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OPTIMAL PORT PLANNING: With the supply 
chain ever-changing this eJournal 
provides insight for port planners on 
how to utilise the current landscape and 
work towards planning operations in a 
seamless manner. 

MEGA TERMINALS: This eJournal explores 
some of the busiest port terminals in the 
world and looks at how a combination of 
automation, environmental progress and 
thought leadership has brought them to 
the forefront of the industry. 

100TH EDITION: This bumper edition will 
explore the past, present and future of port 
technology as well as invite some of the 
leading exerts to voice their views on what is 
going right, and what may be going wrong, 
in an industry that continues to chase the 
latest tech and innovative procedures.

100TH 
EDITION 

EDITORIAL 
CALENDAR

2020 

Port Technology International publishes ten 
online eJournals alongside its two print and 
digital editions throughout the year. 

We are also celebrating our 100th edition 
after 25 years of publishing. To be a part of 
this exciting new bumper Journal please 
reach out to our editor Beth Maundrill at 
bmaundrill@porttechnology.org. 

For 2020 here are some of the topics we 
will be covering with input from industry 
members such as Inform, Kalmar, Rajant, 
Navis and many more.

SUSTAINABILITY: With the world even more 
aware of climate change we explore the 
new IMO 2020 Sulphur regulation, how 
ports are coping with extreme weather 
events and what shipping lines are doing 
to protect the environment. 

EXPONENTIAL TECHNOLOGIES: 5G, AI
 and robotics are all now part of our 
everyday vocabulary and are soon to 
be part of everyday life. This eJournal 
explores how ports can utlise 5G networks 
and make the most of the technological 
revolution while staying cyber secure. 

100TH 
EDITION 



The new decade has brought new challenges for the maritime 
sector, including environmental regulations in the form of the 
International Maritime Organization 2020 regulations to the 
global pandemic of the coronavirus which has tested the 
global supply chain to its limit.  

At Port Technology International (PTI) we have continued to 
cover these in both our print and digital platforms as we look to 
provide deep insight into key trends and technologies.  

Automation continues to drive innovation across several 
industries, and there is no greater example of this than 
maritime. However, implementation, technology and best 
practices continue to be a constant source of debate and 
analysis across the sector, as is shown in this edition of the PTI 
Journal.  

Automation here to stay 
The automation debate is not new, but it remains a booming 
market and a source of growth for the wider container terminal 
industry.  

For example, the ports equipment market is estimated to 
be worth $36.6 billion by 2025, which would represent a 
compound growth of 3.3% since 2018. This will be driven 
largely by growing global trade between Asia and North 
America, an outlook emphasised by the thawing in trade 
relations between the US and China. 

Growth for this segment is also being seen in semi-
automation, this market segment is showing a 4.4% growth 
trajectory over the coming years. We see semi-automation 
as an important solution for a number of ports where full 
automation is out of reach.  

Alongside semi-automation, another trend that is being 
realised is that of retrofitting. While automated container 
terminals have been borne out of new greenfield projects 

the costs associated with this kind of development is, of 
course, high. We can therefore expect to see more brownfield 
automation and retrofitting in the future.  

Mega-ships, security and the environment 
In this issue of the journal we also explore other debates 
including the impact of mega-ships on the container terminal 
industry, the future of digital security and the impact of 
environmental regulation on operations.  

Mega-ship fleets continue to grow, as is evident by the 
March 2020 announcement that Orient Overseas Container 
Line (OOCL) has ordered five new 23,000 TEU container 
vessels from two of COSCO’s shipbuilding yards. In the 
journal we explore how this is impacting the terminals 
themselves and how this links back to automation which 
can streamline processes. Practically and operationally 
ports and terminals must be prepared for the continued 
influx of these mega ships.  

On the environment, 2020 has been a big year for innovation 
within the industry and papers within this journal explore what 
can be done to mitigate the impact of climate change on ports 
and the wider industry.  

Finally, we also explore digital security and explore how 
to keep port operations safe in the cyber age. The Port of 
Barcelona details its cyber security strategy amid the digital 
development of ports and the wider supply chain.  

We continue to thank our preferred partners for the support 
they lend to PTI which enables us to produce the high-quality 
content for our readers. 

Beth Maundrill
Editor

PREFERRED PARTNERS
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AIDRIVERS.AI

Autonomous Mobility. Only Do Better.

Aidrivers provide specialised Ai enabled autonomous mobility solutions for 
Port Terminal automation that meet the needs of the Port Operators for 

sustainable future.

AIos

airsaifo

aiper

AIse

airc

Autonomous Natural Navigation

AIOS is designed with precision 3D localisation, Ai 
enabled perceptions with situation cognisance and 
responsive autonomous control with safe mobility drive 
model for trailer based vehicles to navigate naturally in 
dynamic environment of Port Terminals and work with 
automated cranes.

Digital-Twin

AISE is an immersive simulation which enables to simulate
the autonomous operations to evaluate the operations and 
identity areas of improvement and optimization for 
maximum throughput.

Drive-by-wire Retrofitting

AIRS is an Autonomous Intelligent 
Retrofitting System with responsive 
autonomous vehicle drive manage 
with a safe control mechanism, 
designed for complex trailer based
vehicle that deliver required accuracy 
and precision for integration with 
automated systems. 

Ai Visualiser

AIPER is interactive visualiser with a 
real time predictive data analytics for 
a safer autonomous mobility and 
e�ective interaction with control.

AI Enabled Fleet Operator

AIFO is designed to deliver e�ective 
vehicle scheduling with e�cient path 

planning for resource e�ciency as well 
as to facilitates Vehicle-2-infrastructure 

communication and real time 
autonomous mobility operations 

visualisations with fleet interaction and 
control.

Teleoperation

AIRC is an Ai enabled remote control 
and drive solution for teleoperation
with intelligent safety measure and 

resource e�ciency. 



AUTOMATION & OPTIMIZATION 
IN PARTNERSHIP WITH: 

INFORM specializes in AI and optimization 
software to improve operational decision 

making for any TOS. With a range of add-on 
software modules, INFORM’s unique blend of 
algorithmic based software expertise, rich 
industry experience, and big world thinking 

delivers huge value. 



With automation being broadly implemented, 
this article provides a foreseen perspective 
about some of the key technology components 
the marketplace offers to terminal operators - 
for deploying and optimising the automation 
(still) 'black box' solution.

The scope of the article is limited to 
associated software applications, mainly 
focusing Terminal Operating System (TOS) 
and Equipment Control System (ECS), and 
their connection to Container Handling 
Equipment (CHE) systems. 
• Intentionally the article doesn’t focus on 

Algorithms or People, which deserves a 
specific focus and a longer dissertation to 
avoid creating 'out-of-context' confusion. 

ROLE OF TOS
During the last few years, a clear evolution in 
the thinking of TOS suppliers offering is being 
observed, with the focus now on technology. 
Cloud 'hosting' and artificial intelligence (AI) 
are at the forefront, yet the real challenge is 
on the lack of traction regarding the evolution 
needed for terminal operators leveraging TOS 
to effectively move into digitalization. 

Further, there is an issue on capitalising 
the huge investments on technology, which 

so far are only creating an IT core foundation 
to realise business value return later.
• For terminal operators the challenge 

still is how TOS vendors understand 
requirements, as well as how other 
systems connect to the TOS. This process 
is still very 'project-to-project-driven' 
and non-standard; impacting simplicity, 
reliability and maintenance of the TOS 
solution component.

Terminal technology implementation 
is stopping being ‘TOS centric’ but still 
the methodology, practices and tools for 
effective integration are not available - for 
simplicity the article describes the challenge 
and need for change in some specific areas.

WORKFLOW VISUAL MANAGEMENT
A recurring conversation is around the 
organisation at Terminals moving forward, for 
automation, but more generally applicable 
to leverage the potential of technology and 
integration of processes for empowering 
efficiency, safety and sustainability:
• The simplification and data-enrichment 

of the applications graphical interfaces 
(GUIs) will help to produce evolution 
regarding user paradigms - both for 

operations planning and execution (OPS) 
– today, the current user interaction 
continues based on the monitoring of 
alphanumeric information, This leads 
to 'chasing containers' in a reactive, not 
proactive, way, thereby generating a 
stressful working environment,          

• At a broader level, the number of 
applications for Information Technology 
(IT) and Maintenance Departments 
(MNR) is growing exponentially. For 
the OPS-IT-MNR organization 'triangle' 
to act together to resolve an exception 
smoothly, the different applications 
consuming related data from different 
sources will need to support the cross-
functional real-time collaboration 
seamlessly.

SMART FUNCTIONS AND DATA ANALYTICS
I am convinced that container terminals 
will leverage AI and machine learning in 
the  future, but the reality today is we are 
far-away from having the necessary data - 
in amount and in quality - to leverage data 
correlation across processes to deploy deep 
learning capabilities that can meaningfully 
assist planning and executing operations:

TERMINAL AUTOMATION 
FORESEEN
Dr Oscar Pernia, Director of Automation & Process Engineering, Terminal Investment Limited
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• The overall terminal ‘eco-system’, not 
only TOS, will need to truly promote data 
models standardisation and open data, 
so customisation of applications to local 
environments is easier and shorter. At 
this stage we will start having enough 
data to make planning more flexible and 
resilient and execution more adaptable 
and predictable by using AI,

• The other important enabler will be 
on injecting the AI solution from those 
smart algorithms within the supporting 
applications to planning and execution 
processes and to make it in conjunction 
with the current organisations and 
profiles - making the AI part synergistic 
with the human component is not easy 
with the current set-up.

In short, TOS must empower the planning 
functions to drive evolution in our Industry 
in terms of connectivity & data, to produce 
simple collaboration & transparency. Broadly, 
TOS support to digitalization needs to really 
evolve into creating a data system of record 
and a connected eco-system approach. 

ROLE OF ECS
With Automated Terminals, ECS software is 
being positioned to Terminal Operators to 
effectively make CHE more autonomous and 
intelligent. But ECS products and associated 
services have not been conclusive so far for 
Terminal Operators truly framing automation 
blueprints, managing integration risks and 
minimising time-to-value.

Today the combined CHE and ECS offering 
has multiple and flexible possibilities, but 
when looking into converting the huge 
investment into an integrated solution 
the offering is not completed and adds 
complexity. Further the cost associated to 
ECS is even higher than the TOS. 

MODULARITY AND SYSTEM ARCHITECTURE
With the increasing number of system 
components, software applications and 
associated data bases; the overall system 
architecture needs to be structured to make 
the different technology layers at Terminal, 
and the Terminal System functional split 
(beyond TOS and ECS) clear for predictable 
design, deployment and testing:
• Some initiatives like TIC 4.0 are focusing 

on 'the elaboration of industry standards 
that will favour the development of 
further technological innovations for 
the whole sector'. On this path, Terminal 
Operators will need to collaborate to 
enable IOT or AI but also resolving 
the basics for the core foundation of 
standardising and easing automation at 
the system architecture level, 

• The result of those initiatives will 
enable getting to a standard generally 
applicable to any configuration. 
Terminal operators need flexibility but 

general automation standards must be 
enabled – as they’re applied in many 
industries for decades, and in all sorts 
of processes, like batch processes, 
continuous and repetitive processes. 

It is clear our industry needs a modular 
and flexible approach, but the specific layers 
to articulate functional splits and supporting 
data communications must be clearly 
defined. Software development can then 
truly follow a terms of reference and be an 
'open' experience. 

CONNECTIVITY AND OPEN INTERFACES
Already from the 'early adopters' experiences 
in Rotterdam and Hamburg integration was 
spotted as the main challenge, and different 
technologies and practices are being utilised 
during the 30 years after those - to create 
evolution and 'repeatability':
• The required evolution will take our industry 

from 'one-off' integration experiences 
based on 'industrial communication bus' 
technology to having available integration 
platforms for connecting software 
services and applications (e.g. Muelsoft) - 
the experience and approaches by those 
at more complex and more real-time 
dependent industries will be an example 
for our way forward, 

• As example the increasing utilisation 
of Enterprise Service Bus (ESB) as a 
integration architecture in some projects 
will be the norm - many times already 
TOS and ECS applications leveraged 
that architecture and associated comm 
methods & interfaces for their internal 
integration, and step-by-step the overall 
Terminal systems integration will follow 
this ‘system-of-systems’ approach.

In short, the role of ECS is becoming, 
along with TOS, the core backbone of 
the automation solution. CHE and ECS 
suppliers need to truly ease modularity, 
connectivity and technical support to 
terminal operations - it is indeed necessary 
at automated terminals but also for all 
terminals to go truly digital.

CONCLUSIONS
With automation adoption being more 
and more active, the message from 
terminal operator needs to be positive but 
making sure the existing experiences and 
past lessons learned produce a common 
understanding for the design, deployment, 
integration and optimisation methodologies, 
processes and tools. Some guiding principles 
that the article highlighted to extend the 
positive message into real progress from a 
terminal automation industry standpoint:
• Platform(s): a platform will be 

understood as a cluster of business and/
or operational processes that needs to 
be connected through data and APIs, and 
by default the underneath technology 

will enable open data and multi-platform 
connected eco-system. 

• Integration: normal practices in 
System Engineering as integration 
patterns and data consistency models 
will be consolidated in our industry, 
standardization on those practices and 
the basics for system architectures will 
ease integration and will reduce its risk.

• Interfaces & Data: ECS will need to 'step-
in' to stay as the integration 'facilitator' 
and the data 'blender' at CHE level: it is a 
fundamental actor for creating a process 
digital platform to get to operational 
excellence together with TOS.

• Equipment Intelligence: CHEs are 
becoming more and more sophisticated, 
with the evolution of autonomous 
mobility more and more decisions will 
be taken at ECS level, which will become 
a catalyst to enable Terminal 'squeezing' 
those assets. 

• Flexible Execution: the translation of 
dynamic & resilient planning by TOS 
into a flexible execution is and will be 
depending more and more on ECS - the 
development of unified user interfaces 
to seamlessly integrate equipment, 
software and people actions is key.

In particular when tackling a new green-
field development or a brown-field retrofit 
project, the terminal operator is in front 
of a complex environment of terms & 
nomenclature, system value propositions, 
interfaces and integrations – and impact 
of those in the organisation and labour 
environment which in most of the cases are 
required to evolve from current paradigms. 
In this article we described some of the 
challenges but also traced the direction 
where the solutions could be found.
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I had the privilege of recently reading the 
book titled One Good Turn: A Natural History 
of the Screwdriver and the Screw by Witold 
Rybczynski. Putting aside the odd choice of 
evening reading material, it was fascinating 
to learn that the screw, despite having 
been invented as early as 400 BCE, wasn’t 
prominently used in any industry until the 
early 1930s, and it got me thinking. You see, 
the story of the screw, and subsequently 
the screwdriver as the two go hand-in-hand 
(pun intended), is a tidy analogy of the state 
of maritime technology and, perhaps, an 
omen of things to come.

THE QUICK HISTORY OF…
…the Screw. As early as 400 BCE, the 
technology that underpins the screw 
emerged with bespoke applications in wine 
presses, olive oil presses and for pressing 
clothes. Made of wood, these early screws 
were very limited in their application, and 
there is no record of them being used in any 
of the applications we see them in today. 

Screws started to appear in the early- 
to mid-1400s. They began to replace 
iron nails in bespoke applications such as 
the manufacturing of armor and guns. 

In the mid-1500s, screws were used in 
watches and clocks – yet they remained 
unstandardized and individually produced. 
It would be some 200 more years before 
an industry arose to produce them. Fast 
forward to the late 1700s and the Wyatt 
brothers of the English Midlands patented 
a method for producing screws at scale 
converting a disused corn-mill into the 
world’s first screw factory driving down cost 
and improving quality and consistency. 

…the Screwdriver. The screw had arrived, 
but it was still far from what we picture 
when we think of today’s screw, but more 
on that later. First, we must take a quick 
look at the screwdriver’s history, as anyone 
who’s worked with screws knows that the 
screw is useless without the screwdriver. 

It turns out that the history of the 
screwdriver is just about as mysterious 
as the history of the screw. In the 1400s, 
we find some of the early screwdriver-
like tools. The earliest versions did not 
resemble the modern screwdriver at all. 
Instead, they were generally some addition 
to a multipurpose armorer’s tool. Given the 
minimal application of the screw for the 
time, this, of course, makes sense. 

The first true screwdriver-like tools – 
something we’d recognize today – begin to 
appear in France in the mid-1700s. As with 
the screw, early screwdrivers were bespoke 
instruments that were an investment. Their 
distribution was limited to craftsmen. 

DATA AND THE SCREW
Data is the digital screw, figuratively 
speaking. Data has moved from being a 
simple by-product of the application of 
technology to becoming its focus. We’ve 
moved from ignoring the data produced 
(focusing on outcomes), to asking what 
to do with it (big data revolution), to now, 
actively designing software to produce 
good, structured data that is useable 
straight away as an additional outcome of 
the system (BI-driven development). 

Like the screw, data has evolved since 
the invention of computing. What was once 
stored on punch cards, floppy disks, hard 
drives on PCs, and then on servers, is now 
available in vast databases and data lakes in 
the Cloud. And increasingly, the USB thumb 
drive is disappearing. Data, once reserved 
for computer nerds in the 1970s and 80s, 
is today ambiguous with the very nature 

“SCREWED”
THE REAL VALUE OF DATA 
Dr. Eva Savelsberg and Matthew Wittemeier
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of what it means to exist in a digital world, 
just as the screw has become central to the 
fabric of our physical world.

A PARADIGM SHIFT
The real challenge for the screw was not 
one of technical iteration. Over time, 
the screw slowly underwent incremental 
technical improvements: a material change 
from wood to metal, moving from hand 
production to machine production, the 
tapering of the head from flat to pointed 
(important because it allowed for self-
tapping and no longer required pre-
drilled starter holes). These propelled the 
screw forward until the early 1900s when 
Canadian inventor P. L. Robertson invented 
the square-drive screw and the square-
drive screwdriver in parallel. 

It was the first move away from a flat-head 
screwdriver and marked a distinct change in 
the trajectory of the screw. Rethinking both 
the screw and the screwdriver together 
helped the screw move out of the traditional 
silos of building and finesse manufacturing 
into the modern manufacturing age. The 
Robertson screw allowed for greater torque 

as the screwdriver did not slip in the head 
of the screw and was used prominently in 
the Model T’s mass-produced by the Ford 
Motor Company. 

Of course, innovation like this has 
continued well into the 20th century with 
the invention of the Phillips head screw 
(a.k.a. “cross-head” and probably most 
commonly known screw head type), 
Torx head, tamper-proof screws to name 
a few. While each of these is a distinct 
iteration of the screw and provided a 
more refined purpose, they all capitalized 
on the insight that Robertson brought 
to the table – evolving the screw and the 
screwdriver together. A paradigm shift on 
a parallel with that of McLean’s concept 
of containerization which transformed the 
maritime industry. 

THE PERFECT STORM
Today’s screw and screwdriver are high-
precision tools. This is clear when you look 
at a screw; they come in specific lengths, 
diameters, and head configurations. What 
you’ve probably not noticed is the exacting 
standard of the threads that allow them 

to be interchangeable. The lack of thread 
standardization was also a significant 
challenge for the development of the screw. 
Despite the large-scale manufacturing 
of screws in the 1700s, it would take 
nearly another 100 years for a standard 
to develop for the threads with multiple 
standards being developed and introduced 
in the mid- to late-1800s. Over time, these 
various standards were reduced to just two: 
the Unified Thread Standard (based on the 
empirical measurement system) and the 
ISO metric screw thread.

Industrialization was also to play a key 
role in the development and adoption of 
the screw into our everyday living. The 
first industrial revolution ushered in the 
conditions for machine-based production 
aided by power systems (largely steam 
and water-based). The second industrial 
revolution leveraged the advancements of 
standardization to drive mass production. It 
brought us the Model T which used over 700 
of Robertson’s square-headed screws. Mass 
production and the assembly line brought 
with it the need for a binding tool that was 
quick, and this is where the Phillips head 

WWW.PORTTECHNOLOGY.ORG18   EDITION 95

AUTOMATION & OPTIMIZATION



screw proved superior to the Robertson 
head screw as it was compatible with 
automated screwdrivers used at the time. 

The technical development of the screw 
and screwdriver aside, both standardization 
and the first two industrial revolutions are 
ultimately what propelled the screw and 
screwdriver to their current prominence in 
manufacturing, our everyday life, and likely 
one of your kitchen drawers. 

HAND-IN-HAND WITH DATA
The screw, on its own, struggled to be 
anything more than a niche technology. 
History shows us that without the invention 
of the screwdriver, the development of 
standards, and a move towards efficiency, 
the screw probably would have struggled to 
gain mainstream acceptance.

Data, like the screw, on its own, has limited 
applications. In 2012, it was estimated that 
only 0.5% of data was analyzed. While we 
couldn’t find an updated estimate of this 
number for 2020, it is difficult to imagine 
it has jumped significantly, especially when 
you consider that we’ve increased the 
amount of data available to us 40-fold. 

The question is no longer, “Do we have 
enough data to analyze to make informed 
decisions?” In fact, it isn’t even, “Is the data 
available to us good or not?” We’re living in 
a time when the quality of data has never 
been higher. In 2012, it was estimated that 
the quantity of “useful data” – data that 
could be analyzed – accounted for 22% 
of the one zettabyte of data that existed. 
Today, that number has risen to 37% of 
the 40 zettabytes of data available. In case 
you’re wondering (we were), a “zettabyte” 
is “1” with 21 “0s” behind it! You’re 
probably comfortable today talking about 
terabytes, or a “1” with 12 “0s” behind it. 

The real question is one of computational 
power. With so much data available to us, 
the human brain alone is incapable of 
comprehending the sheer quantity, much 
less weeding out the inherent quality and 
subsequently finding insights therein. Like 
the screw, the story of data requires a 
counterpart to enable its real potential to 
shine. That “tool” is AI, and its “head” of 
choice is machine learning. 

A STORM IS BREWING
Time doesn’t stand still. Many argue 
whether we’re living today in the third or 
fourth industrial revolution. Some argue 
the third is/was typified by the emergence 
and prevalence of the digital revolution. 
Case in point – when was the last time you 
argued whether you require a TOS to run 
your terminal? The fourth revolution is 
also no stranger to the maritime industry, 
focusing on IoT and automation. Clearly, 
we’re tracking strongly into this era with 
highly automated maritime terminals 

becoming increasingly commonplace. 
All of this data is presenting new questions 

to the maritime sector around standardization, 
data ownership, and data exchange. We’ve 
seen progressive conversation herein over 
the past 24 months. 

OPPORTUNITIES FOR MACHINE LEARNING 
IN CONTAINER TERMINALS
At INFORM, we’ve seen the value of data 
growing over our 25-plus years in the 
industry as a software supplier. Our AI and 
OR-based algorithms render a wide range 
of terminal processes more efficient, from 
train loading operations to vehicle, and 
container movements. In 2018, we asked 
whether we could apply INFORM’s broader 
experience and machine learning (ML) 
algorithms to terminal operations and set 
off on the first in a series of ongoing ML 
assessments to identify ways in which we 
could assist terminal operations and port 

authorities to leverage their data to improve 
operational performance. In our paper 
featured in Port Technology’s Edition 83, 
Machine Learning in Terminal Operations 
we delved into multiple applications areas 
of ML, and we’re putting that to use in 
customer ports even as we write.

It is no longer a question of whether data 
has value. In the same way that we view 
the screw and screwdriver as common-
place today, we will soon view data and 
ML as part of our everyday business 
toolkits. And, like Robertson’s screw and 
screwdriver paradigm shift, or McLean’s 
concept of containerization, we’re now at 
the precipice when understanding that AI-
enabled software and ML will transform 
how we engage with data.

Today, the real question is whether you 
will use these “digital screws” to build the 
foundation of your future or stick with the 
flat-head screwdriver approach? 
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Let’s talk about an Industry with doubts. 
Over the past few years, automation in 
this industry has been often treated as a 
“trend”. Something that could pass over 
time, something that is somehow optional. 
However, the evolution of almost all other 
industries in the last decades proves that this 
is not just an optional feature. 

We cannot consider automation just a 
possibility when designing a new Terminal or 
when we need to improve performance on 
existing ones. Introducing automation is not a 
trend, it is just the way our world operates at 
every level today and our Industry is a key part 
of the world we live in. Terminals will need to 
continue to add different levels of automation 
to be able to compete and be efficient now 
and in the future. We must move beyond the 
doubts surrounding whether automation is 
the way forward and ask why those doubts 
are there in the first place. 

THE RACE TO AUTOMATE
Automation for the automotive industry 
started as a revolution in 1913, when Henry 
Ford introduced the production line. Since 

that moment there has been a steady 
evolution in car manufacturing techniques 
that have taken us to the current modern, 
robotized factories over the course of more 
than one hundred years.

The evolution of automation in our 
Industry is different: it was not until 1968 
that the containerization was regulated by 
international standards but…what about the 
“production line”? The processes that handle 
containers inside a terminal have been kept 
more or less intact since then and there 
has been no sense of “industry standard” 
automated processes until recent efforts by 
some major Terminal groups or associations 
like the Port Equipment Manufacturers 
Association (PEMA). We need to advance 
in a few decades what others have done in 
more than a century.

Moreover, despite being more advanced 
in the approach to automation, hardly 
any other industry feels the need to 
introduce “fully automated” factories. In 
fact, car manufacturers are very reluctant 
to introduce major changes to their 
manufacturing processes. They prefer to act 

over small stations that, once automated, 
have a big impact over the global efficiency. 
The container terminal industry seems 
somehow in a race to achieve excellence by 
fully automating all the processes possible. 

The maximum expression of this are the 
fully automated terminals. The fact that 
they exist is somehow stunning, because 
the maritime industry needs to cover much 
more ground than others in order to achieve 
similar levels of automation, however we 
are trying harder and taking it further than 
anybody else. We are putting the cart before 
the horse or, at least, we are taking too big 
steps (with great risk and mixed results) 
and not giving enough time and experience 
to settle in the common conscience of the 
community. Sometimes overreaching leads 
to misalignment of expectations, not enough 
consistency in the automated processes, 
or simply, unpreparedness of the Terminals 
and technological providers to receive such 
paradigm changes or deliver performance 
without suffering. In the case of fully 
automated terminals, the debate is if they 
are as efficient or not as semi-automated 
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terminals and when they are going to be. 
This experience sure casts doubts also over 
automation as a concept.

THE AUTOMATION CULTURE IN OUR 
INDUSTRY
When Orbita started its Ports&Terminals 
operations in the early 2013, we had 
already worked for more than 10 years 
in other industries where “automation” 
was not a trend, but part of the collective 
cultural background. In these more mature 
industries, both automated and manual 
processes live together, with no anxiety 
to introduce automation “per se” but on 
the contrary, thinking about each process 
individually and designing ways to improve 
them, only if necessary and if the results are 
worth it. 

In order to automate a new process, 
first there is a thorough study by the plant 
engineers that will evaluate all key aspects 
of the current process, in order to identify 
the potential bottlenecks or technological 
improvements that could be expected. KPIs 
such as the target cycle time, maintenance 
cost, success ratio (where applicable) and 
of course the financial benefit over time are 
measured and are set as targets to be met by 
the automated process. 

Even for big terminals with enough 
resources, it is very difficult to measure all 
this information in advance, with accuracy, 
and to do a proper analysis of the benefits 
of introducing an automated system. If you 
cannot measure your inefficiencies, it will be 
very difficult to predict the benefits of the 
change. There goes another set of doubts 
about the introduction of automation: lack 
of information. Here we also find one of the 
key differences between other industries 
and ours. In more mature sectors, the 
know how is in-house at the corporate 
level and process automation is in the 
Company Culture already. In our industry, 
this can happen in big Terminal groups 
with the capacity of generating centralised 
engineering departments and gather know-
how that transcends one single Terminal. 
Frequently, medium sized or small Terminals 
find themselves “alone” in the decision 
making or having to rely on external advice, 
which is very good and some companies 
provide excellent advice and consulting 
services, but it is different than having in-
house knowledge.

When a Terminal wants to improve their 
processes, one of the logical choices is to 
introduce automation, but it is completely 
understandable that they face doubts 
about something that they do not control 
completely. In this industry, there are no 
common standards as to how a determined 
automated process looks. Therefore, many 
terminals introduce automation without 
knowing completely how profound the 

changes will be within their company. We 
tell ourselves that because the container is a 
standard design, machines are standard and 
the processes around them are standard, 
but they are not. 

We have not found two terminals that 
work the same way, even within terminal 
groups. For a company like us it was kind of a 
cultural shock at the beginning, because we 
were forced to learn very fast the intricacies 
of the Terminal business in order to support 
our clients with operations know-how, much 
more than in our previous experience in 
other sectors. It is very rewarding for us 
as a technological partner of our clients to 
have this level of knowledge not only about 
automation but also about its surrounding 
systems and related operations, but we see 
also that decision making is difficult in many 
cases for some terminals.

TIME AND EXPERIENCE
The first situation that many Terminals face 
is that they need to introduce automation 
to improve their processes but many do not 
have the means to measure where they have 
the bottlenecks or the in-house knowledge 
to look for which type of automation is really 
needed. Not to mention to have a step-
by-step, medium term plan to introduce 
automated processes over time. In order 
for the doubts about automation to end, 
we need that knowledge built-in into the 
company culture, the know-how of Terminal 
operations needs to include automation. 

In this Industry there are great individuals 
with exceptional talent and dedication that, 
with a lot of personal effort, work scattered 
across the Terminals of the world and make 

tremendous efforts to learn and apply their 
findings in their companies. However, that is 
still not comparable to a standard, industry 
wide know-how that gives the sector a 
common culture of automation. Can you 
imagine if a car manufacturer lost its car 
making know-how because an engineer left 
the company? If this is the case in our industry, 
maybe we should not be rushing to automate 
as much as we can, but to educate, to train, to 
define and learn the basic components of the 
technology behind automation, consolidating 
them across the industry.

To be fair, I think that automation in a 
Container Terminal is far more difficult than 
in a factory. For starters, in a factory you 
have a controlled environment. You control 
the light, the temperature, not to mention 
the rain! You have no rain in a factory. The 
environment creates countless difficulties. 
Then, there is the anarchy. Production lines 
were created to allow repetition. To repeat 
always the same operation, over and over, 
and become very good at it. There is hardly 
any repetition in a container Terminal. Then 
is the experience, the time that we need to 
settle down, learn from experience, there 
is no time today for that. The pressure to 
succeed at the first occasion is tremendous. 

All these factors and others contribute 
to create all the reasonable doubts that 
were discussed before. However, it is not 
the concept of automation that we need 
to doubt of, but if the application of that 
concept is correct. If we want automation 
to be built into our culture, we need to 
consolidate the knowledge across the 
industry. Time and success stories will do 
the rest. 
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Automation can be traced as far back as 
270BC when the Egyptians first used a 
float regulator for a water clock. Over the 
centuries, automation processes have 
entered many areas of life and helped power 
the industrial revolution from the 17th 
century. At the heart of automation is the 
desire to improve humanity by improving 
consistency, accuracy and productivity. In 
essence, making things easier to carry out.

Indeed, automation has become so 
integral to our lives that we take for granted 
our dishwashers, washing machines and 
traffic lights. Examples of automation are 
all around us alleviating the mundane, 
elevating levels of safety and freeing up 
precious time on a daily basis.

The capabilities of automation have 
been extended multiple folds through 
the invention of the computer. The rapid 
acceleration in the development of 
computing and its applications has led to 
the subsequent ubiquity of computerised 
systems. This has in turn greatly extended 
the ability to automate complex processes. 
In particular, engineers have sought to 
automate complex repetitive manual work 
so that tasks can be carried out smoothly 

and efficiently without human error. This 
normally require huge amount of attention 
which create stresses which lead to making 
mistakes and inefficiency.

Initially, the use of computerised systems 
to control automation was beset with 
many teething problems and created 
some unexpected new challenges and 
unanticipated down time. The early stages 
of development were also characterised 
by a lack of operational knowledge from 
designers which ironically made the delivery 
of secure and robust automated systems 
more difficult and more time consuming.

Roll forward to 2020 and after years of 
continuous technological development 
from talented and creative engineers, 
automation has reached a stage where 
it regularly and consistently delivers the 
specified operational requirements and, 
in many cases, goes way beyond this. 
Modern automation solves complex 
industrial challenges of WHAT situations 
efficiently and has created thousands of 
high paid careers whilst removing multiple 
thousands of low paid jobs. The World 
Bank’s World Development Report in 2019 
shows evidence that new industries and 

jobs in the technology sector outweigh 
economic effects of work being displaced 
by automation. In economic terms there is 
much to be gained by automating.

However, despite the excellent results 
achieved from automation, in the majority 
of cases the automated systems are 
based on rule-based approach and still 
lack cognitive processing ability. The most 
effective decision-making takes place when 
there is awareness of the situation and 
the ability to adjust to changing situations 
within that space. In addition, current 
automation is hugely dependent on the 
hardware, peripheral products and sensors 
without true cognitive which is creating new 
challenges. The outcome of this problem is 
that we currently have unsustainable long-
term solutions.

AUTOMATION - NOT GOOD ENOUGH!
Current levels of automation could be 
considered in the most critical sense merely 
‘good’ at carrying out complex tasks safely 
and reliably. However, the next stage of 
automation will need to incorporate better 
decision making into the process to take 
account of our rapidly changing modern 
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world. This will extend the operational 
capabilities of current methods in place and 
crucially ensure new automation systems 
are able to respond to the constantly 
appearing and changing problems of 
modernity.

Automation currently lacks the cognitive 
processing capability needed to give a 
system a sense of self-awareness which 
would vastly improve procedures. There is 
also the restrictive issue of the dependency 
of most automated procedures on single 
systems whether software, machinery or 
other hardware. Another problem area 
is that automation programming has 
finite modes of operation which prevents 
agile responsiveness to in situ problems. 
Automation at present is quite simply 
not designed to adapt sufficiently at 
HOW situations instead deals with WHAT 
activities. One of the key elements of a 
successful new wave of automation will 
be the adaptability of the software which 
would be able to continues learn to reflect 
and respond to any situation it faces and 
execute the appropriate commands as the 
problems arise. This will help bring about 
the next stage of productivity improvements 
of error free task completion.

Another huge hurdle to overcome in the 
current model of automation is that to put 
an automated process in place it is typical 
to adapt, at huge cost, the environment 
around the process to allow it to work thus 
it requires huge amount of environment 
preparation. This is not a sustainable 
method of work as we move into a world 
which holds green credentials at the top of 
the list.

Automation has not kept pace with the 
advancements in technology. There have 
been significant developments in the fields 
of sensors, computing power, Ai enabled 
algorithms and Ai driver models which 
are all capable of creating new operations 
cognitive and knowledge to handle much 
more complicated operational tasks in an 
uncertain world.  

Tie all these issues together with the 
current low levels of productivity and the 
unsustainable amount of infrastructure 
change that is necessary to allow 
automation to work and it is abundantly 
clear that we urgently require a new era of 
automation to meets the need of industries 
and sustain the future.

AI ENABLED AUTOMATION
Ai is the next advancement in technology 
that will accelerate the field of automation 
onwards to the next stage. Ai will allow 
the necessary learning to generate a 
new knowledge to understand different 
behaviours and evolve with new 
knowledge appropriate to the situation and 
environment. This is the obvious next layer 

of advancement to ensure automation 
moves from its score card of ‘good’ to 
above and beyond. 

The innovation of Ai has given a new 
dimension to learning. It has the capability 
and capacity to evolve by processing 
operations information and create new 
knowledge that humans may never have 
previously generated. One of the most 
commonly revered benefits of Ai is its ability 
to take large amounts of complex data and 
analyse the different permutations within 
and without a dataset that would otherwise 
take a human an unmanageable length of 
time. Incontrovertibly the jewel in the 
crown is the power of Ai to uncover and 
recognise hidden patterns.

An example of power of Ai layered into 
automation is the Ai driver algorithms 
which allow the design and development 
of new automation systems with cognitives 
and these can respond to a huge range 
of uncertain situations appropriately, 
promptly and safely. The element of human 
error is removed in a space without loss 
of cognitives which is expected to deliver 
heightened levels of accuracy. In addition, 
Ai enables us to develop a system and 
infrastructure independent solutions which 
overcome system dependencies such as 
supporting any type of sensors rather than 
being dependent on a particular model or 
make. 

FUTURE OF AI AND AUTOMATION 
Ai enabled automation is the only 
approach which can meet the needs of 
future sustainability. This new version of 
automation will continuously learn from 
operations information to create a new 
knowledge to adapt to the environment. 
The ability to embed cognitive processing 
capabilities in an automated system will 
only enable further improvements to 
productivity and ongoing cost reductions. 
Ai enabled automation is self-aware, self-

adjusting and environmentally responsible 
for how situations in uncertain world.

We are heading into a new era of 
automation where its marriage to Ai will 
flex the work environment, shape processes 
and improve all areas of sustainability by 
continue evolving and creating new true 
knowledges. It will feel as exciting and 
revolutionary as the Egyptian float-regulated 
water clock twenty-four centuries ago and 
will become the driving force behind the 
current fourth industrial revolution.
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In June 1993 the Europe Container 
Terminals (ECT) and Sealand partnership 
at Rotterdam Delta Terminal opened 
the world’s first ‘robotized’ terminal. 
Transport between quay and stack was 
conducted almost entirely by Automated 
Rail Mounted Gantry cranes (ARMGs) and 
Automated Guided Vehicles (AGVs). Since 
then over 1,100 driverless stacking cranes 
have gone into operation worldwide and 
over 35 automated terminals have been 
launched, according to the Port Equipment 
Manufacturers Association (PEMA). The 
transition has been a steep learning 
curve and port operators, analysts and 
executives have begun to understand the 
realities and challenges of automation far 
better. 

A lack of software and technology 
standardisation, mismanaged market 
expectations, labour disputes, lower than 
expected productivity and initial terminal 
under-performance have hallmarked 
almost every port automation project. We 
will briefly examine some of these pain-
points with a view to advancing necessary 

changes to the terminal automation 
conversation.  

A note on definitions: when papers, 
pundits and owners refer to automated 
terminals they are typically only referring 
to automated movements in the yard and 
dock-yard interchanges like the ECT Delta 
Terminal, Maasvlakte, Netherlands. It is 
typical that crane-ship operations are still 
manual whilst the interaction between 
yard cranes and the inland transportation 
means of reception and delivery remain 
assisted by remote controllers. 

For the purposes of this paper we 
will refer to all automation levels – from 
operator/crane decoupling in the form 
of remote operation, through fully 
automated horizontal container transport 
to terminals and original equipment 
manufacturers (OEMs) striving to perfect 
supervised-operation/semi-automated 
RTG and quayside cranes. 

Port automation is not disrupting the 
sector, however, it is certainly true that 
converting to, or building an automated 
terminal, is in every sense disruptive. 

While certain amounts of disruption is 
unavoidable, other aspects can and are 
being managed successfully. In this paper 
we will try to define port automation 
failure and success. 

PROBLEM ONE: MIX AND MATCH 
The ports sector is highly competitive 
and secretive. The irony however is that 
no single actor is going to ‘crack the 
automation code’, because the lack of 
standardisation in hardware technology, 
user interfaces, digital and software 
platforms hinders greenfield projects.

Some OEMs are doing their level best 
to promote themselves as the automation 
‘one-stop shop’. However, it is clear from 
reporting on the issue that most terminals, 
for better or worse, are opting for the mix 
and match model.

For example, the APM Terminals (APMT) 
Maasvlakte II terminal in Rotterdam 
saw the terminal operator itself acts 
as integrator, managing the efforts of a 
disparate group of vendors. APMT used 
this approach in Tangier, Morocco, albeit 

HOW PORT  
AUTOMATION CAN FAIL
Yvo Saanen, Commercial Director and Founder, TBA
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with different vendors and a different 
operating model. 

What remains with the mix and match 
model is the need to integrate, almost 
on a project-by-project basis, which is 
complicated and time-consuming. 

PROBLEM TWO: DATA
Digitalization cannot be realised without 
data – accurate, diverse and clean. 
Persistent problems regarding data and 
knowledge sharing, accessing shipping and 
transport data, co-ordination with regard 
to platform development, and a ‘closed-
source’ mindset not only creates serious 

delays in implementing automation, but 
hinders innovation. 

The question of who owns the data 
holds innovation back even further, with 
the supply chain ignoring the benefits 
of sharing and instead keeping it to 
themselves. 

PROBLEM THREE: SKILLS, STAFF AND 
DISPUTES
Automation re-defines jobs and can lead 
to discontent, but this is a reductive way 
of looking at port automation. Here is the 
longer view: container terminals – and by 
extension their employees – are under 

a form of existential pressure. Despite 
the global container terminal industry 
expanding, growth is stagnating due to 
macro-economic factors, such as the US-
China Trade War. Many everyday products 
are handled by container terminals, 
having been produced using just-in-
time protocols, which affects the price. 
Furthermore, manufacturers are making 
goods closer to demand-centres and 
streamlining domestic supply chains. 

Shipping lines have responded to this 
demand pressure with a two-pronged 
approach: bigger ships and larger alliances. 
Today, just three alliances carry 80% of 
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world trade in containers [2M: (MSC, 
Maersk, HMM), Ocean Alliance: (CMA-
CGM, Cosco Group, OOCL and Evergreen), 
and THE Alliance: (Hapag Lloyd, NYK, Yang 
Ming, MOL, K-Line)]. These behemoths can 
generally be more flexible and adaptable to 
market conditions, and unless regulators 
get involved, their dominance will persist. 
Essentially, shipping alliances have the 
economic power to impress enormous 
and expensive changes on terminals, 
infrastructure that accommodates larger 
ships, and processes that make unloading 
those ships faster - such as automation. 

The conclusion trade unions reach is 
if the sector or the business suffers, so 
does job-security. However, managing 
the transition from strength to skill, 
from manual to automated and from 
mechanical to digital requires a human 
touch. Automated ports will always 
require the skills, insights, enthusiasm and 
experience that current workers can bring 
to the table. Additionally, automation 
and other associated developments can 
create a more challenging, dynamic, 
interesting and ultimately satisfying work-
life. Hamburg provides an example of 
communicating deeply and often about 
such changes and the Port would regularly 
include all workers in the it’s thinking and 
strategy. 

PROBLEM FOUR: AUTOMATION IS NOT A 
SILVER BULLET
Automation is driven by commerce and 
shippers are placing extraordinary pressure 
on terminals not only to accommodate 
ever-larger vessels, but to unload, and 
even deliver (relocate containers to an 
intermodal node), upward of 10,000 
containers per vessel within 24 hours. 
The benefits of mega-vessels are also 
decidedly unequal. While shipping lines 
harvest the economies-of-scale benefits, 
ports pay the bulk of the price. McKinsey 
estimated in 2018 that ports globally have 
invested $10 billion in automating their 
terminals, notably more than predicted 
previously. In 2015 it was forecast that as 
much as $400 million could be added to 
operational and capex costs for terminals 
because of mega-ships, according to the 
International Transport Forum. 

With mega-ships occupying almost the 
entire shipyard order book, some reporting 
demonstrates that without significant 
intervention, terminal productivity and 
shipping lines’ expectations will drift apart.  

Urgent intervention in the capacity and 
productivity of terminals is required, and 
numerous terminal owners and operators 
are now opting to automate many yard 
functions. Terminal managers expressed 
disappointment in the productivity yields 
of automation in the McKinsey report The 

Future of Port Automation, published in 
2018. Other voices in the industry worry 
that full automation does not meet 
requirements. Semi-automation has been 
mooted as a solution, but specific areas of 
automation, such as remote quay crane 
are yet to meet stakeholder expectations. 

However, it is not that automation is 
failing – AGVs have for years reached 
and exceeded performance expectations 
and longevity. The issue is the rate of 
implementation, and the timelines 
terminals can expect until previous levels 
of productivity are reached, and at what 
stage productivity will improve further. 

The rate of automation implementation 
is a function of many things, yet the buck 
tends to stop with equipment OEMs. 
While this is fair, it is not necessarily 
helpful. Ports take a long time to change 
direction. Their organizational structure 
and information flows are siloed, and 
equipment and systems often work off 
disparate technology platforms of varying 
generations. Additionally, navigation 
systems, sensor and transponder 
distribution and software programming 
are location-specific, requiring OEMs to 
reinvent some spokes of their automation 
wheel with every terminal. 

WHY AUTOMATION SUCCEEDS
Mega-infrastructure projects have many 
moving parts. It is essential to define a 
path that takes each project in modular 
stages – and also what failure looks like. 
Automation vendors, OEMs and terminals 
need to negotiate timeframes and 
relationship structures that allow this to 
happen. 

Automation succeeds when terminals 
approach it as a journey of incremental 
but sustained change. A defined path to 
automation approach allows terminals, 
even those with ageing fleets, to begin 
automating. Starting with smart features, 
terminals can choose from a range of 
operator-assisting technologies. Each 
enhancement brings that crane closer 
to automation. As terminals layer smart 
features onto their equipment, the system 
grows in an organic manner, allowing 
operators to become familiar with the 
equipment. Eventually, the equipment 
is ready for supervised operation and 
automated operation.  

A second path which works is integration 
by single OEMs. The responsibility and 
ability to make it work together shifts from 
the terminal operator to the OEM. Such an 
approach aligns well with a performance-
based contract, extending well beyond 
the go-live of the terminal. The terminal 
operator and system integrator work 
together symbiotically to achieve a long-
lasting, successful solution. 

Terminals are not yet hotbeds of 
innovation but have benefitted from 
digital and automated processes, tools and 
equipment. Bullish shipping customers, 
stagnating throughput, high fixed costs 
and global policy pressure regarding 
sustainability are compelling port 
terminals to make bold leaps. Automation 
is one of these leaps. If terminals are to 
evolve into the more efficient, sustainable 
and profitable entities they promise to 
be, then automation is one of several key 
components for getting there. However, 
while pockets of excellence exist in 
both automation implementation and 
technology, there is always the danger 
of reverting to old-school, top-down, 
siloed thinking, a lack of vision regarding 
the digital horizon and a heavy-handed 
approach to change-management, all 
working to perpetuate an environment 
where automation, and associated 
terminal enhancements, are not yet 
thriving. 
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It is January 1990 and mainland China’s 
entire container throughput reaches 1.2 
million TEU annually, about one third the 
Port of Rotterdam’s volume for that year. 
At the Port of Rotterdam, Europe Container 
Terminal (ECT) is building the world’s first 
automated container terminal at the 
recently developed and remote Maasvlakte 
facility. The large project is ambitious, and 
it comes with a 20-year contract from ECT’s 
largest customer, SeaLand (now Maersk), 
who wants the new terminal to be “an 
example for the industry”. 

When deciding what type of terminal 
to build, the then ECT president, Gerrit 
Wormmeester, asked, “Why build a 
terminal with technology from the 1970s 
when it should last for 30 years?” In 1993, 
with an eye towards the future, ECT goes 
live with the first automatic stacking cranes 
(ASCs) and automatic guided vehicles 
(AGVs) in the world.  

Fast-forward to today, ECT Delta has 
processed millions of TEUs, grown to 
multiple times its original footprint and 
upgraded its original ASCs and AGVs with 
new and improved, modern versions. 
It is remarkable to consider that ECT 
launched a fully-automated terminal in 
an era without many of the technologies 
that standard manned terminals rely on 
today: broadband wireless networks, the 
modern Internet, fast mobile computing, 
and relatively cheap computing resources 
(100 MB storage was $1,000 in 1990), to 
name just a few. Despite these obstacles, 
ECT pioneered innovative design and 
equipment concepts that continue to 
influence automated projects being 
planned today. 

The journey from the ECT Delta to today’s 
most advanced terminals reveals a maturity 
and refinement of automated solutions that 
have been deployed over many projects. 

Improvements in equipment reliability and 
new technologies are persuading terminal 
operators from all regions of the world to 
invest in automation, resulting in about 
60 live container terminals currently using 
automated container handling equipment. 

There are those automated terminals 
that have been leading the way forward 
for years now, and in the past five years 
alone new terminals have joined the fold, 
opening automated facilities in Mexico, 
Thailand, Indonesia, China, Morocco, 
Italy, Oman, and Canada.  As container 
operators prepare for the future, it’s critical 
to understand the most effective tactics 
available when planning new terminal 
modernization projects. 

ALLES HAT EIN ENDE, NUR DIE WURST  
HAT ZWEI
While the German saying, everything has 
an end, only the sausage has two, indicates 

30 YEARS OF PORT 
ROBOTICS 
AND THE FUTURE OF  
TERMINAL AUTOMATION
Johannes Leholm, Automation Architect, Navis
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a affinity for processed culinary delights, 
it may be worth noting that the ASC block 
was also designed with two ends. 

In the late 1990’s the Port of Hamburg 
embarked on a new automated project at 
Hamburger Hafen und Logistik AG (HHLA) 
Container Terminal Altenwerder (CTA). The 
design for this terminal uses a yard layout 
similar to ECT Delta where the ASC blocks 
have two ends, each with a transfer area to 
receive and deliver containers. As with ECT 
Delta, CTA built a fully-automated terminal 
with ASCs and AGVs. The primary difference 
in the yard design was that two ASCs would 
cover each storage block instead of one 
at ECT Delta, which was logical given the 
higher stacking height required at CTA. 
Additionally, the design at CTA also featured 
the following key changes: 
• External over-the-road trucks interfaced 

directly with the landside end of the 
ASC block at CTA, while ECT Delta used 
manned straddle carrier truck exchange 
grids to carry containers to the ASC 
landside exchange area.

• The AGV exchange area with the Quay 
Crane (QC) occurred in the QC backreach 
area where a second QC portal trolley 
interfaced with the AGV and a lashing 
platform for twistlock operations. The 
main QC trolley transported containers 
between the lashing platform and 
vessel. ECT Delta performed container 
interchanges between AGVs and the 
QC trolley underneath the QC, similar 
to a standard internal tractor-trailer 
operation. 

• Finally, adding a uniquely German 
aspect to the design, CTA required 

that each ASC pass each other, which 
required a separate set of rails for each 
storage block.

CTA went live with this design in 2002 
and its modifications have had a strong 
influence on future automated terminal 
designs. ECT Delta and CTA’s design 
contributions have inspired a large number 
of vertically oriented, end-loading storage 
block layouts with ASCs. There are now 
over 20 terminals featuring a similar yard 
layout currently operational throughout 
the world and more in the development 
phase.

The end-loading automated ASC yard 
layout is a newer concept to terminal 
operators and requires a new strategy 
for yard and vessel planning, as well as 
equipment scheduling. Rubber Tyred 
Gantry (RTG) and Straddle Carrier 
operations are still much more common 
for most terminal operators around the 
world. RTG operations are fundamentally 
different because external and internal 
trucks drive directly to the side of 
RTG yard crane block. Because of this, 
operators plan containers with the same 
vessel loading characteristics (e.g. Port 
of Discharge) in the same yard bay to 
minimize RTG yard crane movement 
during vessel loading.

Alternatively, the end-loading layout 
introduced by ECT requires the yard crane 
to move to the end of the yard block for 
each road and vessel container transfer. The 
benefit of this design is that external over-
the-road trucks and terminal horizontal 
transport (i.e. AGVs) are completely 
segregated and safer. This segregation of 

manned external transport and automated 
internal transport was the design feature 
that enabled AGVs to operate in isolation 
at ECT and CTA. 

The end-loading ASC layout demonstrated 
at ECT Delta and CTA motivated another 
type of automated terminal operation 
that has been popularized in the last 
decade. From 2005-2007, APM Terminals 
built its first automated terminal at the 
Port of Norfolk, Virginia, now known as 
Virginia International Gateway (VIG). 
This terminal does not utilise AGVs for 
waterside horizontal transport, yet it still 
has segregated landside and waterside 
areas separated by end-loading ASC 
yard cranes. Instead of AGVs, VIG uses 
6-wheeled manual straddle carriers for 
waterside horizontal transportation. These 
smaller straddle carriers can lift a container 
two tiers high (also known as 1-over-1 
ShuttleCarriers). 

VIG’s approach was novel because the 
waterside straddle carriers decoupled 
container interchanges with the ASCs 
and QCs, which reduces the wait time 
necessary compared to a coupled transfer 
that traditional manned internal trucks 
and AGVs require. Using manned straddle 
carriers for waterside horizontal transport 
has become a popular mode for terminal 
automation, with over 10 terminals 
operating this way today. 

In parallel to the success of this semi-
automated mode of operation, the ASC and 
AGV concept from ECT and HHLA was also 
advanced by three new fully-autonomous 
terminals in Rotterdam and one terminal in 
Long Beach.
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AUTOMATION IN ASIA AND AUSTRALIA
During the development of segregated 
waterside and landside operational layouts 
in Europe and the USA, two alternative 
automated layouts have been successfully 
implemented and trialled in Asia and 
Oceania. The most popular automated 
terminal design in Asia has been the side-
loading, semi-autonomous Cantilevered 
Automatic Rail Mounted Gantry Cranes 
(CARMG). Meanwhile, in Australia, Patrick 
Terminals has successfully implemented 
Automatic Straddle Carrier operations 
at its Port Botany Sydney and Fisherman 
Island Brisbane facilities. 

The first automated terminal operation 
developed outside of Europe was at the 
Port of Singapore (PSA), where the focus 
was on building denser yard stacks with 
a semi-automated yard. In 2000, PSA 
unveiled the first terminal at its newest 
Pasir Panjang facility, which featured Over 
Head Bridge Cranes (OHBC) capable of 
stacking higher than traditional cranes.. 
Pasir Panjang primarily operates with 
manned internal tractor-trailers today, 
exchanging containers at bays along 
the block (similar to side-loading RTG 
operations). In the 2010s, PSA added 
additional capacity to Pasir Panjang with 
a total of six terminals; terminals four 
through six feature additional semi-
automated CARMG cranes on a relatively 
large footprint supporting over 60 QCs.  

In the mid-to-late 2000’s, ports in 
Japan, Taiwan, and Korea all successfully 
implemented CARMG yard operations, 
where manned internal trucks interchange 
with remotely controlled CARMG yard 
cranes. This type of operation is similar to 
RTG operations, where manned internal 
tractor-trailer drive to the designated 
yard bay to exchange, also known as side-
loading automated operations. 

For most of the sites using side-loading 
automated cranes in Asia, automated 
horizontal transport with AGVs has not 
been the primary goal and has proven 
difficult to implement given the layout 
constraints. However, AGVs have been 
deployed at the Tobishima Container Berth 
(TCB) facility in Nagoya, Japan where the 
operating mode uses semi-autonomous 
remote controlled RTGs with AGVs and 
manned external trucks. The AGVs and 
manned external trucks are required to 
intersect because of the traditional RTG 
layout, which requires gated intersections 
to ensure safety.  

One of the exciting developments in 
the past five years has been the rise of 
automated terminals in China. The Ports 
of Shanghai and Qingdao have both 
recently opened some of the largest, 
fully-automated terminals in the world. In 
2017, the Port of Qingdao deployed a fully-

automated terminal with a segregated ASC 
end-loading layout using Lift AGVs (L-AGVs). 
L-AGVs were first used at the Maasvlakte II 
developments in Rotterdam and support 
decoupled transport with the waterside ASC 
and L-AGVs. Qingdao’s automated terminal 
has achieved some of the highest QC rates 
recorded by an automated terminal, with a 
focus on helping vessels achieving over 40 
gross moves per hour.

THE FUTURE OF AUTOMATED TERMINALS
There will continue to be a wide range of 
solutions that terminal operators adopt 
when implementing terminal automation. 
The location, size, cargo flow, and labour 
constraints of a particular facility are all 
factors that contribute to how and when 
terminals modernise.   

A few key trends emerge after review 
of existing and upcoming automated 
terminal projects:
1. The segregated end-loading ASC layout 

is currently most popular to enable 
full automation and/or decoupled 
horizontal transport. It comes with the 
cleanest approach to safety. On the 
flipside, every import/export container 
has to travel through the entire yard 
block which creates more ASC crane 
movements. 

2. Preference for an alternative CARMG 
operation in Asian ports of Singapore, 
South Korea and Taiwan. Similar to RTG 
operation, there is a significant benefit 
due to the reduced need for yard 
crane movements. However, horizontal 
transportation for land and waterside 
moves is mixed and, therefore, more 
sophisticated safety solutions are 
required. 

3. Interest for less dense automated 
straddle carrier operations in Australia 
(two operational), New Zealand, 
European and US ports (all with 
automated straddle carrier projects 
underway). While this model needs 
more yard space, it is simpler in 
nature since no handshake is required 
between yard cranes and horizontal 
transportation.

4. Growth in RTG brownfield automated 
terminal conversions will explode in 
the coming years. Roughly 60% of the 
container handling systems throughout 
Asia utilise RTGs. We see the main 
reason for this growth because no 
radical layout and operational changes 
are required combined with the fact 
that more and more safety solutions are 
becoming available for mixing manned 
and automated equipment. A stepwise 
approach is available for automating 
RTGs which allows for an easy start that 
is expandable to more advanced levels 
of automation.

5. Autonomous truck technology is 
currently being tested for internal and 
external container transport. Recent 
advancements of AI are enabling 
autonomous vehicles, including 
autonomous trucks. This will lead to 
less complexity when mixing automated 
waterside horizontal transportation 
with manned landside operations. 
Further, due to the much larger 
demand in autonomous trucks globally, 
we eventually expect a benefit over 
AGVs or automated straddles from an 
investment cost perspective. 

At Navis we are investing in smart 
solutions for each of these trends at different 
customer sites around the world because 
every terminal has specific priorities and 
preferences when modernizing. We also 
offer to help manual terminals with their 
modernization planning, e.g.  by analysing 
pros and cons of the various available 
automation options operationally and 
also how they affect IT systems and the 
integration between them.
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CONTAINER HANDLING 
IN PARTNERSHIP WITH: 

Every container handling solution produced 
by Kuenz is the result of the highest level of 

innovative spirit. It is the essential basis for great 
ideas, which our employees turn into reality 

with their commitment and their professional 
expertise. Proprietary designs, e-technology 

and production leads to the creation of products 
and services that meet the changing market 
requirements and the specific needs of our 

customers to the highest level.



CONTAINER HANDLING 
IN PARTNERSHIP WITH: 

Kalmar, part of Cargotec, offers the widest 
range of cargo handling solutions and services 

to ports, terminals, distribution centres and 
to heavy industry. Kalmar is the industry 

forerunner in terminal automation and in energy 
efficient container handling, with one in four 

container movements around the globe being 
handled by a Kalmar solution.



Societal and mediatic discussion about 
technology has in recent years been heavily 
focused on artificial intelligence (AI). This 
expression and the hype surrounding it 
gives rise to strong emotions: it is either 
extremely exciting or terrifying depending 
on whom you ask. Perhaps the only 
somewhat universal sentiment is that of 
confusion or ambiguity as to what all of this 
means. There being no shortage of articles 
written on the subject of AI in general, in 
the following we will simply shed some 
light on how this technology can be used 
in terminal operations for improved eco-
efficiency and productivity.  

WHAT IS AI AND WHAT MAKES IT USEFUL?
In the Middle Ages philosophers looked at 
the night sky and wrote down the position 
of stars; using mathematics it became 
possible for the philosophers to foresee 
future positions based on previous ones. 
Today this kind of intelligence normally 

associated with humans is increasingly 
done by computers and this reasoning 
is called “artificial intelligence”. With 
computers available to do most of the 
hard lifting it has become possible to study 
more complex problems than mapping the 
positions of stars. Contemporary examples 
include targeted internet ads based on 
browsing history, suggestions of people 
to connect with on social media based on 
current contacts and fingerprint or facial 
recognition for unlocking a smartphone.

In the global logistics industry and 
for container terminals in particular the 
relevance of AI lies in deciphering patterns 
in the thousands of factors that affect 
operations. These can be related to the 
machines and their work cycles, to the 
containers being moved, the incoming and 
outgoing vessels, the gate, the yard and 
even external factors such as the weather 
or tidal waters. In the above example 
of movements of stars, it is possible for 

humans to draw the coordinates on a piece 
of paper, connect the dots and predict 
future behaviour. 

The power of AI comes because this 
same fundamentally simple reasoning can 
be applied to systems with seemingly so 
many parameters that the human mind 
struggles to keep track of all of them. 
Fortunately, computers have no trouble 
with simultaneous processing of a multitude 
of parameters and can furthermore be 
programmed to find relevant dimensions 
through a process called feature engineering, 
potentially simplifying things but without any 
guarantee of success. In terminal operations 
one typically encounters problems that do 
not necessarily have exact solutions or else 
are not solvable in a reasonable amount of 
time. While waiting for quantum computers 
to become a commodity, this implies that 
trade-offs always need to be made -- the 
best one can do is to find a good-enough 
approximation. 

DATA AND AI DRIVE 
ELECTRIFICATION AT 
CONTAINER TERMINALS
By Dr Hanna Grönqvist, Data Scientist, Data Driven Services; 
Pekka Mikkola, Director, Data Driven Services, Cargotec
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UNLOCKING BUSINESS BENEFITS 
USING AI - THE PATH TOWARD FULL 
ELECTRIFICATION
There is constant pressure on terminal 
operators to improve both efficiency 
and productivity at the same time as the 
global logistics industry grows. The overall 
volume of containers moved across the 
globe increases and this development 
is accompanied by new and ever more 
stringent regulations on sustainability 
entering into force. The apparently 
conflicting nature of these two outlooks is 
fruitful ground for innovation: through the 
smart use of data efficiency improvements 
and emissions reductions can be attained 
and global trade can continue all the while 
supporting the battle against climate 
change. Furthermore, allowing the 
continuation of global trade means that 
billions of people in developing countries 
can be given opportunities for livelihood, 
be lifted out of poverty and improve their 
standard of living in a sustainable way.

Kalmar started its electrification journey 
almost fifty years ago, concretely taking 
action to develop new technology. The 
company’s rail-mounted yard crane offering 
has been electrically powered for decades, 
and the world’s first mains powered RTG 
was introduced already in 2002. Today, over 
50% of Kalmar cargo handling equipment is 
available with electric power sources.

The first steps of becoming the leader 
in introducing diesel-hybrid solutions have 
recently been continued with offering 
electrically powered solutions such as 
Kalmar FastCharge to the market, and as a 
company, Kalmar is committed to providing 
the entire range of container-handling 
equipment with fully electrical drivelines 
in 2021. In the existing equipment offering 
there are also machine types that apply 
active energy recovery in the course of 
normal operations. For straddle carriers 
with hybrid and electric drivelines, the 
maintenance-free regenerative energy 
system converts braking and spreader 
lowering energy into electrical power and 
stores it in a state-of-the-art on-board 
lithium ion battery system.

The key takeaway in transitioning to 
electrically powered machines is that 
machines cannot be considered as 
separate entities but the overall operation 
needs to be understood and this is where 
data analytics comes in. In comparison 
with diesel drivelines, electrification brings 
many more and new types of constraints 
that need to be simultaneously balanced: 
drivelines, battery chemistries, depths 
of charge thresholds, chargers, charging 
opportunities and grid requirements just 
to name a few. Compared to the diesel 
driveline, electric machines need to be 
charged more often and at the right 

time, maintaining the state of charge at 
a safe level and maximally supporting the 
operations. This means that the location 
and timing of charging needs to be 
planned.

AI-POWERED TOOLS AS A BASIS FOR 
ELECTRIFICATION
A data-driven approach to understanding 
the needs of a given terminal is studying 
the current operations and computing 
the energy needed for accomplishing 
them. In this way the dynamic energy 
requirements can be mapped and only then 
can infrastructure installations (greenfield) 
or upgrades (brownfield) be planned. 
Understanding the key elements in 
operations such as container masses, work 
cycles and driving patterns have enabled 
Kalmar’s energy modelling capabilities and 
the creation of AI-driven energy models 
for different equipment types. Without 
the globally collected telemetry data from 
Kalmar equipment such analyses would 
be impossible to do, showing just how 
data drives innovation and brings about 
unexpected and potentially life-changing 
insight and solutions.

In practice the use of AI-powered 
modelling means that a customer can 
describe their operations with a set 
of key parameters that serve as input 
and giving as output an accurate plan 
including equipment deployment, charging 
events and their timing together with 
the positioning of charging stations. It is 
important to note that the quality of the 
output depends on the quality of the input 
as the saying “garbage in, garbage out” goes. 
Quite concretely, the better the relevant 
processes and operations are understood, 
the better the predictive power of this AI-
enhanced optimization tool. 

SUSTAINABLE END TO END CONTAINER 
OPERATIONS
Modelling the energy consumption of 
machines is not the end of the story: 
when planning for electrification multiple 
external factors also come into play. One 
of the main questions is that of securing 
and optimizing the electricity supply, 
in particular for brownfield terminals 
where the current infrastructure may be 
inadequate or economically prohibitive 
for the heavy consumption of a fleet of 
electrically powered machines. Electricity 
providers therefore have an important 
role to play in setting up the best possible 
infrastructure.  Once the energy modelling 
has been done with the help of AI, 
terminal operators may choose their 
preferred origins of energy considering 
their respective environmental impacts 
together with costs, resulting in emission-
free end to end container operations.

Summarizing the main opportunities and 
challenges presented above, we emphasize 
that first of all, the globally observed mega 
trend of electrification exposes a vast 
opportunity for cargo handling operations, 
allowing full end-to-end processes to rely 
on sustainable energy. Secondly, the mega 
trend of AI has already proven helpful in 
understanding the extremely complex 
system that a container terminal is. Thirdly, 
Kalmar believes that data-driven methods 
such as AI are crucial for making the 
transition to electrically powered fleets 
possible in a judicious and factual manner 
instead of having to resort to speculation 
and uncertainty.  
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TMEIC Corporation (TMEIC), which is 
headquartered in Roanoke, Virginia, USA, 
has managed to meet the ever-increasing 
demands of customers globally by 
delivering over 600 auto stacking cranes. 
From facing the ice and snow of New Jersey 
to the arid heat and dust of Abu Dhabi and 
points beyond, TMEIC has accomplished 
world class automated performance which 
drives world class terminal productivity.

TMEIC provides the automation 
systems which manage the operation of 
cranes in varying degrees of semi or total 
automation. Our experience integrating 
advanced automation on high speed 
rail mounted gantry cranes, wide span 
intermodal cranes, and both single and 
double cantilevered rail mounted stacking 
cranes is extensive.  

The following is a short list of important 
lessons TMEIC has learned over the last 
16 years on nine different sites globally, 
through 17 major project efforts.  

LESSON ONE: FUNCTIONAL 
SPECIFICATIONS…  
SETTING MUTUAL EXPECTATIONS
A functional specification is the written 
description of how a completed system 
should perform.  It drives the discussion of 
how your terminal will perform and how 
your vendors will deliver what you need. It 
is the first step for a vendor in developing 
a control system concept based on user 
requirements and identifying the system 
requirements regarding data gathering, 
interfaces, environment and technical and 
physical constraints. It is focused on how 
the automation system will operate in 
production, how various elements of the 
system will interact and function together, 
how safety systems will behave, and many 
more concerns.

The discussion and development 
of a functional specification between 
automation supplier and end user should 
happen at the earliest stages of the 

project. It provides information to assist 
the automation supplier is understanding 
what functionalities the customer desires 
and why.  It also reduces the likelihood 
of any misunderstanding as to what the 
customer wants and what the automation 
system vendor can provide. 

Most project schedules are so 
compressed that this important 
conversation is often overlooked, 
minimised, or eliminated. Therein lies the 
foundation of much frustration between 
the owner’s project team and the vendor.

The lesson learned is that by having 
these types of detailed essential 
discussions at the beginning of the project 
one eliminates possible expectation gaps 
between customer desires and vendor 
deliverables. It increases the chances that 
what the automation system provider 
delivers will satisfy not only the technical 
requirements specified by the crane 
builder but also the specific needs of the 

DELIVERING 600 
AUTO STACKING CRANES
FIVE LESSONS LEARNED
John Huschilt, Sales Application Engineer/Crane Systems, and 
Alan Peterson, Business Segment Leader/Crane Systems at TMEIC
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end user. Such a process also avoids rework 
and saves everyone valuable time at all 
stages of development, implementation 
and production. 

LESSON TWO: CIVIL WORKS… 
THEY MATTER
Civil works matter, and they matter a lot. 
Across many different projects, TMEIC 
has frequently experienced two major 
concerns regarding civil works which have 
impacted both start up schedules and 
terminal productivity.

We find the first problem caused in 
the building of an automated terminal to 
be that most terminal operators do not 
give themselves enough time to do the 
civil works construction. This then leads 
to time compression for the balance of 
project deliverables.  

Most project cycles work backwards 
from a ‘go live’ date when the terminal 
needs to be ready to service ships and 
start making money. Often, this ‘go live’ 
date has production contracts associated 
with it which put an even greater urgency 
on completion. The ‘go live’ date is fixed, 
so when civil works take more time 
than expected every other downstream 
commissioning effort suffers a shortened 
time allotment in which to deliver.  

Vendors delivering sub-systems are 
all negatively impacted when time is 
compressed.  Delivering an excellent 
commissioning outcome is the goal of 
every equipment vendor on the project, 
and delays in civil work cause significant 
problems in delivering the desired result.

A second problem caused by civil works 
which were not planned and executed well, 
is a hit to the productivity of the terminal 
after operations begin. Many port projects 
are built upon reclaimed land or land that 
has stability issues inherent to coastal 
areas. Terminals may underestimate the 
amount of below grade structure required 
to adequately support the rail systems 
needed for heavy stacking cranes. When 
terminal operators underestimate the 
amount of support needed to keep rail 
systems straight and level over many years 
of operational use, the result is reduced 
productivity of one of the most crucial 
asset groups at the terminal.

Our industry demands that automation 
systems deliver millimetre level accuracy. 
It doesn’t take much of a shift in the 
crane’s position due to deteriorating 
rail systems to cause highly accurate 
automated actions to deteriorate. In 
addition to lost productivity, the resulting 
efforts to maintain rails, adjust and 
calibrate lasers, and deal with excess wear 
and tear on mechanical components in the 
crane all cause increased down time and 
lost productivity for the port.

The lesson learned is that a decision 
to shortcut civil work design or poor 
execution of civil work installation will 
haunt an automated terminal for the 
balance of its life. Civil works matter, and 
they matter a lot.

LESSON THREE: IT’S WEATHER…  
DEAL WITH IT 
It doesn’t matter where on the globe an 
automated terminal resides, weather is 
always going to play a role in how well the 
terminal operates. The challenge to the 
automation supplier and the crane builder 

is how to mitigate the effect of weather on 
the performance of the crane.

Laser sensors in the market today have 
evolved a great deal over the last 15 
years. Even so, there is no perfect sensor 
for every task, and no perfect software to 
meet every challenge.  Custom software 
tools provided by the automation system 
provider enhance the laser sensor’s ability 
to perform in most kinds of weather.  

Dealing with rain and snow were the 
early successes of signal filtering. At one 
of TMEIC’s project sites we recently saw 
the adjacent international airport shut 
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down due to a heavy snowstorm while the 
terminal continued to run in automated 
mode. The automated systems were able 
to filter out the impediment of snow on 
laser signal response and still manage to 
locate targets and deliver box moves as 
designed.

The lesson learned is that dealing with 
weather induced obstacles is not easy.  
A terminal should ensure the selected 
automation system supplier is well 
positioned to address a number of severe 
weather conditions that may arise. 

LESSON FOUR: REMOTE CONNECTIVITY… 
GOT TO HAVE IT
Cyber security is a must in today’s 
environment where hackers are constantly 
trying to upset our networks, steal our 
data, and impact our ability to conduct 
business. The challenge for machine 
builders and automation suppliers alike is 
the need to balance cyber security with 
the need to remotely access machines and 
software platforms during commissioning 
and start up.

Having high demand software experts 
sitting for weeks on every project start up 
location is no longer feasible. The ability 
to access machines and software systems 
remotely has matured and stabilized to 
the point that experts are likely most 
effective in supporting a project from their 
primary office. The same can be said for 
highly skilled mechanical design engineers 
who do the same for mechanical systems.

Terminals continue to further restrict 
both remote and local access to their 
cranes and systems. This is an obvious 
and justifiable action to help protect 
themselves from the all too common 
security threats that abound. But here 
is where issues arise for suppliers trying 
to deliver an excellent on-time project 
outcome.

The typical commissioning field 
engineer is adept at solving a wide array 
of problems and concerns when bringing 
to life complex, highly technical systems 
which control auto stacking cranes. There 
are times however when the oversight of 
an expert is needed to help the on-site 
engineer fine tune and adjust systems. 
With remote connectivity help is only 
minutes away, and solutions can be 
determined and applied rapidly.

The lesson learned here is that a 
discussion needs to happen in the very 
early stages of a project to determine 
how the terminal operator is going to 
allow remote access to the equipment 
and software being delivered.  At the 
same time, they must ensure their cyber 
security is not compromised.  This is not 
an easy discussion, but one that must take 
place.

LESSON FIVE: LOWEST COST… 
NOT ALWAYS BEST
From big industrial organizations to our 
own personal pocketbook, each one of us 
must manage our budgets and evaluate 
the benefit of an item against its cost. 
Most of us would love to buy the “top-of-
the-line,” but somehow our pocketbook is 
not always deep enough to facilitate such 
a purchase.

Over 16 years of delivering auto stacking 
crane systems, we have seen the mania for 
low initial cost drive bad outcomes many 
times. We have seen terminals deal with 
the aftereffects of decisions that were 
made to save cash early on, but resulted 
in unreliable equipment and ongoing 
civil work repair. This has led terminals to 
operate at reduced capability leading to 
increased operational costs and reduced 
productivity. Hindsight is of course perfect.

Just a short list of examples for this lesson:
• Civil Works 
 o Discussed above.  
• IT Infrastructure 
 o  Equipment that works great in an 

office environment will not always 
work great on a crane, or in an 
outdoor enclosure exposed to heat 
and cold. Routers that will work for 
years in an office utility closet, will 
fall apart from the vibration and 
shock of riding on a crane. Spend 
the money for hardened equipment 
that will endure the stress of the job 
it is intended to do.

 o  Outdoor networks are different 
than indoor networks. When laying 

out the civil works to include 
underground pipes for IT backbone 
infrastructure, be sure to add 
more pipes as spare than you think 
you need. It is not easy to run 
an additional fiber line through 
the dirt and concrete of your 
stacking yard after it is built. Set 
up the future of your underground 
outdoor network for expansion, 
maintenance, and even things you 
cannot anticipate.  

• Total Cost of Ownership
  o  There are often substantial 

differences in the total cost 
of ownership equation from 
one vendor to another. One 
should consider the ongoing 
costs of items, like mean time 
between failure for machine 
systems, how long it takes 
to repair major components 
when they do fail, cost of 
spares, availability of service 
technicians, availability of 
remote support systems, the list 
goes on. Failing to incorporate 
the experience and expense 
of living with the equipment 
after the commissioning team is 
done and gone is big mistake.

The lesson learned here, buy on value 
within the limits of your budget. Buying 
the least expensive today may look good 
for the initial capital budget, but could 
have major, long lasting ramifications 
affecting the terminal’s operational budget 
for years to come. 
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Predic� ve Analy� cs is used at a container 
terminal in Hamburg. By predic� ng the 
way of ongoing transport and the � me of 
pickup it is possible to increase handling 
effi  ciency and to maximize the trading 
volume on a limited storage space.

STATUS QUO 
In today’s container logis� cs landscape 
informa� on is distributed unevenly. While 
there is GPS data readily available and 
many terminals are highly automated, the 
informa� on link to the hinterland is rather 
weak. As a consequence, most ports do 
not know when and how a container will 
be picked up a� er it arrives by ocean 
carrier.

A� empts have been made to increase 

exchange of informa� on, but there are 
many small stakeholders in the transport 
business. There is small incen� ve for a 
small lorry-transport company to introduce 
planning so� ware or even to decide in 
advance when to pick up a container. 
Moreover, ports rely heavily on computers 
and since A.P. Moller-Maersk was hit by 
ransomware in 2017 that caused a huge 
amount of damage, it is good prac� ce to 
reduce connec� vity to the outside.

SOLUTION
The approach discussed here accepts 
that the ordering party does not provide 
the wanted informa� on. Instead, all 
automa� cally available informa� on about 
a container is collected and Predic� ve 

Analy� cs is used to iden� fy and learn 
from the pa� erns in the data. This enables 
terminals to predict the pickup-� me and 
the type of pickup-transport, i.e. train, 
vessel, lorry, etc. This informa� on can be 
used to drop containers at designated 
areas for the specifi c transport type. 
Furthermore, containers can be stacked 
with the fi rst container to be picked up on 
top. 

This can reduce the amount of � mes a 
container has to be moved by more than 
50%. This is especially important for ports 
in densely populated areas where storage 
capability is limited. The capacity of a given 
area can be increased by up to 30%.

PRIMARY SOURCES 

HOW TO INCREASE 
EFFICIENCY OF CONTAINER 
HANDLING IN PORTS USING 
PREDICTIVE ANALYTICS
Dr. Jan Thomsen, Managing Partner, SimCog Technologies
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The main source of data is related to the 
transport of the container as the consignee, 
the shipping line, port of loading, size 
of the ship and other containers on this 
ship related to the container in ques� on. 
The second source of data is connected 
to the container itself. The Customs Tariff  
Number is most important in this dataset, 
but also the size of the container, the 
number of posi� ons, and if the container 
is refrigerated infl uence the predic� on.

Compared to other industries this data 
can be considered rather clean. S� ll one 
of the major challenges is the “cleaning” 
and accumula� on of data. One example 
being the matching of diff erent spellings of 
the Consignee’s name in order to combine 
data for a par� cular consignee and allow 
for more precise predic� ons. Features, 
such as the average dwelling-� me for a 
consignee, are constructed from this data. 
These features are used as input to the 
machine learning algorithms. 

GETTING TO THE ROOT
One demand on this solu� on is the 
large amount of data that needs to be 
processed. To account for this demand 
the ROOT so� ware developed at the CERN 
par� cle accelerator is used, op� mized for 
the use on very large data sets. Another 
challenge for this solu� on is to account 
for seasonal changes as well as gradual 
shi� s due to changes in economics and 
container handling. Data from more than 
one year ago needs to be used to iden� fy 
seasonal pa� erns, but the weight of 
these data points needs to be suffi  ciently 
reduced to adapt quickly to changes in the 
transport behavior.

The processed data is fed into a pa� ern-
recogni� on so� ware that learns or “trains” 
on the data from the last few years of 
container handling and calculates the 
predic� ons for any incoming container. In 
this case a mul� -layered neural net and 
a tailor made XGBoost Algorithm were 
applied. This self-learning approach is key 
to the solu� on, as complex pa� erns have 
to be learned and the so� ware needs to 
be able to adapt to changes as quickly as 
possible. 

IMPLEMENTATION 
The workfl ow is implemented as so� ware 
that providing REST predic� on service in 
the IT-environment of the port. This also has 
the advantage of real-� me predic� ons and 
reduced dependence on outside systems. 
As this so� ware does not depend on the 
system in place, the implementa� on into 
the port systems is rather simple and does 
not need a long implementa� on project. 
For ongoing quality control, the real dwell-
� mes are compared to the predic� ons. 
This result can be monitored by the port 

operators themselves or externally by 
SimCog. It is also possible to generate 
automated warning mails if the predic� on 
quality falls below a certain threshold.

The features, that determine the 
movement of the containers, can diff er 
between ports. The self-learning nature of 
this solu� on allows for these diff erences 
and easy adop� on of the so� ware. If 
addi� onal data is available, port-specifi c 
features can be constructed and used in an 
individualized solu� on.

Using SimCog so� ware at the Eurogate 
Terminal in Hamburg the type of transport 
could be predicted correctly over 85% of 
the � me. The average diff erence between 
predicted and real dwelling � me is less 
than 2 days. This can reduce the amount 
of � mes a container has to be moved by 
more than 50% and the capacity of a given 
area can be increased by up to 30%.

OUTLOOK
The technology discussed can be 
implemented in any port that has enough 
data to learn from. Especially lorry 
companies transmit the � me of pick-up 
least o� en. Therefore, the so� ware has the 
highest impact in ports with a large part of 
containers being picked up by lorries.

When the so� ware trains on the data 
of each port separately, the solu� on is 
already individualized, but the kind of data 
used is the same. To improve the quality 
of the predic� on even further, it is possible 
to include individualized data like changing 
train schedules or traffi  c informa� on. 

ABOUT THE AUTHOR

Dr. Jan Thomsen received a PhD in physics 
in 2012 for searching for new physics in 
the very large CERN datasets. In 2012 he 
co-founded SimCog Technologies to apply 
machine learning techniques to business 
related use cases. Since then he has 
headed the Data Science Team at SimCog 
leading to a lot of experience in successful 
AI-projects

ABOUT THE ORGANISATION

SimCog is specialized in tailor-made 
data analy� cs and predic� ve analy� cs 
solu� ons. The team of data scien� sts from 
CERN apply machine-learning techniques 
to achieve the maximum forecast quality. 
SimCog delivers forecas� ng solu� ons in 
logis� cs, that are implemented in the 
IT-systems of SimCog’s customers. The 
large amount of available data in ports 
make them a perfect use case for this 
technology.

ENQUIRIES

Dr. Andreas Muth
Tel: +49 40 466 5658 02
Email: muth@simcog.de
Website: simcog.de

Container-stacking before and after implementing self-learning algorithms 

WWW.PORTTECHNOLOGY.ORG38   EDITION 95

CONTAINER HANDLING CONTAINER HANDLING 



TERMINAL PLANNING 
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terminal industry. Our gate, crane, rail and 

yard automation are part of the solutions and 
services that help terminals improve their 

efficiency and productivity.



The opportunities and challenges of 
autonomous vehicles in passenger and 
freight traffic have become a major issue 
in the discussions about future transport 
systems. However, many questions remain 
regarding what impact autonomous 
developments in rail, road and waterborne 
transport will have on ports. 

Questions range from how should ports 
prepare for the arrival of autonomous 
vehicles – including infrastructure 
requirements – and how they can develop 
suitable environments . 

DRIVING DEVELOPMENT 
A wide number of ports are already 
preparing themselves for autonomous 
vehicles, in particular  the large and 
technologically advanced ones. This 
is partly driven by the need to remain 
competitive if autonomous vehicles join 
the markets. As infrastructure investments 
are made to last 30-50 years, future 
investments should be based on future 
technology developments.

But what are the reasons that drive 

developments in autonomous driving? 
Most stakeholders expect a rise of 
efficiency, a decrease in staff costs, a higher 
safety level and more efficient operations. 
However, as autonomous driving is still in 
its infancy, there remains the possibility of 
accidents in more difficult traffic conditions 
and a transition period. Higher automation 
means more communication interfaces 
and greater cyber security efforts to ensure 
reliable systems. 

Among the companies and entities 
that own and regulate infrastructure 
components and facilities, there is 
a diffused feeling about the future 
development of autonomous vehicles, 
with necessary  still  unclear.

MODES OF TRANSPORT 
Today’s status of autonomy varies from 
one transport mode to another (Figure 1). 
Railway transport for example has already 
reached an autonomy level of three out of 
four, due to the dedicated track body and a 
mature control technology. Road transport 
is estimated at a level of three out of five, 

whereas waterborne transport lags behind 
at level three out of six. Naturally, these 
graduations are not exact classifications 
as there are examples for higher grades in 
each mode, but they are widely accepted 
and provide a useful orientation.

The realization of full autonomy of 
vehicles is tied to specific infrastructural 
prerequisites, which have yet to be created. 
This also applies to port IT infrastructure, 
such as the availability of sufficient 
transmission masts, sensors or antennas. 
In the following, the different transport 
modes in ports are analysed concerning 
the requirements they pose for ports (see 
Figure 2). 

GROUND TRANSPORT AUTOMATION 
Autonomous road transport has gained the 
most publicity in recent years compared to 
other transport modes, as it affects people’s 
everyday lives. Technical applications are 
available and find use in large numbers, 
from different sensor types and data 
processing competence on the side of 
the vehicle to cameras, HD Maps, Global 

PLANNING FOR 
AUTONOMOUS VEHICLES
Claudia Bosse, Senior Scientist and Ralf Fiedler, Group Leader, Ports and Transport Markets at 
Fraunhofer Center for Maritime Logistics and Services (CML)
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Navigati on Satellite Systems (GNSS, such 
as GPS and Galileo), and “smart roads”. 
Nevertheless, unti l today autonomous 
road transport has not been realized. Due 
to the point-to-point character of transport 
rides, the complexity of road traffi  c is quite 
high as many tasks, such as parking and 
manoeuvring, must be conducted safely. 
There are sti ll hinderances in the practi cal 
realizati on when an autonomous vehicle 
would stop due to its driving specifi cati ons. 
Furthermore, regulatory issues and 
concerns from insurance providers have 
yet to be solved. 

Autonomous railway transport seems 
to be no problem when it comes to 
autonomous driving, as trains are bound 
to use tracks and shunts, signals and other 
traffi  c control infrastructure are already 
digitalized in large parts. But this only holds 
true for passenger transport, which is a 
quite closed system. In goods transport, 
the framework conditi ons are more 
challenging due to unregular and volume-
dependent traffi  c, for example, between 
ports and hinterland. And not least, the 
savings railroad companies can expect 
from automati zati on do not play a crucial 
role in their expenditure budget.  

AUTOMATION AT SEA 
Autonomous waterborne transport in 
ports can be disti nguished in the fi eld of 
merchant and working vessels, such as tug-
boats, dredgers or cranes, and in passenger 
ferries. Merchant vessels have a quite high 
potenti al for automati on. Diff erent sensor 
developments have led to technology 
which is able to gather informati on on the 
environment. Equipped with these and 
the intelligence to react accordingly to the 
Internati onal Regulati ons for Preventi ng 
Collisions at Sea (COLREGs), vessels could 
be enabled to steer autonomously at least 
in parts of long voyages. But due to possible 
failure of the technology on board,  sending 

merchant vessels alone on weeklong 
voyages is not a priority. Especially not, 
as the expected savings do not meet the 
need of investments at this early stage of 
technological readiness. However, some 
assistance systems are being considered. 
There is a huge interest from ship owners 
and managers to implement systems that 
help the offi  cers to communicate and 
navigate safely. Automati on technology on 
board of ships may also free offi  cers from 
duti es on watch, as sensors are able to act 
likewise and without fati gue .

When it comes to working vessels, 
developments today point in the directi on 
of remote control from the landside 
to conduct safer and more effi  cient 
manoeuvres with fewer staff . Here also a 
plethora of sensors are needed to hand 
over mooring ropes, steer a tugboat 
from shore and moor a vessel safely. 
Nevertheless, these topics are currently 
under development in European research 
projects. 

DRONES 
The use of unmanned aerial vehicles (UAVs) 
in Ports is sti ll yet to be proven. Due to 
the regulati on of drone piloti ng, there are 
very limited possibiliti es to employ drones 
sensibly. The authority to allow drone 
fl ights usually lies in the hands of the port 
authority and the owner of the property, 
e.g. the terminal operator. Regulati ons 
concerning the fl ight over waterways and 
other infrastructure may furthermore be 
restricted by local administrati on to keep 
them free of harm. Few areas remain 
where the deployment of drones may fi nd 
a business case. Examples are services on 
terminals, such as automated fl ights for 
inspecti on or stocktaking. The delivery of 
documents and small items may be another 
use case for drones that has the potenti al 
to reduce delivery rides. A prominent test 
case in the Port of Singapore developed 

aerial corridors from shore to anchorage 
to send documents, medicaments or even 
food supplies to ships at anchor. From the 
readiness level, UAVs prove the highest 
automati on level, as they are already in a 
state to start and fl y autonomously and to 
land in especially marked areas on board 
and on land.

TRAFFIC CONTROL 
Intelligent transport systems (ITS) 
are IT-frameworks to make transport 
infrastructure safer, more effi  cient and 
more reliable. In the early days of traffi  c 
control ITS appeared in form of fl exible 
speed and traffi  c congesti on indicators 
at highways. Today traffi  c management 
and informati on is not only displayed on 
screens, but also on navigati on charts such 
as electronic chart display and informati on 
system (ECDIS), in port traffi  c management 
centers and on all kinds of smart devices. 
To ensure the proper processing and 
displaying of all the informati on, ports and 
the responsible regional authoriti es must 
gather reliable informati on on all vehicles 
moving in the port and understand which 
informati on is needed to make the traffi  c 
fl ow safely. 

WHAT CAN PORTS DO? 
Taking everything into considerati on the 
crucial questi on is what ports can do to 
prepare for the vehicles to come? 

Some developments have not reached 
fruiti on, such as nameable investments in 
sensors, displays and other technologies. 
However, enabling road infrastructure 
to show clear markings for vehicle-side 
sensors could be a valid measure. Clearly 
defi ned driving lanes in ports and at 
terminals are an important prerequisite for 
the transiti on period, when autonomous 
and manual vehicles share the same tracks.

Concerning railroad traffi  c, ports and 
terminals do not have many opti ons 

Figure 1: Autonomy levels of different transport modes
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to foster automati on. As rail traffi  c is 
closely bound to the railroad network, 
requirements to the network must mirror 
the port and terminal rail system. That 
probably requires that in the nearer future, 
shunts and signals must be enabled to be 
compati ble to IoT applicati ons.  

PREPARING FOR AUTONOMOUS VESSELS 
The appearance of autonomously 
navigati ng and manoeuvring vessels may 
sti ll lie some years ahead. Nevertheless, 
at an earlier stage remotely controlled 
ships might enter the port and vessel 
traffi  c centres should ask themselves 
what this requires. The instalment of 
a reliable IT infrastructure to prevent 
cybercrime is an important investment 
and the most important prerequisite for 
all autonomously driving vehicles. This also 
applies for the provision of HD maps of the 
port and waterways.

Autonomous vessels may furthermore 
need equipment for automated mooring. 
There are currently few technical soluti ons 
for auto-mooring, and it cannot be expected 
that all soluti ons are compati ble with each 
other. Therefore, a recommendati on must 
be to stay informed about the future 
developments. 

IMPLEMENTING DRONES 
The implementati on of drones in ports 
must accept the regulati ons according 
to fl ying over property, people, ships, 

infrastructure and dangerous goods. A 
spontaneous fl ight does not seem possible. 
Therefore, the stakeholders involved in 
drone use should fi nd ways to enable 
drone fl ights in dedicated corridors if they 
see use cases that make the eff ort worth. 

Overall, the most important challenges 
for ports facing the arrival of autonomous 
vehicles include infrastructural 
requirements to IT infrastructure, 
waterways, quays and road infrastructure. 
Furthermore, the issues of data protecti on 
and IT security requirement must be 

tackled and regulatory requirements need 
to be fulfi lled.

There is ti me to work on these tasks, 
not only in a port alone, but also jointly in 
the European mariti me associati ons and 
organisati ons to develop a harmonized 
infrastructure. Some prognoses expect 
smaller, but more fl exible vessels in the 
next years. They might lead to a disrupti on 
in established ports and transport routes, 
as we have seen it in the other directi on 
with the ULCV, passing Hamburg and 
steering into the Balti c Sea directly.
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Figure 2: Overview on prerequisites for autonomous vehicles in ports
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The recent realignment across all sectors of 
the supply chain that was set in motion by 
the wave of consolidation in the shipping 
line industry has for the most part stabilised. 
Marine terminal operators, railroads, 
trucking companies and port authorities 
have adapted to handling larger vessels and 
fewer ship calls while working with fewer 
ocean carriers grouped into larger alliances. 

If there is one lesson this experience has 
taught us it is that in order for one segment 
of the supply chain to achieve desired 
efficiencies through realignment, other 
segments have to adapt and compensate 
for those changes with their own version of 
realignment. The interdependent nature of 
the supply chain makes this a requirement.  

For example, when shipping lines 
pursued economies of scale by upsizing 
their vessels, ports responded by upgrading 
their infrastructure. However, today port 
authorities must do more than merely invest 
in their infrastructure in order to remain 

competitive. They have to collaborate 
with their marine terminal operators to 
facilitate innovation, drive efficiencies and 
deliver reliability. Additionally, ports must 
ensure their infrastructure and operations 
are in alignment with the business needs of 
the broader supply chain and the demands 
of the customer. This requires ports to 
collaborate with their industry partners to 
add value to the entire supply chain.

ADDING VALUE VIA ALIGNMENT
Over the span of a decade, the Port of Long 
Beach has executed a $4.5 billion CAPEX 
programme to upgrade infrastructure, 
modernise facilities and to expand our 
terminal and rail capacity. By far, this 
has been the most aggressive capital 
investment program in North America 
to date. However, we recognise that the 
success of our investments could only be 
measured in relation to the value these 
create and add to the broader supply chain. 

Thanks to this investment, Long Beach is the 
only seaport in North America that could 
handle up to 23,000 TEU capacity vessels. 
Although 20,000 TEU ships are not calling 
Long Beach on a regular basis today, this 
capability has positioned our port and our 
partners for commercial success today and 
in the years ahead. In order to maximize the 
value of these investments, our partners 
- the marine terminal operators, labour, 
railroads and trucking companies - have to 
match infrastructure enhancements with 
operational and efficiency enhancements. 
This is an area where port authorities can 
collaborate with our supply chain partners 
to drive innovation. 

PORTS ENABLE SUPPLY CHAIN 
INNOVATION
The advantages of modernisation are 
amplified when infrastructure upgrades 
are matched by operational improvements 
achieved by marine terminal operators, 

LONG BEACH CONTAINER 
TERMINAL RAISES THE BAR
HOW PORT AUTHORITIES PARTNER WITH 
TERMINAL OPERATORS TO DRIVE INNOVATION
Dr Noel Hacegaba, Deputy Executive Director and COO, Port of Long Beach 
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labour, railroads, trucking companies 
and warehouse and distribution centre 
operators that support the supply chain. 
An integrated path from port to hinterland 
is the key to a seamless, end-to-end supply 
chain. This is the best way to ensure that 
the supply chain benefits all, including the 
shipper. To get there from here, technology 
and innovation have to play a critical role.  

One example of this is the development 
of our state-of-the-art terminal we call 
Middle Harbor, the new home of Long 
Beach Container Terminal (LBCT). This 
terminal of the future will have an annual 
throughput capacity of 3.3 million TEU 
at full build-out, effectively doubling 
capacity while cutting emissions in half.  
Its shore-to-ship cranes – the largest in 
the world – utilise dual-hoist technology, 
which means there are two lifting 
mechanisms operating simultaneously 
but independently so that the water-side 
lifting mechanism is continuously lifting 
containers on and off the vessel while the 
landside lifting mechanism is continuously 
lifting containers on and off automated 
yard transport vehicles, with a small buffer 
area onboard the crane itself so that any 
delay or disruption in one side of the crane 
operation does not impact production on 
the other side.

Its rail mounted yard cranes, automatic 
stacking cranes (ASC), are among the most 
sophisticated and fastest moving cranes 
in the world. The ASCs are fully electric, 
which is another significant advancement 
in comparison to the industry standard 
diesel-powered yard cranes. The 
combination of their massive size, which 
allows LBCT to create large blocks of 
densely stacked containers, and their 
impressive speed, which allows them to 
store and retrieve containers in a fraction 
of the time needed by conventional cranes 
in a traditional operation.

LBCT’s rail mounted cranes are also the 
largest of their kind in the world. Also fully 
electric, they provide many of the same 
efficiencies as the ASCs.  The extreme 
width of LBCT’s rail cranes allows them to 
simultaneously serve multiple trains on 
eight separate loading tracks.          

Already, LBCT is one of the most 
technologically advanced container 
terminals in the world. One feature that 
is already delivering impressive results is 
LBCT’s “random stacking” yard planning 
algorithm, which allows truck operators 
that are executing dual-transactions to 
deliver one container, and then pick-
up a second container to and from the 
same location within the container yard, 
with a single piece of container handling 
equipment.  That simple enhancement is 
significantly reducing in-yard visit times 
for truck operators by eliminating the 

need for trucks to queue up for service 
at two separate locations.  This process 
improvement has already helped LBCT 
reduce truck turn times by over 35% 
and allows LBCT to cut operating costs 
by servicing the same level of volume 
with fewer pieces of container handling 
equipment.

TECHNOLOGY AND INNOVATION 
LBCT is just one example of how technology 
and innovation are helping to raise the 
bar on operational efficiencies. The 
timing could not be better.  Increasingly, 
customers are demanding improved 
velocity, visibility, predictability and 
reliability.  

Since the opening of its new facility, 
LBCT has held the top position amongst 
all international container terminals in 
quickest turn times, according to the 
Harbor Trucking Association’s Truck 
Mobility Data powered by GeoStamp.

Under the banner of operational 
excellence, LBCT is raising the bar even 
further by developing an application 
programming interface (API) to integrate 
its terminal operating system with the 
Trucking Management System (TMS) 
used by its drayage partners, making it 
the first marine terminal operator in the 
US to implement an API solution as a 
modern interface for trucking companies 
to integrate with their terminal operator 
partners.

This innovative platform enables the 
immediate and efficient flow of data 
between the marine terminal operator 
and the trucking companies. This seamless 
integration expedites truck transactions at 
the terminal and aligns the needs of the 
trucking company with the operations of 
the terminal.  

These APIs, which LBCT has fully tested 
and validated via its own proprietary Trucker 
Portal website, are aimed at addressing 
challenges of system performance, data 
visibility, key performance indicator 
metrics and administration costs involved 
with dispatching trucks to the terminal.  
Three key APIs are being used today 
– container availability, appointment 
creation and pre-arrival information.  The 
benefits of the new platform include the 
automatic creation of appointments as 
soon as containers become available, the 
automatic cancellation of appointments 
that cannot be kept allowing for that 
time slot to be made available to other 
truckers and the automatic grouping 
of appointments to facilitate dual 
transactions.

In addition to the near-term benefits, 
this platform allows LBCT to develop new 
APIs in the future that would enable the 
terminal to push information out to the 

TMS which would eliminate the need for 
a truck driver to provide information such 
as container number, seal number, time 
container was delivered and the time a 
container was received and more.

CONCLUSION
The recent disruptions to the supply 
chain caused by trade policies and human 
viruses have been a sobering reminder 
that disruptions can come suddenly and 
unexpectedly and in many, different forms.  
They also exposed the supply chain’s fragility 
and the need for all of us in the supply chain 
to collaborate with each other to ensure 
an end-to-end supply chain that is fast, 
predictable and reliable. LBCT is a $2.1 billion 
investment between LBCT and the Port 
of Long Beach which is moving America’s 
second busiest seaport into the future with 
state-of-the-art technology, industry-leading 
efficiency and sustainability gains. When 
it comes to innovation and efficiencies, 
partnerships like these help raise the bar and 
lead the way.
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This paper examines the way Tianjin Five 
Continents International Container Terminal 
Co. Ltd. (FICT) in China resolved the ‘mega-
age’ yard challenge by modernizing and 
automating its existing manual RMGs. 
The case study explains the solution 
and improvements in KPIs achieved by 
improving the efficiency of yard operations. 

As discussed in earlier papers written 
by ABB, we inhabit the ‘mega-age’ of 
megaships and consolidated shipping 
lines. It is an era which has forced the 
need to re-equip existing terminals and 
improve efficiency and productivity into the 
spotlight. To avoid becoming a bottleneck, 
the yard of today needs to be equipped 
with solutions that can support the required 
increase in capacity and productivity while 
retaining cost-efficient service to both 
waterside and landside operations.

ABOUT FICT
FICT, which is part of Tianjin Port Container 
Terminal Co., Ltd., is located in the Port of 
Tianjin. With 500 international port calls 
per month and total yearly volumes of 16 
million TEU, Tianjin is the tenth busiest 
container port in the world and the largest 
in Northern China. The port is also the main 
maritime gateway to Beijing and serves as 
a link between the Northeast Asia, Central 
Asia and the Middle East. 

The terminal was built in 2003 and was 
originally designed for annual throughput 
of 1.5 million TEU, which has become 
insufficient in the mega-age. In 2018 the 
terminal’s actual volume clearly exceeded 
the design capacity and reached 2.57MTEU. 

The terminal’s perpendicular yard is 
equipped with 31 RMGs which were 
originally manually operated. It has capacity 

to store containers corresponding 32,000 
TEU. The RMGs at FICT are not typical 
cantilever type cranes. They are specifically 
designed for this terminal and have two 
vehicle lanes within the crane portal on 
one side. This means that both internal 
and external chassis are served in the same 
lane whereas the second lane is used to 
allow the chassis to pass the vehicles in the 
service lane. In addition, some of the cranes 
have a rope tower, while some have reeving 
that resembles a ship-to-shore (STS) crane.

THE BOTTLENECK
FICT identified the need to increase 
the efficiency of the yard early on, 
with congestion resulting in long truck 
turnaround times and the yard filled up 
with containers stacked 5-6 high. Work 
during the night showed low efficiency and 

INCREASING  
TERMINAL 
CAPACITY BY 10% 
A CASE STUDY IN YARD TRANSFORMATION
Björn Henriksson, ABB Ports, Sweden and Lin Hong-Wei  
and Wang Hong-Liang, Tianjin Port Container Terminal Co., Ltd
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there was a huge imbalance in the workload 
between the cranes and therefore between 
crane drivers. The difficulty of recruiting 
crane drivers and increasing labor costs 
added to the problem, further restraining 
the growth in terminal volumes. 

The arrival of mega ships, with a 
requirement to handle 7,000 containers 
in 30 hours, created frequent peaks in 
production and placed new demands on 
equipment performance requirements. In 
effect, the yard had become a bottleneck 
hampering the future development of 
the entire terminal; therefore, the yard 
equipment and processes needed a total 
make over to support larger container 
throughput in the terminal.

RE-EQUIPPING AND AUTOMATING  
THE YARD
In parallel with the capacity limit, after 15 
years in operation the electrical systems 
installed in the cranes had reached 
the stage where refurbishment was 
needed. These circumstances created 
an opportunity for the terminal to raise 
the performance of its yard operations 
to a new level at the same time as it 

upgraded its crane control systems. Thus, 
a decision was taken to automate the yard 
operations, with the target of increasing 
the yard’s production capacity while also 
improving cost-efficiency. 

In the modernization project that was 
executed by ABB, the old crane electrical and 
control systems were fully retrofitted. The 
new systems were fitted in new innovative, 
containerized e-houses that were delivered 
pre-assembled to the terminal to enable 
faster project execution on site. 

Major part of the process on the yard 
was automated. Pick-up and set-down of 
containers on internal terminal chassis 
are now fully automatic, since there is no 
twistlock handling and the automation 
system is equipped with a truck supervision 
function that ensures that the vehicle is 
in the right position and does not move 
during the set-down of the container.

As noted, both external and internal 
chassis are served in the same lane in a 
single-side two-lane operation at FICT. 
Therefore, ABB’s 3D sensor based anti-
lift system is used to scan the vehicle as 
part of the vehicle guidance process and 
verifies the vehicle type to eliminate 

safety risks caused by interference in RFID 
signals caused by vehicles passing by in 
the adjacent lane.  As the cranes were 
automated, the operators also moved 
to a new control room from where each 
operator supervises six cranes. The 
interface between TOS and cranes was 
also upgraded to support the automated 
process and work order handling

Re-equipping 31 RMGs in the yard while 
keeping the terminal fully operational 
during the project was a key requirement 
and careful planning was necessary. A 
40-stage reconstruction plan was created 
in collaboration between nine departments 
affected at FICT. A close collaboration was 
also established between ABB as crane 
control and automation system supplier  
and TOS supplier Navis. The planning 
resulted in a rolling weekly construction 
progress program that made sure that 
enough equipment remained in operation 
while a part of the crane fleet was under 
refurbishment and modernization.

CREATING A FLOW 
The introduction of an automated process 
requires the creation of a flow – a pre-
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defined sequence of events with triggers 
that initiate the next step in the flow. In 
the operation of a perpendicular yard the 
relevant triggers are the vehicle positions. 

At FICT vehicles are monitored in real 
time using a RFID within the terminal’s 
premises, with RFID antennas installed 
at the terminal gate, by the terminal’s 
internal roads and on the yard cranes. 
The instructions and list of work orders 
issued by the TOS are processed through 
an equipment control system (ECS) that 
takes decisions on the sequence based on 
defined criteria such as time, priority or 
energy consumption. 

The vehicles get instructions and drive 
to a specified block and bay close to the 
crane that will perform the pick-up or set 
down of the container. When a vehicle 
approaches the block, the ECS dispatches 
the work order to the crane based on 
information about the vehicle location. 
In the case of external trucks, the TOS 
schedules a work order based on the truck 
‘checking-in’ at the terminal gate and on 
the location of the target block in the yard. 
Ideally, the crane is in the right position 
ready to perform the pick-up/landing 
when the vehicle arrives to minimize the 
waiting time. 

The truck driver can verify that he has 
arrived at the right position from a screen 
attached to the crane which displays the 
registration plate. The crane also verifies 
that the vehicle to be handled matches 
with the work order with help of RFID. 
In case the vehicle does not arrive at the 
crane within the estimated time frame, 
the crane requests remote operator 
assistance.

RESULTS
The transformation project reached all of 
the targets set. Thanks to careful planning 
and collaboration, the terminal remained 
fully operational throughout the project’s 
execution, and the whole project of 
modernizing 31 RMGs was completed in 
13 months. 

The KPIs show that automating the 
RMGs resolved the yard challenge. Yard 
congestion has disappeared as the entire 
crane fleet is now used more efficiently, 
with cranes consistently achieving 30 
container moves per hour day and 
night. The equipment utilization ratio 
has increased by 35%. The higher and 
consistent production has also increased 
the speed of yard turnover, which in turn 
has resulted in fewer containers stored in 
the yard significantly reducing the need to 
stack 5-6 high. 

The container handling capacity at the 
yard has already increased by over 20% 
and is expected to increase even further. 
The turnaround time for road chassis has 

gone down from 51 minutes to 18 minutes. 
On the quay side the ship berthing time 
has reduced by nearly 20% and the STS 
cranes can now perform five more moves 
per hour than before. Measured at the 
terminal level, the yard transformation has 
increased the terminal’s overall production 
capacity by 10%, which allows FICT to serve 
more vessels than before and provide 
more efficient and reliable service to its 
customers both on the water and landside.

It was also remarkable to see that the 
terminal’s capacity increased already 
during the project execution itself. We can 
conclude that the transformation project 
was successful and delivered to the 
requirements and expectations of FICT. The 
FICT case also verifies that transforming 
an existing terminal and eliminating the 
bottleneck allows an existing terminal 
to increase its capacity and thus remain 
relevant in the ‘mega-age’. 
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THE YARD TRANSFORMATION IN NUMBERS

10% increase in the terminal’s production capacity 
35% increase in equipment utilization
20% increase in container handling capacity at the yard
Monthly average moves/hour at the yard: 30
Number of moves/hour at the quay up by 5 moves
Truck turnaround time down from 51 minutes to 18 minutes
The yard was fully operational throughout the project
The entire project was completed in 13 months.
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The UK Government recently launched 
a consultation on its proposed Freeport 
policy. 

The consultation paper describes 
Freeports as “innovative hubs which boost 
global trade, attract inward investment and 
increase prosperity in the surrounding area 
by generating employment opportunities”.  
The government aims to create up to ten 
Freeports across the UK and, building on 
the work done by the Freeports Advisory 
Panel, is now consulting on the form which 
these should take. 

But what does the government mean 
by a “Freeport”? Why is the Government 
proposing them now, and what 
opportunities do they offer? 

WHAT ARE FREEPORTS?
A freeport is an area inside a country, 
typically around a port or airport, which is 
legally outside the customs territory of that 
country. This allow firms to bring goods 
into the free port, store or process them, 
and then import them or “re-export” them 
outside normal tax and customs rules.

Freeports are not a new idea – the 

ancient Phoenicians had them, and they 
were the source of wealth for 15th century 
Hanseatic ports like Hamburg, Bremen and 
Copenhagen as well as the Renaissance 
ports of Trieste, Venice and Marseille. 
Today, both developing and developed 
countries have revived the idea, with recent 
success stories claimed in Dubai, Shenzhen, 
Tangier, Shanghai and in the south eastern 
ports of the US.

Essentially, a free port works like this. 
• Raw materials or semi-finished goods 

landed at the free port do not incur 
domestic import duties or taxes, 
because a different regime applies 
within the free port area 

• The goods are stored or can be 
processed within the free port boundary 

• Domestic import duties or taxes are only 
paid (and often at reduced rates) on 
goods leaving the free port and entering 
the domestic economy

• Goods can also be “exported” (out of the 
free port) without being subject to any 
domestic export duties which might apply 

The government’s consultation proposes 
adding, to this core free port concept of 

“tariff flexibility”, a number of additional 
elements, designed to be attractive to 
domestic and international investors 
looking to start or grow their UK operations, 
including tax measures to incentivise private 
business investment, planning reforms to 
facilitate construction, and infrastructure 
improvements around free port areas. 

Taken together, these measures amount 
to a “"Freeports".

WHY NOW? 
The government describes Freeports as an 
example of an opportunity “that leaving the 
EU brings”. 

This is true, to an extent. The free 
ports which existed in the UK during its 
membership of the EU were of a limited 
sort, due to the EU’s rules on state aid: the 
Commission’s view is that tariff exemptions 
constitute an economic benefit which 
has a potentially distortive effect on the 
Single Market. The only exemptions which 
the Commission permits are those which 
can be justified as facilitating regional 
development, notably the Shannon Free 
Zone near Shannon airport in Ireland. Now 

ARE FREEPORTS THE WAY 
FORWARD?  
Aaron Nelson, Senior Associate at BDB Pitmans
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the UK has left the EU – and appears to be 
rejecting a future relationship based on 
a “level playing field” (which would have 
involved maintaining existing rules on state 
aid) – it can develop freeports as it sees fit. 
The establishment of freeports is therefore 
one way, post-Brexit, of repositioning the 
UK economy as a more global, open, free-
market economy.

An opposing view would be that the UK is 
swapping membership of one of the world’s 
largest single markets, with no tariffs on 
cross-border trade with EU member states, 
for the imposition of tariffs at its national 
borders, with freeports merely a limited 
exception (albeit one that would apply to 
nations beyond the EU) and that the EU’s 
rules did not prevent the UK from doing 
much of what it is now proposing: relaxing 
planning regulations, investing in improved 
infrastructure around ports or offering 
differentiated tax regimes to encourage 
development. 

It is perhaps most revealing that the 
consultation paper is framed throughout 
by the UK government’s wider agenda of 
“levelling up” the UK, driving investment 

into more deprived communities, 
increasing employment opportunities and 
economic activity.

A PLACE APART 
The main benefit to traders, manufacturers 
and processors is that freeports would sit 
outside the UK’s normal customs and excise 
territory. 

Under the government’s proposals, 
goods could be brought into the Freeport, 
and stored or processed, without 
tariffs being applied (known as “duty 
suspension”). No tariffs would be payable 
on goods “re-exported” out of the UK (a 
“duty exemption”). Tariffs would only be 
applied when the goods are imported into 
the UK domestic market. 

For traders, duty suspension would 
allow Freeports to avoid the physical, 
administrative and cultural frictions 
generated by border crossings – facilitating 
the international flows of goods and 
enabling firms to bring more value to global 
supply chains. The government hopes that 
Freeports will become “national hubs for 
global trade and investment” and proposes 

various ways in which domestic customs 
declaration processes, controlling the entry 
of goods into the UK, could be simplified to 
facilitate this. 

The government acknowledges that 
freeports would not remove entirely the 
need for frontier checks, including customs, 
sanitary, animal welfare or phytosanitary 
checks. But in a Freeport, the government 
proposes that some of these checks would 
be suspended or relocated away from the 
port land, where space is at a premium. 
Due to the need to maintain security and 
control of the flow of goods into and out 
of the freeport, the consultation document 
acknowledges that the responsibility of 
some checks will shift away from the 
importer/exporter to the freeport operator. 

Duty suspension means manufacturers 
can avoid paying a higher import duty on 
a raw material, e.g. oranges, by paying 
the lower import duty on the processed 
good, e.g. orange juice – known as “duty 
inversion”. Normally that would require 
the juicing facility to be built within the 
Freeport boundary, but the government’s 
consultation suggests that “potentially” 
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existing manufacturing plants – car 
factories, for example – could be designated 
as Freeports. This particular advantage 
disappears (at least in terms of domestic 
imports) if the two duties are (or become) 
the same.

The provisions for making such changes 
are already contained in the Taxation 
(Cross Border Trade) Act 2018, which 
allows the Treasury to designate “any area 
in the United Kingdom as a special area 
for customs purposes”. The effect of such 
designation is to allow goods within the 
zone to be treated as falling within the 
storage procedure for customs purposes, 
permitting a deferral of customs duties. 

The 2018 Act also empowers Her 
Majesty's Revenue and Customs (HMRC) 
to make regulations “as to what, or as to 
the extent to which, other activities may, or 
may not, be done in the premises or free 
zones (or elsewhere)” and also to “make 
any other provision that they consider 
appropriate for the purposes of import 
duty in relation to goods kept in free zones”. 
The 2018 Act also provides that scope for 
defining the activities permitted within a 
zone, such as manufacturing operations 
that would go beyond the limited forms of 
"processing" within the storage procedure.

WIDER ECONOMIC BENEFITS
The government’s consultation proposes 
adding, to core “freeport” concept of “tariff 
flexibility”, a number of additional elements, 
designed to be attractive to domestic and 
international investors looking to start or 
grow their UK operations. 

On tax, the government proposes 
measures to incentivise private business 
investment based on those applicable in 
Enterprise Zones, and also seeks views 
on changes to other taxes: VAT, excise 
duties, stamp duty land tax, research and 
development tax credits and national 
insurance contributions. 

The government also proposes planning 
reforms to facilitate construction and 
development at Freeports, and wants to 
encourage local authorities to make greater 
use of Local Development Orders, which 
automatically grant planning permission for 
development in a particular area. It is also 
consulting on the further planning reforms 
which would assist potential “non-port” 
Freeports.

The government wants this concentration 
of activity within Freeports to generate 
wider economic benefits. Supporters of 
freeports point to statistics which show that 
economic growth within a freeport exceeds 
that outside the boundary. While that is 
hardly surprising given the preferential 
business environment within the freeport, 
it does lend weight to the government’s aim 
for the new UK Freeports to “re-balance” 

the UK economy, away from London-based 
service industries, by promoting economic 
activity and growth in major port areas 
like Grimsby & Immingham, Southampton, 
Bristol, Hull, the Humber, Liverpool and 
the Tyne, particularly in those sectors in 
which the UK is already a market leader: 
pharmaceuticals, car manufacturing, 
advanced manufacturing, renewables. The 
government’s consultation seeks views 
on how to achieve these wider benefits in 
terms of business support, growing skills, 
provision of housing, innovation, research 
and development. 

The concentration of manufacturing or 
processing in the areas around major ports 
also seems to make sense from a logistical 
point of view, given that, as an island 
nation, 95% of the UK’s physical trade with 
the world arrives or departs by sea. Recent 
years have seen the development of large 
logistical hubs in the vicinity of many of 
our major ports and airports, in order to 
increase efficiency in the importation and 
distribution of goods. Perhaps encouraging 
manufacturing and processing in the same 
locations is simply the next logical step.

ANY DISADVANTAGES?
Historically, the principal disadvantage 
of free ports has been the reduction 
in government revenue caused by the 
exemption of goods from tariffs. Typically, 
HM Treasury would have weighed that 
loss of revenue against (claimed) wider 
economic benefits. Recent (limited) free 
trade areas in the UK, such as the Port of 
Liverpool, failed to demonstrate sufficient 
benefits and their status was removed. 
However, the UK’s new Chancellor, Rishi 
Sunak, has been a long-time advocate 
of freeports, publishing The Free Ports 
Opportunity: How Brexit could boost trade, 
manufacturing and the North through the 
Centre for Policy Studies back in 2016, and 
(as Chief Secretary to the Treasury) one of 
the signatories on the consultation paper. 

But the new Chancellor, and HM Treasury, 
will also be aware that freeports have 
become associated with money-laundering 
and tax avoidance. Singapore, Monaco, 
Luxembourg and Switzerland all have 
facilities (often conveniently located near 
private airports) designated as “freeports” 
which are used to store billions of pounds 
worth of assets – gold, artworks, wine, 
antiques, jewellery – to avoid paying import 
duties. This “warehousing” arrangement 
was originally intended as temporary, while 
those goods were in transit, but much is 
now, in effect, permanent. Sales of goods in 
such free ports also generally incur no value-
added or capital-gains taxes, which means 
a further loss to government revenues. The 
consultation paper acknowledges these 
concerns in Chapter 8 under the heading 

“Preventing illicit activity”, seeking views 
on the level of risk and how it can be best 
mitigated. 

A further danger is that the UK's Freeports 
simply encourage existing domestic 
businesses to relocate, to take advantage 
of lower costs, but with no overall growth 
in economic activity. The consultation 
paper asks only one general question 
(Q53) on “the level of risk of economic 
displacement", framed in terms of how 
the government should mitigate this risk. 
That seems to suggest that the government 
does not consider the (mitigated) risk to 
outweigh the potential benefits.  

GIVING YOUR VIEWS
The government proposes that freeport 
status be granted following a competitive 
bidding process and encourages joint 
applications between public and private 
sector partners or, at least, local authority 
support for a private port operator’s 
application. 

Chapter 9 of the consultation paper 
seeks views on the government’s proposed 
selection criteria for Freeport operators. 
Interestingly, these appear to focus on 
local/domestic matters, such as the 
proposed form of freeport governance and 
delivery, land availability, local leadership, 
local conditions (e.g. deprivation and 
regeneration potential), and not on 
applicant’s ability to attract inward 
investment. Perhaps the government 
considers that to be its role, or that the 
form of Freeports it is proposing will be 
sufficiently attractive without local input.

The consultation closes on 20 April 2020. 
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Originally, shipping lines provided shipping 
services; trucking companies provided 
landside transportation; terminal and 
warehouse operators provided transfer 
between modes. Throughout, terminals 
operators have stayed quayside and 
trucking and warehousing companies 
have stayed on land. Metaphorically, and 
traditionally, both have kept their feet dry. 

In contrast, the shipping lines have 
moved from water to land. Many have 
their own associated logistics activities, 
for example CMA GGM acquired CEVA 
Logistics in 2019, MedLog is the logistics 
arm of Mediterranean Shipping Company 
(MSC) and Maersk has its Damco logistics 
arm. With respect to ports and terminals, 
carrier groups have also evolved 
considerable affiliated interests through 
a combination of organic and acquisitive 
means. The prime examples come from 
the four largest container shipping groups 
as shown in table one. 

At individual terminal levels these 
(affiliated) interests range from minor stakes 
of around 10% all the way up to outright 
ownership and cover all continents and 

coastlines where involvement from the 
private sector is common. Whilst the precise 
relationships between the carrier and 
terminal elements may differ, for example 
CMA CGM and MSC are the effective group 
leads whereas Maersk and Cosco Shipping 
Lines are technically part of the groups, 
both carrier and terminal sides have a clear 
interest in helping each other’s efficacy.

GROWTH IMPACTS 
The impacts of carrier affiliation upon a 
port, both positive and negative, can be 
seen through various examples. Cosco 
Pacific, one of the predecessors of the 
current China Shipping Ports (CS Ports), 
took on the concession for Piers 2 and 3 at 
the Port of Piraeus, Athens, Greece in late 
2009 and then management of the whole 
port in 2016. The Port’s handlings have 
grown from 431,000 TEU in 2008 to 5.65 
million TEU in 2019. It is now the largest 
in the Mediterranean and in the top five of 
Europe as a whole.

Whilst Piraeus welcomes patronage from 
many carriers, it is surely no coincidence 
that its growth is related to the arrival of 

Cosco Pacific/CS Ports. In fact, post-2016 
growth coincides with an affiliated carrier 
consolidation event. This saw the transfer 
of China Shipping’s container liner activities 
to Cosco, thereby forming the much larger 
Cosco Shipping Lines. The result: from 2016 
to 2019 Piraeus’ throughput has expanded 
by 65% (see table two), a compound annual 
rate of more than 15%.

At the other end of the scale is Taranto 
on the “heel” of Italy. In the early 2000s, 
Evergreen developed Taranto Container 
Terminal to be its favoured Mediterranean 
hub and the facility enjoyed significant 
patronage from the carrier as a result. 
Intercontinental terminal operator 
Hutchison was sufficiently confident in the 
terminal to take a stake in it in 2008. 

There was, though, an inherent 
weakness in Taranto’s position as it was 
almost exclusively visited by Evergreen. 
When Evergreen started to move mainline 
and feeder services to Piraeus, Taranto’s 
foundations were shown to be placed on 
sand. The port handled 604,000 TEU in 
2011, the year Evergreen started to switch, 
but this fell dramatically to 270,000 TEU 

CONTINUED EVOLUTION
SHIPPING LINES SHIFTING FROM WATER  
TO LAND  
Darron Wadey, Analyst, Dynamar B.V
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the following year and continued dropping 
until, in 2015, it handled no containers at 
all. In 2019, independent operator Yilport 
took on the concession for the moribund 
terminal area, an ambitious move, 
especially if container patronage was not 
already lined up. 

PATRONAGE 
Quite clearly, carrier patronage is a double-
edged sword. MSC and its affiliated Terminal 
Investment Limited’s involvement Lomé 
Container Terminal has resulted in not only 
a revision of how West Africa is served, it 
has catapulted that port to becoming the 
coastline’s major hub. If MSC were to decide 
upon an alternative port – however unlikely 
that may be – given the volumes that MSC 
can bring, it would be very difficult for Lomé 
to find like-for-like replacement. 

Whilst the principle extends for any ports 
where carriers have a terminal interest, 
transhipment and relay hubs, like Lomé and 
Taranto, are more vulnerable than ports 
with a substantial gateway function like 
Antwerp and Valencia. Whilst MSC is the 
most visible presence at these gateways, 
and has affiliated terminal interests in 
the ports, the ports have more solid 
foundations from their own substantial 
landward hinterlands.

CONTINUED INTEREST 
It is not just those carriers already 
mentioned who are active in the terminals 
sector. Amongst other carriers, Hyundai 
Merchant Marine (HMM) has interests 
in eight facilities globally, including in 
Algeciras (Total Terminal International) and 
Rotterdam (Rotterdam World Gateway). 
Hapag-Lloyd, somewhat behind the 
terminal curve, agreed late in 2019 to 
acquire a 10% stake in Marsa International 
Tangier Terminals, a terminal development 
that should be commissioned later this year. 
Before this, its sole terminal involvement 
was a 25% stake Container Terminal 

Altenwerder in Bremerhaven.
The results are, ultimately, that a 

carrier (group) can bring significant if not 
substantial influence upon the activity and 
therefore prosperity levels of a particular 
terminal and, therefore, port. It is a 
situation that is only likely to increase with 
every round of carrier consolidation that 
takes place. 

That does not mean to say there is 
no place for the independent terminal 
operator. It could well be that in a choice 
between an independent facility or a 
terminal affiliated with a competitor, a 
carrier could plump for the independent. 

STAYING INDEPENDENT 
Another way that independent operators 
are working with this evolution of carrier 
interests, is to enter into joint venture 
arrangements. For example, Marsa 
International Tangier Terminals has 
Eurogate and local Marsa Maroc, both 
port/terminal operators, as the other 
shareholders. Usually the carrier holds a 
minor share leaving the specialist operator 
to run the facility although the influence 
of the carrier is still visible (and the carrier 
may well have some volume obligations as 
part of the agreement).

In contrast, terminal operators have 
been noticeably absent from moving in 
the opposite direction, from the quay to 
the sea. That was, though, until DP World 
acquired Europe and Mediterranean feeder 
operator Unifeeder in 2018. The following 
year, it took direct ownership of P&O 
Ferries and P&O Ferrymaster from its own 
parent company, (North Europe trades), 
and at the end of 2019 took a controlling 
stake in Singapore-based Feedertech (Asia-
Indian Subcontinent range).

Whilst DP World’s acquisitions are 
limited to feeder and regional carriers, if 
consolidated under one banner, then this 
terminal operator would have a group 
shipping line of around 75 ships able to 

carry 130,000 TEU making it one of the 
largest carriers in the world. Although the 
reasoning behind its strategy is somewhat 
opaque – for example, as feeder traffic 
follows the mainline cargo flows of the 
major carriers, how will DP World’s move 
into shipping result in increased utilisation 
for its facilities? – at a wider level, maybe 
it is the start of a counter-evolution by the 
terminals sector. 
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Table one: Carriers and their affiliated terminal operating groups

Group Carrier (fleet summary) Terminal Operations (portfolio summary)

Maersk Maersk (690 vessels, 4.1 
million TEU) APM Terminals (approaching 80 terminals)

Mediterranean Shipping 
Company (MSC)

MSC (575 vessels, 3.8 million 
TEU)

Terminal Investment Limited (close to 40 terminals), plus other 
affiliated interests

China Cosco Shipping Cosco Shipping Lines (470 
ships, 2.9 million TEU)

Cosco Shipping Ports (approaching 40 terminals, combination of 
Cosco Pacific and China Shipping Ports)

CMA CGM CMA CGM (490 ships, 2.6 
million TEU)

Terminal Link (13 terminals), CMA Terminals (32 terminals, including 
those acquired from APL Terminals)

Year 2019 2018 2017 2016 2015 2014

TEU 5,650,000 4,908,000 4,144,300 3,674,700 3,327,800 3,585,200

Table two: Development of Piraeus container handlings
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The digital ideas and visions are not new. 
New is their level of maturity. There 
has been an overwhelming amount of 
technology hype, but also a growing 
understanding that digitization will play 
a critical role in the logistics and terminal 
industry. Digitization is becoming a core 
component of business and business 
strategy. This ensures that the acceleration 
of the development and convergence 
of technologies into a broad range of 
powerful solutions will only continue.

While startups give most of the 
impetus, incumbents like Maersk and 
HHLA, Kuehne & Nagel and DSV are 
gradually digitizing their processes. 
With rising investments in learning and 
experimenting, but also into collective 
efforts to reach standardization and 
interoperability. Now, digital solutions are 
ripe for scale. However, this requires that 

stakeholders in the logistics and terminal 
industries overcome their deeply rooted 
fears when it comes to true collaboration 
in the individual and common interest and 
the exchange of data.

INVESTORS SEIZE OPPORTUNITIES IN THE 
MARITIME INDUSTRY
In 2019, over $1 billion has been invested 
in maritime technology companies 
according to UK consultancy Thetius. But 
when stripping off the $1 billion Flexport 
funding that was secured in February 2019, 
it appears in fact venture funding declined 
by 24%. Fewer deals were made to a total 
of 8%, but the average size of deals has 
increased by 18% from $2.2m to $2.7m. 

Investments show where interest, focus 
and expectation lie. Another finding from 
the Thetius report is the 60% increase 
in the number of venture funds that are 

dedicated to maritime, logistics, and trade 
in the last 18 months.

INDUSTRY AND TECHNOLOGY CONTEXT
Digitizing the supply chain aims at 
improving the management of the 
flows of goods to increase speed and 
velocity, reduce costs and working capital 
needs, and avoid error and supply chain 
disruption. The effort is about information, 
new capabilities, integration and 
automation. Eventually, digitization will 
lead to the entirely connected and fully 
automated logistics and port ecosystem. 
This, to capture the total value that the 
assets and resources in the system can 
create. That is the overarching vision or 
core idea of digitization.

Beyond the better grip on the topic, 
current drivers of digitization in the 
maritime industry are the shifts in the 

TOWARDS DIGITAL 
MATURITY
LOGISTICS AND TERMINAL INDUSTRIES ARE 
SWITCHING GEARS
By Wolfgang Lehmacher, Thought Leader & Advisor, 
Hong Kong 
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global trade landscape and the effects 
of trade wars. Also, the environmental 
pressures – starting with IMO 2020 – as 
well as customer expectations in respect 
to digital integration and the efforts of 
maritime players to stay or move ahead 
of the curve by creating new areas of 
differentiation and competitive edge. 
These pressures increase the readiness to 
review digitization strategies and consider 
collective action across the industry.

The internet of things (IoT) is the key 
to generating data and capturing the 
advantages of the digital world. Artificial 
intelligence (AI) is used to analyse the 
data and quickly drive decisions.

Meanwhile, blockchain offers radically 
new possibilities to collaborate in an 
effective and decentralised manner. 

Robotic technologies can revolutionise 
warehousing and create a new standard in 
terminal automation and robotics process 
automation (RPA) can automate back 
offices. 

DIGITIZATION IS IMPACTING LOGISTICS
Full-stack challengers can offer existing 
capabilities more efficiently. The new 
entrants disaggregate and attack the most 
profitable areas. Large parts of the logistics 
value chain are prone to commoditisation. 
Although the digital threat is immanent, 

radical change does not come overnight. 
However, traditional logistics companies 
are working on understanding how to 
digitize their businesses to escape the 
threat and capture opportunities instead.

What are the key components logistics 
companies offer? Of course, there is 
the ‘what’, i.e. the access to transport, 
handling and warehousing capacity and 
capabilities. However, there is also the 
‘how’ and this is where digitization plays 
out. For instance, how fast a quotation 
can be submitted, how effectively data is 
transformed into value through analytics, 
how easy customer and vendor systems 
can be integrated, and how previously 
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manual, expensive and error prone tasks 
are automated. Therefore, startups and 
incumbents seek ways to change the 
‘how’ the logistics business is performed.

Consequently, a broad range of digital 
companies, marketplaces and platforms 
have emerged. They can be considered 
substitutional, complementary or 
supplementary. Digital forwarders and 
digital freight marketplaces like Flexport 
and Freighthub, Uber Freight and Amazon 
Full Truckload Service are the challengers 
of the incumbents. Flexe and Stockspots, 
both operating in the on-demand 
warehousing space are complementing 
the current offers, providing new options 
for small and mid-sized enterprises 
(SMEs). Elementum and Roambee with 
their analytics tools and capabilities are 
providing supplementary products and 
services that help logistics providers but 
also original equipment manufacturers 
(OEM) and fast-moving consumer goods 
(FMCG) companies to better manage their 
supply chains.

DIGITAL PORTS AND TERMINALS
In the maritime industry digitization has 
gained in focus, demonstrated by specific 
initiatives, ranging from platforms and 
portals, to data sharing efforts, new 
monitoring systems, vessel automation 
and cybersecurity strategies. The range of 
maturing solutions shows that digitization 
has reached a tipping point. However, the 
digitization of transport and logistics is still 
missing scale.

After a period of search and confusion 
the industry has embarked on a more 
structured approach to digitization. This 
was marked by the creation of the Digital 
Container Shipping Association (DCSA) in 
2019. Testbeds and accelerators are also 
on the rise. In 2019, Inmarsat, Cargotec, 
Shell, HHLA and Wärtsilä launched the 
second cycle of the Trade & Transport 
Impact Program in search for 10 mature 
startups. Singapore’s largest shipping 
company, Eastern Pacific Shipping (EPS), 
teams up with investor and accelerator 
Techstars to create a global maritime 
accelerator.

In 2019, we saw the creation of the 
Operational Technology Cyber Security 
Alliance (OTCSA) which helps companies 
to address the OT security risks. The 
members are ABB, Check Point Software, 
BlackBerry Cylance, Forescout, Fortinet, 
Microsoft, Mocana, NCC Group, Qualys, 
SCADAFence, Splunk and Wärtsilä. But 
many more companies are improving their 
capabilities and cyber defense systems.

With Hapag Lloyd and ONE announcing 
to join, five of the largest six carriers are now 
expected to be on the TradeLens platform. 
Hamburg Süd launched INSTANT, a digital 

application for container booking. Bunker 
procurement platform Bunker Connect 
announced integration with BunkerTrust. 
The Port Collaborative Decision Making 
(PortCDM) initiative achieved adoption of 
the port call message format S-211 which 
allows ships and ports to exchange port 
call data in a standardized way to enhance 
coordination and synchronization of port 
visits.

The journey continues in 2020. By 
the end of 2020, the first autonomous 
tug built by ABB and Keppel Offshore & 
Marine is scheduled to commence service 
in the Port of Singapore.

WHAT'S NEXT?
The biggest shift brought about by 
digitization is the need to look at the 
supply chain end-to-end. In the connected 
supply net, companies can no longer 
remain in their siloes. They are forced to 
look beyond their own company borders. 
Collaborating efficiently requires replacing 
the archaic IT systems, causing large 
amounts of data entry-type paperwork.

Managing the shift from competition 
to collaboration will be critical for future 
competitiveness. The prerequisite to 
achieve this is that the stakeholders 
overcome their fears which stand in 
the way of true collaboration. Some 
homework in respect to the appropriate 
technological systems and their 
governance frameworks is still to be done.

FAST FORWARD: THE INDUSTRY IN 2045
In 25 years, the world will surely be 
different from what it is today and 
certainly also from what we think it may 
be by then. Cause human creativity is 
limitless. How things will be done is very 
unlikely to predict. But there are relatively 
safe bets to make in respect to what the 
future economy will be able to produce.

Certainly, our future world will be 
digitally connected. The leading platform 
players will be driving and dominating 
ecosystems – probably at a scale five or 
even ten times of what we know today. 
Survival requires that the SMEs organize 
themselves also in digitally connected 
probably highly decentralized peer-
to-peer interaction enabling systems 
as an alternative to the leading mega-
companies. Necessities will force 
government to work out the governance.

In 2045, this continuously growing 
connectedness will have produced data 
oceans which allow analytics companies 
to predict future events in the logistics 
and terminal industry with a very high 
level of accuracy. Data will largely steer 
the world. Considering the consequences 
of population growth and the scale of the 
Asian and global economy by 2045, there 

is no doubt that parties will have resolved 
the current data ownership challenges. 
The data industry will have outperformed 
the world of platforms. Data will be 
commodity, analytics competitive 
advantage. Based on the data, business 
processes and the utilization of assets 
will have been widely automated. That 
indicates how the future port will function 
– data-based, totally integrated, where 
this is possible, and automated. It is also 
likely to be highly sustainable.

Most interesting will be the road 
towards that vision. The hardest part is to 
empower the SMEs. Without government 
intervention this might not happen. 
Analog large incumbents will need to seek 
and find ways to reinvent themselves. 
But change will not come from inside. 
While innovation can be driven internally, 
transformation cannot. It is to be started in 
a separate ecosystem. This “alto-ego” has 
not the same DNA and requires therefore 
a very different mindset, skillset and 
approach. Those who manage to operate, 
innovate and transform in parallel are 
the ones that secure their chances to 
last – at least this will be the case in the 
increasingly digitally transformed world. 
However, in economies that struggle to 
transform incumbents will see the gap 
between them and those located in a 
world that moves digitally ahead growing 
by the day. This is a reality government 
needs to factor into their thinking about 
digital strategies and policy frameworks.
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You want standards? Then get involved. 
To have eff ec� ve standards, you need a 
community to build them, a community to 
use them and – crucially – a community that 
ensures those standards are harmonised. In 
short, standard is not a standard if no one 
uses it.

As the digital exchange of data con� nues 
to grow exponen� ally in the ports, shipping 
and logis� cs world and across many other 
facets of interna� onal trade, we are used 
to hearing claims that there is a lack of 
standards. We are also used to knocking 
down that argument. The mari� me industry 
has been developing, refi ning and using 
interna� onal standards for many years.

NON-STANDARD STANDARDS 
The challenge is this: as standards have 
developed, standards organiza� ons 
have diverged and even those using the 
standards have adapted their standards of 
choice to meet their own needs.

In theory, customs manifes� ng may 
have the same standards. However, the 
supplier or generator of the manifest 
o� en adds addi� onal informa� on for their 
own needs, such as a purchase order or a 
customer reference number. The result is, 
of course, non-standard standards, as users 
take the basic standard and tweak it to suit 
themselves.

Therefore, when people say there are no 
standards and ports should have a single 
standard, we say – there are standards 
in ports and they are being used, but the 
problem is that users are not using them 
as planned or advised, but adap� ng them. 
Standards should be like a single language 
– change the grammar or the vocabulary, 

and confusion can only be the result. The 
whole trade sector needs to work together 
to create more harmonisa� on.

SETTING THE SCENE 
There are three main generators of 
standardised data models. Most of the 
industry is using United Na� ons Centre 
for Trade Facilita� on and Electronic 
Business (UN/CEFACT)-based messaging 
as well as linking into World Customs 
Organiza� on (WCO) data models. The 
third player is the Interna� onal Standards 
Organiza� on (ISO), which has mul� ple sets 
of interna� onally recognised standards. 
And there are others, too. The Interna� onal 
Associa� on of Marine Aids to Naviga� on 
and Lighthouse Authori� es (IALA), for 
example, has standards used for naviga� on, 
shipping and cargo. Also, there are some 
commercial standards for logis� c purposes 
– for instance GS1, which develops and 
maintains global standards for business 
communica� on.

Another player is PROTECT. Set up in 1992 
by major European ports to harmonise and 
op� mise electronic informa� on exchange 
by means of standardised messages legally 
required in ports, PROTECT expanded with 
support from Port Community Systems 
and other new members, and earned 
global recogni� on by the Interna� onal 
Mari� me Organiza� on (IMO) Facilita� on 
(FAL) Commi� ee and the shipping industry 
as a Message Design Group derived from 
UN/CEFACT ac� vi� es. In 2019, PROTECT 
was integrated into the Interna� onal 
Port Community Systems Associa� on 
(IPCSA), to combine two organiza� ons 
with an unrivalled level of knowledge and 

experience in standardised and harmonised 
electronic informa� on exchange.

THE BUSINESS OF STANDARDS 
In some instances, standards have, in 
eff ect, become a business; some standards 
organiza� ons charge for the use of their 
standards, others charge a maintenance 
fee, others make their standards free. What 
you pay depends on what standards you 
use. For example, IT companies develop 
proprietary standards, which means you 
get � ed into them. Another example of lack 
of harmonisa� on. 

For what it’s worth, we believe strongly 
that standards should be open and free.

WHERE ARE WE NOW? 
The IMO set in mo� on some very specifi c 
work in collabora� on with the WCO, UN/
CEFACT and the ISO, in developing its own 
data reference model, or compendium, to 
defi ne all the elements of the electronic FAL 
forms across WCO, UN/CEFACT and ISO.

In April 2019, the FAL Commi� ee 
approved a revised and updated IMO 
Compendium on Facilita� on and Electronic 
Business, to support harmonisa� on and 
standardisa� on of electronic messages. 

The Compendium will be used as the 
basis for automated and digital systems for 
exchange of informa� on when ships arrive 
at and depart from ports. The informa� on 
data set supports mandatory repor� ng 
formali� es for ships, cargo and persons on 
board and can also be extended to support 
commercial businesses in interna� onal 
shipping.

The IMO defi nes it thus: “The IMO 
Compendium is a tool for so� ware 
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developers that design the systems needed 
to support transmission, receipt, and 
response via electronic data exchange of 
informa� on required for the arrival, stay, 
and departure of the ship, persons, and 
cargo to a port. By harmonizing the data 
elements required during a port call and 
by standardizing electronic messages, the 
IMO Compendium facilitates the exchange 
of informa� on ship to shore and the 
interoperability of single windows, reducing 
the administra� ve burden for ships linked to 
formali� es in ports.”

The IPCSA was one of the members of 
the working group which developed the 
Compendium, alongside members from 
Belgium, France, India, the Netherlands, 
New Zealand, Norway, Sweden, Ukraine, 
Uruguay, United Arab Emirates and 
the United States, as well as the IMO 

Secretariat, the European Mari� me Safety 
Agency (EMSA) and BIMCO.

In its next step, the IMO FAL Commi� ee 
established an IMO Expert Group on 
Data Harmonisa� on (EGDH) – to meet 
twice a year and take care of the further 
development of the IMO Compendium, 
working towards harmonisa� on. 

The EGDH, which met for the fi rst � me 
in November 2019, is responsible for 
the technical maintenance of the IMO 
Compendium and for further expanding its 
data set and data model to areas beyond 
the FAL Commi� ee, including exchange of 
logis� cs and opera� onal port and shipping 
data. This is one of the fi rst examples of 
interna� onal organiza� ons tackling the 
considerable challenge of harmonising 
standards, and IPCSA is honoured and 
proud to be playing a key role in its work.

CONTINUED DEVELOPMENT 
As well as working to harmonise the IMO 
data reference model across WCO, UN/
CEFACT and ISO, the EGDH’s work also 
means con� nually adding suitable new 
data standards – for example, rela� ng to 
dangerous goods or stowaways – that can 
be agreed at interna� onal level. 

A macabre example is this. If you have 
100 persons ‘remaining on board’ but 
one dies, how many do you then have 
– 100 or 99? In some declara� ons and 
documenta� on, a deceased person is 
considered ‘goods’. 

The ul� mate prize is this: when a vessel 
arrives at a port in Asia, the master gets 
asked for the same informa� on as in a port 
in Europe or Africa – regardless of which 
standards body is being used, because the 
informa� on can be mapped across. 

IPCSA
IN ASSOCIATION WITH PORT TECHNOLOGY
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Is it standardisa� on or harmonisa� on 
that we need? IPCSA is clear on that 
ques� on. There are standards but they are 
not harmonised. If they were harmonised, 
it would be easier for organiza� ons across 
the world to implement them.

IPCSA has, from the start, been pushing 
for more trade organiza� ons and more 
member states to be involved in this 
important work, because it is the basis for 
all electronic exchange of informa� on. The 
EGDH was formed in 2019. It will take � me 
but its work is already delivering results.  

GET INVOLVED 
Standards don’t just happen; organiza� ons 
must support them. Logis� cs organiza� ons 
and others that say there are no interna� onal 
standards need to recognise that there 
are standards bodies and there are bodies 
developing standards and working on 
harmonisa� on. How many of these logis� cs 
organiza� ons decide they are not interested 
in taking part in the process because (they 
think) ‘it’s someone else’s job’? 

It is up to everybody to get involved. That 
means fi nding out who your Member State’s 
contact is at the IMO and being proac� ve. 
We are back to that word ‘community’.

An excellent example is the work that 
the Digital Container Shipping Associa� on 
(DCSA) is doing on standardised carrier 
informa� on – work that includes mapping 
this to UN/CEFACT. 

Another point is this. We tend to 
think mainly about business-to-business 

standards while forge�  ng about business-
to-government. Many governments use 
their own standards or those of the WCO. 
Shipping lines use their own standards. 
If there isn’t harmonisa� on, the costs of 
mapping from one standard to another 
could be as high as if you were implemen� ng 
a whole new message in the fi rst place.

An example we have used before is 
‘port of arrival’ or ‘actual � me of arrival’ 

(ATA). What does that actually mean? 
For a port authority, it’s usually when the 
vessel enters port territory. For customs, it 
is when the vessel is actually alongside the 
quay. Not the same thing at all, and there’s 
a signifi cant � me diff erence between the 
two. Inevitably, there will be costs involved 
in such discrepancies.

We need to mean what we say: and we 
need to all know what exactly that is.  

IPCSA
IN ASSOCIATION WITH PORT TECHNOLOGY
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MEGA SHIPS & SUPPLY 
CHAINS

Today’s biggest vessels can carry in excess 
of 21,000 TEU, and 23,000 TEU vessels are on 
order. For the terminals in the world’s biggest 
port cities, adjusting to the mega boxers is a 

major challenge.
Jan Olaf Probst, DNV GL, Page 64 



Trade wars and the IMO2020 regulations 
have dominated conversations in the 
container shipping market throughout 
2019. Whilst the trade war initially 
boosted port volumes through 2018 as 
shippers front-loaded cargoes to beat 
tariff deadlines, inevitably volumes and 
freight rates slumped in the second half 
of 2019. 

The IMO2020 regulations and the 
emergence of Coronavirus have further 
rattled the market in the first months 
of this year, imposing greater costs and 
increasing pressure on carriers that are still 
struggling with distressed balance sheets. 

Despite this unfavourable start, 2020 
also promises to bring new strategic 
alliances, the first 24,000 TEU megaships 
and exciting new emissions technology.  

In this review we look at the market 
trends for 2019 and analyse the outlook 
heading into 2020. 

MARKET OUTLOOK 
Generally, economic uncertainty remains 
high. Drewry has twice revised down its 
expectations for container port throughput 
for the year, now predicting it will increase 
by just 3%. Similarly, the IMF has estimated 
global economic growth at just 3% in 2020.

Despite these disappointing predictions, 
many in the sector had been looking 
forward to gradually improving conditions 
throughout 2020 and beyond. The Phase 1 
Trade Agreement signed between the US 
and China has the ability to give the world 
economy a boost.  Although there remains 
a risk of re-escalation, the agreement comes 
as a welcome relief to the container shipping 
market which would otherwise have been 
significantly impacted by the additional tariffs. 

CORONAVIRUS 
Whilst it remains difficult to predict the 
true impact of the Coronavirus on the 

container shipping market at this stage, a 
global pandemic is likely to have serious 
consequences. China is home to ten of 
the world's busiest container ports and is 
a vital facilitator in the global supply chain. 
However, regular schedules are already 
being disrupted, as vessels risk being 
delayed and sailings cut. 

As a result, major carriers such as Maersk 
and CMA-CGM have now reduced calls to 
China, with 46% of all scheduled departures 
on the Asia-North Europe trade having 
been cancelled in February alone. 

Spot rates have weakened substantially 
since the start of the year and concerns 
are now rising over the effect this will have 
on the backhaul routes, as the void sailings 
pare down capacity for outbound trade 
from Europe and the US. 

In China itself, a lack of personnel across 
the supply chain, including for inland 
haulage, is starting to cause containers to 
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pile up at ports. This is further delaying 
schedules and, in the case of perishable 
cargoes, leading to challenges over the 
availability of reefer plugs at terminals. 

MARKET (IM)BALANCE 
Oversupply of capacity is expected to 
remain over the next couple of years, 
leading to lower container freight rates and 
lower earnings for carriers. 

Vessels delivered this year are expected 
to add 1.2 million TEUs of capacity, of which 
569,000 TEUs of capacity will be on ultra 
large container vessels (ULCVs).  These are 
however due to be delivered throughout 
2020, which may assist in streamlining 
their integration into the market, whilst 
possible delivery delays at Chinese or 
Korean shipyards due to Coronavirus 
may inadvertently temper overcapacity. 
In addition, the IMO2020 regulations 
may also reduce overall capacity, as more 
containerships are being taken out of 
service to be fitted with exhaust scrubbers. 

Demolitions are also due to increase as 
many older and less-fuel efficient ships will 
be rendered uneconomic in light of the 
IMO2020 regulations. 

MARKET CONSOLIDATION 
Following Maersk's realignment towards 
providing an integrated container logistics 
service in 2016 and CMA-CGM's acquisition 
of CEVA in April 2019, it is likely that we 
will see more vertical integration between 
ocean carriers and freight forwarders 
throughout 2020, as companies attempt to 
differentiate themselves in a competitive 
market. 

Alternatively, we can expect further 
consolidation amongst smaller companies 
who aren’t able to withstand the current 
turbulent and unpredictable market.  

ALLIANCES 
Hyundai Merchant Marine (HMM) will 
become an official member of the world's 
major vessel sharing group, The Alliance, 
from 1 April 2020 for 10 years.  A key reason 
for the decision to join The Alliance appears 
to be the imminent arrival of a series of 
ULCVs. As a result, it is estimated that The 
Alliance's share of operation will grow to 
more than 30% when HMM deploys their 
new tonnage in the Asian-North Europe 
route. 

HMM has been a strategic partner of 
2M Alliance since April 2017 when its full 
membership was denied due to its liquidity 
problems amid an industry-wide slump.  
After 1 April 2020, both The Alliance 
and Ocean Alliance will have 19 Asia-US 
services. 2M will however benefit from a 
slot purchase agreement recently signed 
with Hapag-Lloyd on the core Asia-North 
Europe trade lane. 

We can therefore expect a change in the 
strings operating on the major East-West 
services due to this reshuffle. 

MEGA SHIPS 
The use of ULCVs is becoming increasingly 
prevalent, as evidenced by recent orders 
of 23,000 TEU vessels by carriers such as 
Evergreen and MSC. Similarly, HMM's order 
of twelve 24,000 TEU boxship are due to 
be the largest containerships in the world 
and are to be delivered this April.  The 
benefits of ULCVs are clear, as they increase 
the ability to transport higher volumes of 
containers, therefore providing cost-saving 
benefits and resulting in economies of 
scale. 

However, the use of ULCVs also present 
a range of operational and practical 
difficulties. ULCVs are approximately 7.7% 
longer and 23% wider than the average 
18,000 TEU vessel, and there is currently 
a lack of port and terminal infrastructure 
able to deal with these vessels. In order 
to remain competitive, ports will need to 
invest in key infrastructure. National ports in 
the US such as Charleston, Virginia and New 
York have already begun redevelopment 
projects in order to prepare for the growing 
use of ULCVs. 

Alliances operating ULCVs are also 
focusing their port calls and decreasing the 
number of calls, leaving terminals struggling 
to find a return on investments. 

Whilst ULCVs are environmentally 
cleaner and more fuel-efficient for cargo 
owners and carriers, the endeavour to 
create fuel and time efficiency at sea is 
offset by inefficiencies at ports, where 
both significant time and resources are 
used dealing with the loading or unloading 
of these large vessels.  The vast amount 
of containers often choke terminal yards, 
resulting in delays and financial losses due 
to shortages of labour and time. 

IMO2020 AND FREIGHT RATES 
The shipping industry has looked for several 
years at alternative ways to cut marine fuel, 
from scrubbers and solar-powered sails 
to kites that tow vessels. Interest in such 
developments has particularly grow in the 
wake of the IMO2020 regulations.

Whilst many carriers have turned to 
scrubber systems as a solution to cutting 
emissions, others are investing in new 
vessel models with engines which use 
liquefied natural gas (LNG), methane, 
ethanol or other biofuels. 

From 1 December 2019, carriers 
implemented bunker adjustment factors 
(BAF) to recoup the costs of switching from 
3.5% sulphur heavy fuel oil (HFO) to either 
0.5% sulphur fuel (VLSFO) or 0.1% sulphur 
marine gas oil (MGO). 

It is crucial that lines are able to pass 
incremental fuel expenses to shippers via 
surcharges. Without doing so, they will be 
forced to blank more sailings to artificially 
inflate freight rates. This will have significant 
consequences for service reliability for 
shippers, as well as on port throughput and 
import box volumes for trucking and rail.
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The bigger, the more economical – the 
conventional logic may not always apply 
to container ships in Asia-to-Europe 
traffic. Where seaports have invested 
in infrastructure and logistics systems, 
hinterland connections are beginning to 
reach their capacity limits. There are two 
possible solutions. 

In recent years the volume of goods 
transported by the global container 
fleet has nearly doubled, reaching more 
than 200 million TEU per year. The Far 
East/Europe and East/West trade, while 
accounting for just 25% of the global trade 
volume, cover the longest distances and 
have had an impact on container ship sizes: 
Today’s biggest vessels can carry in excess 
of 21,000 TEU, and 23,000 TEU vessels are 
on order.

FEWER SHIPS, MORE CONTAINERS 
For the terminals in the world’s biggest 
port cities, adjusting to the mega boxers is 
a major challenge. At the Port of Hamburg, 

container ship arrivals have been cut by 
more than half within a decade – with 
the overall tonnage remaining roughly the 
same. At DNV GL we note that terminals 
must be able to handle peak workloads, 
moving large numbers of containers within 
a short period of time Afterwards the piers 
often remain empty until the next mega 
boxers arrives. 

To increase its container handling 
capacity, Hamburg’s terminal operator 
HHLA banks on automation. The 
Altenwerder container terminal enjoys 
a global reputation of being a leading-
edge facility. Other sites are following 
suit. In 2018, HHLA, supported by DNV 
GL, upgraded its Burchardkai container 
terminal (CTB) by building a highly efficient 
block-type storage yard. Deploying three 
new, fully automated stacking cranes 
(ASCs) doubled the storage capacity 
at CTB. Modernizing the terminal also 
improved the Hamburg port operator’s 
environmental footprint. “Thanks to the 

electrically operated cranes, we save some 
two million kWh of energy – the power 
consumption of a village of 1,200 people,” 
an HHLA spokesperson said.

But optimizing processes at the terminal 
alone does not ensure a smooth flow of 
containers. The hinterland connections are 
frequently a bottleneck. Quite a few ports 
are ‘Porsches’ at the front end but horse-
drawn carriages at the back end. Outgoing 
road trucks often slow down the logistics 
flow at terminals. Traffic congestion around 
ports and on expressways, inadequate 
truck trip coordination, or customs 
clearance issues can cause a container 
waiting to be picked up to be delayed by 
hours or even days.

In many ports the area needed for 
container storage is growing constantly. 
Another good reason for HHLA to optimize 
its processing management. A coordinated 
slot booking system implemented recently 
now assigns specific time windows to 
trucking companies. This allows containers 
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to be distributed to road trucks faster and 
more efficiently during peak times.

Could using a larger number of 
smaller vessels help ports achieve a 
more continuous flow of containers at 
the pier and reduce traffic congestion in 
underdeveloped hinterland regions? 

Unloading a 14,000 TEU ship is a much 
smoother process that reduces peak loads 
at the terminal and accelerates outbound 
transport to the hinterland by feeder 
vessel, train or road truck.

A shift in port calls - Arrivals of container 
vessels more than 330 m long and/or 45 m 
wide at the Port of Hamburg. 

ACCELERATING THE TRANSPORT 
Bigger and more fuel-efficient ship 
designs were employed first in Far East/
Europe service to maximize gains on that 
longdistance trade. Gantry cranes with 
longer outreach were installed in the 
ports along these routes to accommodate 
them, which led to a “cascading effect”: 
that smaller tonnage was pushed into the 
Pacific trade. The Panama Canal as well as 
the seaports on the US Pacific side fits to 
that tonnage. Additionally, the increased 
maximum beam of the Panama Canal to 
51.25 metres will lead to a size of 14,000 
TEU. Could this lead to a new around-the-
world container ship design?

Smaller vessels would be more versatile 
and able to operate in more ports than 
huge, 20,000+ TEU vessels. Mega-vessels 
are only deployed in Asia-to-Europe trade. 
Before sailing to Europe, they often call 
at many Asian ports to collect cargo. 
While this trading pattern ensures high 
operational efficiency every port call delays 
the voyage by one day. Using two 14,000 
TEU boxships instead of a single 20,000 
TEU vessel could reduce the number of 
short-sea port calls per ship, thereby 
accelerating the transport.

But time is not the only important factor: 
A well-loaded 20,000+-TEU vessel has 
the lowest fuel consumption per TEU. Its 
smaller CO2 footprint contributes to IMO’s 
ambitious GHG reduction target. Using 
more, smaller ships to reduce the strain 
on inadequate hinterland infrastructure 
would increase greenhous gas (GHG) 
emissions per nautical mile — not a 
convincing equation.

ADDED CAPACITY 
Block-type storage yards with automated 
stacking cranes allow containers to be 
stacked closely together, doubling storage 
capacity without requiring additional 
space. 

Maersk Line and MSC’s 2M Alliance 
as well as the Ocean Alliance formed by 
COSCO, CMA CGM, OOCL and Evergreen 
rely on 20,000+ TEU mega-boxers, 

whereas ONE (“Ocean Network Express”, 
the integration of NYK, MOL and “K” Line), 
Hapag Lloyd and Yang Ming, who have 
joined operations into The Alliance, favour 
12,000 to 14,000 TEU ships. Jan Holst, 
Country Head Germany at ONE, explains: 
“Because our trading lines include many 
port calls within Asia where some ports lack 
the required capacity, mega-vessels would 
be of limited use. Therefore the cyclical 
deployment of 14,000 TEU container ships 
is the right choice for us.”

Maersk Line’s current focus is to explore 
new approaches to unlock efficiencies in 
port operations in cooperation with ports 
and terminals, says COO Søren Toft: “A 
lot of value from current sized ULCSs still 
remains to be extracted – not least in terms 
of improvements in terminal productivity 
when accommodating ULCSs.”

While shipowners view logistics from 
the ship’s perspective, other members 
of the value chain — retailers, exporters, 
importers, carriers, forwarding agents, 
railway operators etc. — have an interest 
in rapid, efficient door-to-door cargo 
transport. Meanwhile, new start-ups such 
as FreightHub and Flexport are currently 
mixing up the industry. Online agencies 
and freight forwarders are driving 
digitalization and promoting improved 
transparency. Their customers can track 
their goods along the entire delivery chain 
in real time. 

Eventually, increasing transparency will 
put more pressure on liner companies to 
improve efficiency. This could become a 
key factor for the choice of ship sizes.  
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 “Mega Ship” is a terminology coined 
sometime around 2013 when Maersk line 
introduces the Triple E series of ships that 
can carry 18,340 TEUs. The term “Mega 
Ships” has since been used synonymously 
with the term “Ultra Large Container 
Vessel” (ULCVs). Mega ships came about in 
the drive by the shipping lines to pursue 
economies of scale and cost savings to 
offset the decreasing rates in depressed 
freight markets. When deciding upon the 
deployment of mega ships, considerations 
of route, nautical distance and volume 
are crucial. Based on these criteria, mega 
ships are mainly deployed on the Far East-
North Europe trade lane where the route 
covers the longest nautical distance and 
presents adequate cargo imports and 
exports. This ensures that the ship will be 
earning sufficiently from freight carried 
while saving on operational costs. Cost 
savings is required for a carrier to achieve 

an edge in the container shipping industry, 
where price competition is one of the 
main drivers.

PRICE IMPACT 
The impact of mega-ship on freight prices 
and operational cost has been thoroughly 
analyzed. The introduction of mega ships 
has injected huge capacity into the market 
leading to the container shipping industry 
becoming structurally over-capacitated. 
With pressure building to fill up the ship 
for maximum utilization of the slots, freight 
prices naturally fall as excess capacities put 
a downward pressure on prices. While some 
shipping lines have postponed their new 
ship orders or taking delivery of new ships 
on order, the trend is reversed only with the 
restructuring of the alliances coupled with 
the demise of Hanjin shipping that caused 
some equipment shortages which naturally 
caused sudden rate spikes. On the cost side, 

the doubling of the maximum container 
ship size has reduced total vessel costs per 
transported container by roughly a third 
over the last decade. 

INSTALLATION COSTS 
Nevertheless, these cost savings are not 
expected to continue at the same rate 
in the future. From the perspective of 
lifecycle costing in the supply chain, any 
further increase in container ship size 
could potentially raise vessel transport 
costs. To illustrate, operators of ports with 
insufficient depth may engage in dredging 
to deepen their waters before they can 
receive the mega ships. New cranes need 
to be installed to reach across larger 
vessels. The cost of installation will be 
further escalated when some sections 
of one pier will need to be reinforced to 
handle the heavier weight of the cranes. On 
the landside, some ports may not possess 
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adequate capacity to handle the increased 
volume of cargo that arrive at the same time 
from larger ships. Even though a port may 
have sufficient acreage across its multiple 
terminals, acreage for storing containers 
(i.e. container yard) within some terminals 
may be inadequate for handling increased 
container volumes. When terminal 
operators seek to increase terminal capacity 
by stacking containers higher, it will be more 
time-consuming and costly to sort through 
when a trucker arrives for pick up. Moving 
beyond the ports, aging roadways impedes 
cargo movement in a door-to-door delivery 
particularly where freight rail, trucks, and 
other road users converge at congested 
crossings and intersections. 

SHARING CAPACITY 
The problem of rising vessel transport 
cost due to increasing vessel sizes can be 
improved by optimizing cost on a system-
wide basis. In our opinion, capacity sharing 
among neighboring terminals offer a 
promising means to meet increasing 
demand for cargo-handling from mega 
ships without incurring hefty capital 
investment. By capacity sharing, vessels that 
are scheduled to arrive at a busy terminal 
are to be transferred to another terminal 
with free capacity, and proceed with the 
discharging and loading of containers with 
minimal delay. To evaluate the gains of 
this proposed management practice, a 
simulation model is constructed to survey 
the capacity requirement planning of major 
resources, such as quay cranes, storage 
space, and gate, in multi-terminal port 
operations where the logistics process of 
a container port can be seen as a typical 
batch process in production planning as 
containers arrived vessel-by-vessel and 
demands for the port resources are time-
dependent. 

Capacity requirements on the resources 
are estimated in the form of workload 
distributions on resources over time 
spanning across the peak and non-
peak periods. The effects on workload 
requirement, arising from multi-terminal 
cooperation, are subsequently examined in 
consideration of different container flows 
among terminals characterised by varying 
transferring rates among the terminals and 
volume of transshipment cargo volume 
relative the gateway traffic. 

INTER-TERMINAL COOPERATION
Experimental results suggest that higher 
transferring rate between terminals will 
reduce the quay crane and storage space 
requirements but aggravate the gate 
congestion as represented by the queue 
length of truck at the yard. Variabilities 
in the quay cranes and storage space 
requirements also increase as containers 

stay in the port for shorter time durations 
but with more frequent changes in 
container inventory at the yard. The 
interaction effect between transferring and 
transshipment rates further shows that 
the average resource requirements for a 
terminal can be greatly reduced when the 
inter-terminal transferring of containers 
contributes positively to a more even 
workload redistribution across terminals. 
The most significant improvement for 
quay cranes requirement is observed 
when transshipment rate and transferring 
rate are moderately high at 85% and 75%, 
respectively. Meanwhile, use of storage 
capacity across terminals is best optimized 
when there is a very high transshipment 
rate (i.e, 90%) coupled with low transferring 
rate (i.e., 60%).  The gate resource benefits 
most in this arrangement of resource 
sharing between terminals when the 
transshipment and transferring rates are 
both moderate (i.e., transshipment rate is 
80% and transferring rate is 75%).

We highlight that inter-terminal 
cooperation also brings about other 
benefits such as higher bargaining power 
as a single port entity against other 
regional competing ports via the provision 
of large capacity in container handling 
service. The need for intelligent capacity 

requirement planning for multi-terminal 
operations is likely to be more critical for 
transshipment hub ports, as the ability to 
provide prompt and adequate handling 
services for large shipping lines is strongly 
associated with revenue. 

However, we need to caution that the 
operations in the collaborating terminals 
inevitably become more complicated 
when a container terminal collaborates 
with its neighboring terminals within a 
port or across ports in the form of resource 
sharing. Resource sharing practices 
among terminals present operational 
challenges for handling strategies in berth 
scheduling, storage space allocation, 
inter-terminal process planning. When a 
container terminal shares its resources 
with others, the container flows among 
the terminals rely on berth schedules that 
indicate arrival plans of vessels. These 
inter-terminal flows involve a subset of 
transshipment containers discharged 
from a vessel at a terminal but required 
to be loaded onto another vessel berthing 
at another terminal. In order to realize 
the gains from such collaborations, an 
operations management system that has 
the ability to make use of the available 
resources efficiently and effectively needs 
to be in place.
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Supply Chain comprises of the entire 
product lifecycle before it reaches a 
customer. However, supply chains were 
relatively simple before globalization came 
into picture. There have been innovations 
in each and every part of supply chain 
which has led to complexity and difficulty 
in tracking of products. The products have 
lost their value and there has been a lack 
of transparency and unethical practices 
involved within various chains around the 
world. In order to overcome this, Blockchain 
has been introduced. Blockchain can 
increase the efficiency and transparency 
of supply chains, and positively impact 
everything from warehousing to delivery to 
payment. 

WHAT IS BLOCKCHAIN 
Blockchain is a shared, immutable ledger 
that is reliable and based on peer-to-
peer business network. Both tangible and 
intangible assets can be stored and traded 
in Blockchain, with benefits of reduced risks 
and costs. Ledgers can also include loans, 

identities, land titles, logistics manifests 
and anything that has value in the real 
world. Bitcoin is one of the applications 
of Blockchain wherein the bitcoin 
transactions can be recorded and stored 
on the blockchain network. The ledger 
is built on the basis of the following key 
characteristics:
1. Consensus: For a given transaction to 

be valid, all members must agree on its 
validity.

2. Provenance: Participants can track a 
given asset and know that its ownership 
would change over time.

3. Immutability: Participants cannot 
tamper the transaction once it has been 
recorded on the ledger. If an error has 
been made, then the transaction can be 
reversed by recording a new corrected 
transaction. Both transactions will be 
visible to the users. 

4. Finality: A single, shared ledger provides 
one place to go to determine the 
ownership of an asset or completion of 
a given transaction

Blockchain works using blocks which 
store information on the business network. 
Each block consists of Data, Hash and Hash 
of the previous block:
1. Data: Data varies depending on the 

type of chain it is involved in. Example: 
For the Bitcoin, it includes information 
about the transaction such as sender, 
receiver, and bank.

2. Hash: Hash provides a unique identity to 
the block. Once the data is determined, 
the calculation for the hash begins. 
Hash can be compared to a fingerprint, 
which is very difficult to tamper with. 
If tampered, the calculations inside 
the block changes and it can be 
easily detected. Thus, this makes the 
blockchain secure.

3. Hash of Previous Block: Each block 
consists of Hash of Previous Block to 
help link the blocks in the network. If 
one block is tampered, it would not 
be able to link to other blocks, and the 
network would break. 

All the information presented in the 
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block is based on a given consensus which 
is provided by the participants. The first 
block is called as the Genesis Block.

It is necessary to define the Proof of Work 
in order to understand the creation of a new 
block. “Proof of Work” is a mechanism that 
slows down the creation of a new block i.e. 
it takes ten minutes to create a new block in 
a Bitcoin network. If anyone tries to tamper 
a block, one would need to calculate the 
Proof of Work for all the following blocks. 
Thus, hashing and Proof of Work make the 
blockchain secure and tamper-free.

MARITIME SOLUTION 
Blockchain can act as a great solution for 
the maritime industry. A majority of the 
shipped goods in the maritime industry 
is slowed by the sheer shipping volume 
and point-to-point communication. The 
implementation of Blockchain can improve 
supply chain efficiency, load traceability, 
and communication efficiency. 

IBM Blockchain Network came up with 
IBM TradeLens, which is a Blockchain 
solution for the maritime industry provided 
by IBM in collaboration with Maersk. 
It enables digital collaboration across 
multiple parties involved in the trade, such 
as shippers, exporters, freight forwarders, 
ports, terminals, ocean carriers, custom 
brokers, government authorities (see Figure 
1). TradeLens establishes a single shared 
view of transactions without compromising 
privacy, details, or confidentiality.

The following presents the three 
important characteristics of TradeLens:

Shipping Milestone Visibility: TradeLens 
provides a Shipment Manager User 
Interface where users can easily track their 
shipments. Users can publish and subscribe 

data involved in the shipment process by 
using TradeLens.Tran sport planning is one 
of the key aspects where users can access 
more than 120 shipment event types that 
are communicated directly by the source. 
It provides permission access, flexibility 
and control for shipping milestones. It also 
provides documents that can be accessed 
by authorized users. 

Digitized Documents: Users can easily 
view shared documents for a given 
consignment, easily identify new version 
of document and guarantees immutability 
and traceability of trade documents. There 
are two types of documents:
1. Structured Documents: These 

documents are built based on industry 
standard and provide ample amount of 
data that can be analyzed with reduced 
errors.

2. Unstructured Documents: These 
documents are in the form of PDF or 
Scans with information to be shared 
among supply chain parties. 

Workflow Automation: Shippers upload 
packing lists as structured documents in 
the blockchain. Data is extracted from the 
packing lists and customer invoices in the 
broker’s system. Once the vessel departs, 
the broker uses this information to create 
a customs declaration form for a faster 
clearance process. All versions of these 
documents are stored in the Blockchain 
to guarantee their traceability and 
immutability.

THE STUDY OF BLOCKCHAIN 
Researchers have recently started with 
studying Blockchain implementation in 
maritime industry. A recent study conducted 
in Nhava Sheva, one of the largest ports in 

India, shows that Blockchain could save 
about $860 million by digitizing the process 
with the help of TradeLens. It could help 
importers and exporters save about $220 
million and $40 million respectively, by 
lowering transport and logistics cost with 
shorter lead time and fewer delays. 

TradeLens helps reduce time on import 
documentation from 67 hours to 35 
hours,and reduce import Total Transport 
and Logistics Costs (TTLC) by 2%. TradeLens 
helps reduce the custom delays by making 
the documents available digitally on the 
shared ledger. Customs officer can easily 
access documents up to three weeks 
prior to arrival, as opposed to currently 
two-to-three days. This would eventually 
help in reducing the import TTLC by 
nearly 4%. TradeLens facilitates faster 
and frequent information sharing, with 
greater accessibility for importing general 
manifests, quicker filing of bill of entry, and 
faster Bills of Entry (BE) payment of duties. 
All of these help in reducing dwell time and 
other indirect costs. 

BLOCKCHAIN BENEFITS 
To conclude this article, we summarize the 
benefits of Blockchain for major players in 
the maritime industry:
• Ports and Terminals: It provides 

information about the deposition 
of shipment at the boundaries.  
Blockchain provides real time 
information about the ports and also 
helps to improve terminal planning. 

• Ocean Carriers: It provides 
information about the deposition 
of information at the ocean leg. 
Blockchain provides flow of information 
to customers and ports/terminals 

Figure 1. Blockchain in the maritime industry
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beforehand. Also, it helps to access real 
time supply chain events. 

• Custom Authorities: It provides 
information about the custom 
clearance status of import and 
export from and within a country. 
Blockchain provides information flow 
and risk assessment with less manual 
paperwork. 

• Freight Forwarders/ 3PLs: It 
provides transportation plan, 
inland events, intermodal 
handoffs and document fillings.  
Blockchain provides an improved tool for 
customs clearance brokerage function 
and also helps in improving traceability 
of goods. 

• Intermodal Transport: It provides 
information about the shipments 
carried by trucks, bridges, and rails.  
Blockchain helps in improving the 
planning and utilization of events.

• Shippers: It provides online information 
to and helps them engage with 
all parties using online platforms.  
Blockchain helps in improving the safety 
stock inventory and the predictability 
and transparency to fees and deadlines.  
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DIGITAL SECURITY 

Cyber security is a growing concern for 
companies in the light of the large-scale 

digitalization process that they have experienced 
and continue to undergo. These rapid 

transformation processes have brought about 
major technological advances and improvements, 

but they have also given rise to new problems 
that must be addressed: cyber-attacks.

Catalina Grimalt, Port de Barcelona, Page 74



As we enter the third decade of the 
21st Century, our ports and terminal are 
facing a dynamic if not turbulent future. 
They are being assailed on all fronts by 
transformational changes in technology, 
business models, the advent of autonomous 
systems, decarbonisation, the changing 
nature of trade and trade patterns including 
a rapidly diversifying workforce, all resulting 
from the Fourth Industrial Revolution.  

We are seeing ever closer integration 
throughout supply chains alongside the rise 
of the digital and data economies enabled 
by high speed interconnectivity. With this 
transformation, we are faced with ever 
evolving and challenging issues around 
security and resilience, driven by the pace of 
this change.  As a transitioning sector we now 
need to adopt highly agile and progressive 
approaches to security in a collaborative 
manner working with our colleagues in 
other areas of the transport sector.

The UK Department for Transport’s (DfT) 
Maritime 2050 strategy recognises this 
change with clear recommendations across 

the sector including around our ports and 
infrastructure. Looking in more detail at 
Maritime 2050, it contains a wealth of 
recommendations and provides the UK 
with a real opportunity to regain a position 
as a leading low-carbons’ innovator in the 
global maritime sector. The UK Government 
has estimated the value of the global ocean 
economy to be $3 trillion by 2030.

CHANGING THE BALANCE 
The new multi-role technologies and their 
deployment, whether in the air, on land, at 
sea or in space are being developed rapidly 
and are changing the balance between their 
operational domains. This innovation is 
being driven by global demand in consumer 
markets and other civilian applications. 
Let’s speculate for a moment about just 
how our maritime world will look in this 
new advanced technology future, driven by 
the Fourth Industrial Revolution. 

We will see smart ships, exploiting 
advanced navigation and communications 
technologies such as 5G, with on-board 

sensors and intelligent systems, using 
lightly manned semi-autonomous, and in 
time, unmanned and fully autonomous 
capabilities. They will operate seamlessly 
with digital, inter-connected ports and 
trading systems, which use autonomous 
vehicles and remotely operated loading/
unloading facilities to drive up efficiency 
and productivity.  Logistic and asset data 
from disparate sources is handled using 
technologies such as block chain to quickly, 
securely, and accurately, connect owners, 
operators, hauliers, traders, insurers and 
supply chains, with real time information 
about their products or assets.  

DRIVING PRODUCTIVITY 
This will lead to greatly enhanced speed 
and productivity of shipping and port 
operations driving a change to the types 
and volumes of goods and services which 
are traded internationally by sea. The  
adoption of technology-enabled security 
enhancements, and as defined by the 
International Maritime Organisation‘s 
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(IMO) Code of Practice for global sea trade, 
will increasingly influence customer and 
supply-chain choice as to where trade 
takes place in a world where cyber and 
piracy threats may also disrupt established 
commercial trade routes and practices.

We are already seeing the increasing rise 
in alternative transport models, moving 
from road-based solutions to adopt short 
sea and coastal shipping solutions removing 
congestion and emissions from the roads 
of the UK. These will be autonomous 
ships, operated and supervised remotely, 
capable of entering smaller ports, driving 
regulatory change, introducing potential 
new operating paradigms and alongside 
this, the need for new operating practices 
and procedures. A key element will be 
the ability to maintain and safeguard the 
required high levels of physical, cyber, 
personnel and information security.

DIGITAL TRANSFORMATION 
Many ports are now undertaking 
digital transformation modernisation 
programmes, often integrating existing 
legacy systems with new technologies to 
deliver enhanced operational solutions 
and reduce ‘outside’ threats. This gives rise 
to several interdependent challenges for 
maintaining the security and resilience of 
our ports and harbours and through into 
the enterprise:
• The fast-paced technological changes 

will require us to adopt highly agile and 
robust mechanisms to maintain security 
at all levels throughout the enterprise 
and its supply/value chain, collaboration 
will be essential if we are to avoid 
security weak links.

• There will be a need for continuous 
investment in maintaining and updating 
security systems both physical and 
cyber, to stay ahead of emerging threats, 
security and resilience will need to be a 
central part in operational technology 
development and selection.

• As technologies such as the Internet 
of Things, 5G and cloud-based systems 
continuously evolve and generate 
colossal amounts of data, new methods, 
controls and governance will be required 
to safeguard critical data, whilst also 
maintaining compliance with emerging 
regulations and  requirements, for 
example General Data Protection 
Regulation (GDPR), as well as the 
protection of mission critical commercial 
information.

• The digitalization of the operating 
methods, will require us to move 
away from traditional perimeter type 
methods of protection such as firewalls, 
etc, we will need to build in safeguards 
within our systems to compartmentalise 
any compromised systems rapidly, in 

particular solutions with links to publicly 
accessible networks

• Sub-contractors and other third parties 
will need to be carefully assessed and 
their compliance with security and 
resilience required assured before they 
are contracted to work in our ports. 

• The development of enterprise wide 
regulatory standards needs to be 
addressed and appropriate measures 
for enforcement adopted.

• The human element will become 
critical, the design of the systems, 
their operating practices and the 
training of the individuals needs to be 
a key element. Solutions which focus on 
technology solutions to drive economic/
business benefits may fail to address the 
people aspects could lead to security 
weaknesses, disaffected staff and 
ultimately to the enemy within, where 
deliberate acts of sabotage take place 
(insider threats). If we are to benefit 
from the technology and reduce security 
risks, we will need highly trained, 
motivated and committed personnel or 
we simply will not achieve competitive 
edge. A key element will be sourcing and 
training future talents, and developing 
transferrable skill sets across existing 
workforces, that are able to take full 
advantage of future technologies and 
much leaner organisations.

We need to think hard about how the 
maritime sector can afford to make all these 
changes. It is a capital-intensive business – 
ports and port infrastructure is expensive 
to build, and they are built to last a long 
time, meaning margins are often low. Given 
the extent of changes the industry is under 
pressure to implement – new physical 
infrastructure, new technologies, expanded 

trainings for personnel – there are significant 
concerns around whether businesses can 
make the transformation a financially secure 
one. Failure to adopt new technologies 
carries the risk of becoming obsolete, yet 
the process of transitioning is a risk, security 
must not be seen as a bolt on.

As an enterprise we now need to consider:
• Dependencies: how reliant will our 

business be on a future highly connected 
data and information ecosystem to drive 
operations and how will this change 
over the coming decade?

• Risks and vulnerabilities: what are the 
areas of our business where disruption 
will have significant and unintended 
consequences and how can we build in 
resilience?

• Governance and decision making: have 
the leaders of our businesses validated, 
understood and have evidence of how 
they made, and monitor, decisions relating 
to investment in security and cyber?

BMT sees a future in which many local 
and multinational consumer companies 
not only thrive within sectors, but go deep 
into one country and then proliferate 
across its business environment, thus 
appreciating the need for collabora¬tion 
and local relationships which are critical 
for the growth of your business in a data-
driven world. No one company can have 
a complete set of skills and capabilities to 
take a view of the sector, we need to blend 
experts in shipping with experts in port and 
harbours, experts in data and analytics and 
experts in security and cyber. To deliver 
this as a unified, connected system and to 
get all the necessary economic benefits, 
we need to work together to bridge these 
different silos and encourage cross-interest 
collaboration.
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Cyber security is a growing concern for 
companies in the light of the large-scale 
digitalization process that they have 
experienced and continue to undergo. 
These rapid transformation processes 
have brought about major technological 
advances and improvements, but they 
have also given rise to new problems that 
must be addressed: cyber-attacks.

The technological environment that 
is a feature of modern ports entails a 
heightened risk from cyber threats, 
making greater protection essential. Cyber 
criminals can attack from multiple points of 
entry and, moreover, the interdependence 
of systems and electronic devices, the 
relative ease with which successful attacks 
can be made and the profit derived 
from them, along with the difficulty of 
identifying the culprits, lead to a rise 
in attacks of this kind. Security must be 
boosted in parallel with the increase in the 
digital services on offer. 

THE PORT OF BARCELONA
The Port of Barcelona, in addition to the 
usual protection and defence measures 
taken by any company, has had a cyber 
security plan in operation for a number 
of years that focuses on various aspects: 
adapting legislation, developing specific 
policies, simulating attacks and training 
employees, among others. 

An important infrastructure like a port 
is subject to daily attacks, consisting of 
vulnerability scans of its public IPs. However, 
the truly worrying attacks are the ones that 
cannot be seen. For this reason, the Port of 
Barcelona constantly performs a wide range 
of monitoring activities in collaboration 
with a number of public and private bodies 
to provide an optimal service. 

As a result of all these changes, we have 
been able to put a cyber security plan in 
place that is aligned with the global strategy 
of the port, improve security in computer 
systems and applications, provide cyber 

security support for new developments, 
raise employee awareness, constantly 
manage security, preventively and reactively, 
and apply clearly defined security policies.

THE ROLE OF PORTS IN THE SUPPLY CHAIN
In addition, the role of ports in the 
supply chain is to be the point of origin 
or destination of goods. The remaining 
processes in the chain are undertaken 
by other companies. For this reason, any 
disruption or problem in the chain affects 
both the end customer and many other 
companies.

The Port Authority is just one more 
link in the supply chain. As such, the Port 
of Barcelona has already begun to work 
on contingency and resilience plans in 
conjunction with the companies that 
operate in the port or whose activity is 
associated with the port territory. In this 
regard, it is essential to share information 
to minimise the impact on the supply chain. 

PORT CYBER SECURITY 
A CHALLENGE FOR EVERY LINK IN  
THE SUPPLY CHAIN
Catalina Grimalt, Deputy manager of Organisation and Internal Resources,  
Port de Barcelona 
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COORDINATION AMONG COMPANIES THAT 
OPERATE IN THE PORT
Coordination structures are in place to share 
information by using other technological 
forums. As an ambition for the years ahead, 
the Port of Barcelona intends to establish 
a coordinated connection space to give a 
unified response to any threats that unfold. 

In the past, the movement of goods was 
virtually independent of the movement 
of information. Today, most companies 
rely heavily on processes that can only 
be performed by using technology. 
For example, terminal or warehouse 
movements, which in many cases are 
now highly automated; documentation 
processes with public administrations 
that can only be completed electronically 
or documentation processes between 
companies to move goods in ports, which 
are based on the information available in 
the port community systems’. 

In this scenario, it is essential to 
coordinate all the companies that operate 
in the port in a number of respects. Firstly, 
so that the various companies are able to 
share, quickly and effectively, a number of 
good cyber security practices. Secondly, 
to share early warnings for incidents 
that may occur in businesses in the 

community. Finally, to draw up response 
plans for joint incidents to minimise the 
possible impact of an incident on the 
operation of the chain. 

NEW CHALLENGES
The complexity of the situation gives 
rise to highly varied new challenges. 
One of the most important is ending the 
shortage of trained and reliable engineers 
who are able to work in cyber security. 
Another challenge concerns the control 
mechanisms of a public company and the 
changes that occur as regards technologies. 
Consolidating these challenges is one 
of the main risk factors that must be 
addressed daily. Finally, awareness by 
company employees of the importance 
of cyber security and the major role that 
their actions play in facilitating the work 
of some cyber criminals is crucial to avoid 
certain attacks.

It must be understood that this requires 
a change of mentality for the whole 
company and that is a truly profound 
change. In this context, the awareness 
and training of port workers is crucial. It 
is also important to bear in mind that it 
is impossible to achieve absolute security. 
As such, it is necessary to have protocols 

in place for each known type of cyber 
attack.

Finally, the main technological challenge, 
given the large number of possible solutions 
and options, is finding the response that can 
offer the greatest value to our companies 
at the best possible cost and implementing 
it as a priority. In addition, these measures 
must be introduced at every level: from 
each employee's post, to applications, their 
development and the use made of the 
applications by users. 
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The Safety and Shipping Review 2019 
conducted by Allianz has again identi fi ed 
cyber security as a signifi cant threat. In 
this annual review, cyber incidents rank 
as the second top risk for the mariti me 
and shipping sector. With major cyber-
att acks on the rise over the last few years, 
like the NotPetya that aff ected supply 
chain multi nati onal companies including 
Maersk and FedEx’s European subsidiary 
TNT Express, many organizati ons are 
trying to reduce their cyber risk exposure. 
As the industry is also experimenti ng 
with blockchain and distributed ledger 
technologies to increase effi  ciency, what 
are the security implicati ons?

MEETING IN THE MIDDLE 
The debate around blockchain security is 
rather polarized. On one end of the spectrum, 

mostly due to the poor security reputati on 
of cryptocurrencies, blockchain is perceived 
as inherently insecure and unfi t for most use 
cases requiring privacy protecti ons. On the 
other end, it is viewed as a cryptography-
nati ve and hence “unhackable” technology. 
The truth lies somewhere in the middle. 

The belief that blockchain is inherently 
insecure is inaccurate, as most of the 
security issues reported have had more to 
do with overlooked traditi onal informati on 
security challenges than with technological 
fl aws unique to blockchain technologies. 
On the opposite side, Deloitt e, in its 2019 
global blockchain survey, reported that 
over two-thirds of enterprises believe in 
the inherent security guarantees off ered 
by blockchain. This line of thought is 
equally dangerous, for it can lead to a lack 
of due diligence. 

Determining the facts has been problemati c 
and abound with hyped claims and 
misleading terms from soluti on providers and 
others abound. This could lead to inaccurate 
evaluati on of cybersecurity risks and an over-
reliance on blockchain technology. 

COMPLETE UNDERSTANDING 
It is true that blockchain can improve resilience 
of the system. The applicati on of consensus 
mechanisms provides more resiliency. 
Blockchain networks are also harder to 
take down because their distributed nature 
creates many targets instead of just one. 
However, it is very important to understand 
that a risk profi le changes drasti cally by use 
cases, scale of deployment, and potenti al 
threats. Therefore, good security features 
of blockchain are deployment and design 
specifi c. 

THE DEBATE AROUND 
BLOCKCHAIN AND 
CYBERSECURITY 
LOGISTICS 4.0
Adrien Ogee, Lead Security Technology and Innovation, World Economic Forum Centre for Cybersecurity 
and Soichi Furuya, Senior Researcher, Hitachi
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Effective cybersecurity is dependent on 
a sound risk management approach; from 
careful engineering and system design, 
to code review, penetration testing, user 
awareness and governance – using a 
blockchain alone generally does not add 
value. While there will be different security 
challenges in cybersecurity depending 
on if the blockchain is public or private, 
permissioned or permissionless and other 
variables, there are some transverse building 
blocks that help companies who are turning 
to blockchain do so with confidence. 

TEN-STEP PROCESS AND SMART PORTS 
“At the World Economic Forum, we created 
a ten-step secure deployment process for 
companies in the supply chain industry to 
consider before embarking on the blockchain 
journey,” says Nadia Hewett, Blockchain 
and Distributed Ledger Technology project 
lead at the World Economic Forum Centre 
for the Fourth Industrial Revolution. The 
blockchain secure development process 
foresees ten steps, from acquiring human 
capital and defining security goals, all the 
way to monitoring, auditing and responding 
to cybersecurity incidents. This framework 
is part of the project Redesigning Trust: 
Blockchain for Supply Chains, led by the 
World Economic Forum, with participation 
from 100+ public and private sector entities.

The Head Strategy and Innovation at the 
Valencia Port Authority, Ramón Gómez-
Ferrer, confirmed the importance of 
following such a framework, which can help 
highlight pinpoints such as the difficulty to 
ensure data confidentiality. Such findings 
guided the development of the blockchain 
proof-of-concept the Valencia Port 
Authority used for its Smart Port initiative . 

“It is important to note that, while 
introducing risk management principles 
and various solutions to increase 
immunity to cyber-attacks, it is not 
enough. Security is a continuous process 
that requires constant vigilance,” adds 
Hewett. “Additionally, distributed ledger 
technologies pose novel challenges 
to security practitioners, notably 
decentralized security governance. How 
will blockchain consortiums manage crises 
in a fast and effective manner, when not 
one but ten or fifty Chief Information 
Security Officers need to agree on a 
common mitigation plan?” 

Blockchain is not a go-to technology to 
reduce cyber risk exposure. It brings about 
certain security advantages, notably around 
supporting data integrity and availability, 
but like any other technology, it also brings 
about a set of risks. 

The long-term sustainability of any 
blockchain platform will necessarily require 
an ecosystem approach at the business layer. 
And this is probably the biggest challenge 
that blockchain poses to cybersecurity 
practitioners. Security has always been a 
centralized affair and breaking the discipline 
open, from egosystems to ecosystems, will 
require a paradigm shift.
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ENVIRONMENT AND 
SUSTAINABILITY 

The implications of climate change are serious; 
ports are suffering direct structural damage 

to quay walls and cargo yards, companies are 
experiencing unscheduled delays, disrupted 

turnaround times and even closures. 
Charles Haine, WSP, Page 84 



It is widely recognised that the Arctic - the 
most important early warning system for 
climate change on our planet - is under 
pressure. Climate change is fuelling 
temperature rises double the rate occurring 
elsewhere, and the recently published 
Intergovernmental Panel on Climate 
Change’s Special Report on the Ocean and 
Cryosphere in a Changing Climate (SROCC) 
identifies that over several decades, there 
has been loss of ice sheets and glaciers 
and reductions in Arctic sea ice extent and 
thickness. Between 1979 and 2018, the 
areal proportion of multi-year ice at least 
five years old in the Arctic declined by 
approximately 90%. Arctic summer sea ice 
loss is projected to continue until the middle 
of this century, with what remains projected 
to disappear before the end of the century, if 
national governments and the international 
community fail to fulfil the Paris Climate 
Agreement to limit global warming, while 
some scientists believe it could be sooner. 

INCREASED SHIPPING 
This loss of Arctic summer sea ice is already 
leading to increased shipping in the Arctic 
during the summer months and is expected 
to provoke dramatic increases in volumes 
of goods being shipped on the Northern 
Sea Route. As sea ice melts and opening 
Arctic waters further, even larger non-Arctic 
state-flagged vessels are likely to divert to 
Arctic routes in search of shorter journey 
times in order to save costs. Combined 
with an increase in Arctic States targeting 
previously non-accessible resources such 
as oil and gas, more vessels operating in 
Arctic waters will increase the risk of HFO 
spills and lead to higher emissions of black 
carbon into the Arctic atmosphere.

Recent figures, derived from research  
investigating the type of marine fuels used 
in the Arctic show that while the number of 
ships using heavy fuel oil (HFO) is less than 
half of all ships, the volume of HFO carried 
is greater than any other fuel type and is on 

the increase. In the Arctic between 2015 
and 2017, there was a 30% increase in the 
numbers of ships using HFO, with a 46% 
increase in the volume of HFO carried and 
57% increase in HFO used. 

RISKS ASSOCIATED WITH THE USE OF HFO 
IN THE ARCTIC
HFO, also known as residual fuel oil, is the 
most viscous fuel oil used in the marine 
environment. The use of HFO in Arctic 
waters poses unacceptable risks to the 
marine environment in this fragile region 
and to the food security of Arctic Indigenous 
people who depend on marine resources for 
their subsistence and livelihoods. Already 
banned in Antarctic waters, if HFO is spilled 
in cold polar waters, it breaks down slowly, 
proving almost impossible to clean up. A ban 
on the use of HFO in the Arctic waters is the 
simplest and most effective way to mitigate 
the numerous risks associated with the use 
and carriage of HFO as fuel.

ARCTIC HFO BAN  
IS IN SIGHT
BUT LOOPHOLES STILL TO BE NAVIGATED 
Sian Prior, Lead Advisor, and Dave Walsh, Communications Advisor, 
Clean Arctic Alliance
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Due to its high viscosity, HFO breaks 
down slowly in the marine environment, 
particularly in colder areas like the Arctic. 
In the event of an HFO spill, lack of 
infrastructure, severe weather conditions, 
and navigational hazards such as sea 
ice, would make spill response efforts 
nearly impossible. Studies on the long-
term impacts of an Arctic spill have also 
demonstrated that oil can remain within 
the affected area for more than a decade, 
affecting the growth and reproductive rates 
of various species.

Compared to other marine fuels, 
when HFO is burned it produces harmful 
and higher emissions of air pollutants 
including black carbon (BC), a critical 
contributor to human-induced climate 
warming, especially in the Arctic region. 
BC is responsible for one-fifth of global 
shipping’s climate warming impact in the 
short-term. When BC falls on light-coloured 
surfaces, such as snow and ice, it speeds up 
the melting and also reduces the amount 
of sunlight reflected back into space. This 
accelerates snow and ice melt resulting in 
a self-reinforcing cycle of land and sea ice 
melting and climate warming.  

In addition, emissions from shipping 
pose a substantial risk to human health. 
Studies have shown that air pollutants 
resulting from the combustion of HFO, 
such as sulphur oxide, nitrogen oxide, 
particulate matter, and BC, can increase the 
risk of heart and lung diseases, as well as 
premature death.

Many indigenous communities in the 
Arctic region depend on marine resources 
as a primary source of food, clothing, 
materials for handicrafts, and income. An 
HFO spill in the Arctic will have devastating 
consequences on these communities and 
the resources they depend on for their 
nutritional, cultural, and economic needs.

LATEST DEVELOPMENTS TO REGULATE HFO 
IN THE ARCTIC
In recognition of the risks that international 
shipping poses to the Arctic, in February 
2020 the International Maritime 
Organization’s (IMO) sub-committee on 
Pollution Prevention and Response (PPR) 
annual meeting considered two agenda 
items with an Arctic focus. Dubbed the 
“IMO Arctic Summit” by environmental 
groups, PPR 7 considered the draft 
language for a proposed ban on the use 
and carriage as fuel of HFO in the Arctic, 
along with measures to reduce the impact 
of BC emissions from shipping on the 
Arctic. As the week-long meeting came to 
a close, environmental non-governmental 
organisations and Indigenous groups 
cautiously acknowledged progress by the 
IMO and its Member States in agreeing the 
text of a draft Arctic HFO regulation, but 

denounced the inclusion of exemptions and 
waivers that meant a ban will not come into 
effect until 2029, leaving the Arctic exposed 
to the growing threat of HFO spills for close 
to another decade.

The draft Arctic HFO regulation proposes 
that there will be no change in the use 
and carriage of HFO in the Arctic before 
the middle of 2024, when the regulation 
first starts to take effect, and the Arctic will 
not be rid of HFO until July 2029. Although 
the carriage and use of HFO in the Arctic 
will be restricted from mid-2024, there 
are two “loopholes” - the first a provision 
which allows vessels with protected fuel 
tanks and built after 1 August 2010 to 
delay the implementation of the ban until 
2029. The second loophole allows Arctic 
countries whose coastline borders Arctic 
waters to be able to issue waivers to ships 
that are both flying their flag and operating 
in waters under their jurisdiction. An initial 
examination of the draft regulation by the 
Clean Arctic Alliance found that, based 
on current Arctic shipping levels, these 
loopholes could mean that over three-
quarters of the HFO use in the Arctic 
continues beyond 2024, which equates to 
more than two-thirds of the HFO carried on 
board vessels as fuel.

Of further concern is that these loopholes 
will result in an increase in HFO use and 
carriage in the Arctic between 2024 and 
2029. With HFO use already increasing, 
and likely to carry on rising, the loopholes 
will mean that as older ships (covered by 
the regulation) are replaced with new ships 
with double-hulls or protected fuel tanks 
(exempt from the regulation until 2029), 
the amount of HFO used and carried in 
the Arctic will increase. In order to protect 
Arctic coastal communities and the Arctic 
ecosystem from the risk of HFO spills and 
higher levels of air pollution, the Clean 
Arctic Alliance is calling on IMO Member 
States to invest further effort to strengthen 
the implementation timelines, and tighten 

- or better still remove - the loopholes 
which delay the implementation of the 
draft regulation for double-hull vessels and 
vessels with protected fuel tanks and which 
allow waivers.

Due its dissatisfaction with the lack 
of ambition in the IMO draft Arctic HFO 
regulation, particularly at a time when the 
climate crisis is already having significant 
impacts across the Arctic, and when 
Arctic traffic is increasing year or year, the 
Clean Arctic Alliance is seeking a stronger 
commitment to protecting the Arctic from 
the impacts of shipping. 

The draft Arctic HFO regulation will now be 
forwarded for approval to the 76th session of 
the IMO’s Marine Environment Protection 
Committee which will meet in October 2020. 
In the interim, the Clean Arctic Alliance will be 
calling on the shipping sector to voluntarily 
switch to distillate or cleaner, alternative 
fuels while operating in the Arctic. 

ABOUT THE AUTHORS

Dr Sian Prior has over 25 years of experience 
of contributing to a variety of international 
marine management and conservation 
campaigns and intergovernmental 
frameworks including the International 
Maritime Organization. Dave Walsh has 
spent two decades helping shape the 
communications strategies of non-profit 
environmental organisations, supporting 
campaigns to protect the Arctic, Antarctica, 
and fisheries worldwide.

ABOUT THE ORGANIZATION

The Clean Arctic Alliance is a coalition of 19 
non-profit groups, based in Arctic or Arctic-
observer countries, that are campaigning 
to prohibit the use and carriage of heavy 
fuel oil (HFO) as fuel in the Arctic. 
http://www.hfofreearctic.org/

WWW.PORTTECHNOLOGY.ORG80   EDITION 95

ENVIRONMENT AND SUSTAINABILITYENVIRONMENT AND SUSTAINABILITY

ENVIRONMENT AND SUSTAINABILITY
IN PARTNERSHIP WITH  

ENVIRONMENT AND SUSTAINABILITY
IN PARTNERSHIP WITH  



Electrification and automation are the 
keys to sustainable success at the HHLA 
Container Terminal Altenwerder in 
Hamburg. 

The port’s central location within 
Hamburg, a city of over 1.8 million 
inhabitants, poses challenges for port 
operations. Hamburger Hafen und 
Logistik AG (HHLA), which operates five 
container terminals in Europe, is aware 
of its responsibility to protect the climate 
in the Port of Hamburg and has been 
implementing measures for economically 
efficient and environmentally sustainable 
container handling for many years. 
The self-imposed target to reduce CO2 
emissions per handled container by at 
least 30% by 2020 was thus achieved 
ahead of time in 2018. HHLA has now set 
itself new goals. The European logistics 
company is working on halving its absolute 
CO2 emissions by 2030 against the figures 

from 2018. The aim is to make the entire 
HHLA Group climate-neutral by 2040.

In implementing its “Balanced Logistics” 
sustainability strategy, HHLA is emphasizing 
its commitment to bringing together 
environmental, social and economic 
responsibility. Each is a prerequisite for 
the others: through economic success, the 
company has the means and opportunity 
to invest in climate-friendly technologies 
and to meet its responsibility to society 
and the environment. 

USING TECHNOLOGICAL EXCELLENCE TO 
BECOME A CLIMATE-NEUTRAL GROUP
In view of the above, HHLA regards 
innovation and technical excellence as 
crucial elements in developing sustainable 
solutions, being environmentally 
responsible and operating successfully. 
Investing in innovative, climate-friendly 
technologies at an early stage will allow 

the company to achieve sustainable 
results faster, which are equally accepted 
by shareholders, customers, employees 
and society. 

In keeping with this conviction, the 
world’s first certified climate-neutral 
container terminal has now been 
developed: HHLA Container Terminal 
Altenwerder (CTA) in the Port of Hamburg. 
The CTA’s certification is a clear example of 
how innovation and automation can help 
container handling to become climate-
neutral. Certification was first carried out 
in 2019 through TÜV NORD CERT GmbH.

The facility located at Hamburg’s 
Süderelbe river is one of the most 
technologically modern and efficient 
container terminals in the world and has 
been in continual development since it 
commenced operations in 2002. Operations 
at CTA are now primarily powered by 
green electricity. Terminal processes that 

THE WORLD’S FIRST 
CERTIFIED CLIMATE-NEUTRAL 
CONTAINER TERMINAL 
Jan Hendrik Pietsch, Corporate Sustainability Manager, 
Hamburger Hafen und Logistik AG
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still produce CO2 emissions today will be 
gradually electrified, or their transition to 
electrical power will be field-tested.

AGV TRANSITION TO LITHIUM-ION 
BATTERIES
Seaborne handling (14 container gantry 
cranes) and block storage (26 storage 
blocks/52 gantry cranes) have always been 
electrified and are powered by up to 100% 
green energy. The approximately 100 
automated guided vehicles (AGV) used at 
CTA for transport between block storage 
and container gantry cranes are currently 
being gradually converted to use lithium-
ion batteries as their source of power. 
Of the AGVs, 50% are already powered 
entirely by green electricity. By 2022, all 
AGVs are to dispense with combustion 
engines and will have made the switch to 
lithium-ion technology. Upon completion 
of these measures, the eco-friendly 
vehicles will be able to independently and 
automatically recharge using green energy 
at 18 electric charging stations.

For onshore handling, prototype tests 
of battery-powered tractor units for the 
transportation of containers between 
block storage and the rail terminal are 
currently being carried out. As soon as 
a technically satisfactory, operationally 
feasible and commercially viable solution 

for emission-free tractor units has been 
found, it will be implemented. The rail 
terminal which, with four rail gantry cranes 
and nine tracks, is the largest of its kind in 
Germany, will also be powered exclusively 
by green energy. Even the check vehicles 
which staff members use to get around 
the terminal are climate-neutral electric 
vehicles.

COMPENSATING FOR UNAVOIDABLE 
EMISSIONS
The CTA has been certified by the TÜV 
NORD in accordance with the TN-CC 020 
standard “Calculation & Verification of 
Carbon Footprints & Carbon Neutrality” 
to compensate for the CO2 emissions that 
are still being released. As an independent 
verification body, TÜV NORD has calculated 
the current CO2 footprint of CTA. This 
included factors such as continued diesel 
and gas consumption, employees’ daily 
commute and upstream supply chain 
emissions for all energy sources used. A 
5 percent uncertainty factor is included 
in the calculation of the CO2 value and 
is counteracted by HHLA’s targeted 
compensation measures. The uncertainty 
factor is deliberately very high, to be on 
the safe side in calculating CO2 emissions. 

HHLA compensates for CO2 emissions 
that are still being generated through 

emissions reduction certificates and 
supports three compensation projects, 
which are certified according to the highest 
gold standard of Voluntary Emission 
Reduction (VER): wind farms in India, low-
friction anti-fouling paint for ship hulls and 
reforestation of rainforests in Panama. 
CTA’s CO2 footprint will be reviewed again 
by TÜV NORD this year.

CTA AS TEST LABORATORY FOR MOBILE 
POWER STORES
As a highly automated and electrified 
handling facility, CTA is also used for the 
research that is being conducted for a 
number of forward-looking projects. 
For example, there is research and 
development work being carried out as part 
of the funded project FRESH. The acronym 
FRESH stands for Flexibilitätsmanagement 
und Regelenergiebereitstellung von 
Schwerlastfahrzeugen im Hafen (Flexibility 
Management and Balancing Energy 
Provision for Heavy-Duty Vehicles in the 
Port). One of the greatest challenges of 
the energy transition in Germany is the 
safeguarding of grid stability. By now, the 
share of renewable energy sources in 
the German electricity mix sits at 40%. 
This development requires technical 
solutions by the network providers so that 
companies and private consumers may 
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soundly be supplied with electricity at all 
times. Together with its partners, HHLA 
is determining the extent to which the 
battery capacities of the automated guided 
vehicles used at CTA could be connected to 
the German grid as flexible power stores in 
order to provide primary balancing power 
under commercial conditions to ensure 
grid stability. A process and software 
solution for electricity market access will be 
developed in the course of the three-year 
research project. It will digitally control 
the demands of the virtual power plant 
operator and smooth terminal operations. 
After all 100 AGVs have made the switch 
to fast-charging lithium-ion batteries 
by 2022, on the basis of calculations, 
HHLA could make 4 megawatts of power 
available to the electricity market at the 
CTA’s 18 future electric charging stations. 
Through this, HHLA would be carrying out 
pioneering work in the field of grid stability 
and supporting the energy transition in 
Germany.
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Ports and waterways around the world are 
some of the fi rst recipients to experience 
the eff ects of climate change. Port faciliti es 
are exposed to increases in air and water 
temperatures, rising sea levels, and 
changes in parameters such as seasonal 
precipitati on, wind and wave conditi ons. 
Most are also seeing more frequent and 
severe extreme weather events such as 
storms, heatwaves and droughts.

NEED FOR GUIDANCE
The implicati ons are serious; ports are 
suff ering direct structural damage to 
quay walls and cargo yards, companies 
are experiencing unscheduled delays, 
disrupted turnaround ti mes and even 
closures. Operati onal systems are also 
under additi onal stress; for instance, 
aft er Hurricane Sandy on the east coast 

of the USA in 2013, the Port of New York 
and New Jersey was closed for a week 
while the re-opening of cargo terminals 
and support faciliti es was further delayed 
because of power failures and damage to 
ancillary equipment. Extended drought 
conditi ons on the River Rhine in Germany 
– a result of the long heatwave in Summer 
2018, low rainfall and reduced supply 
from glaciers – led to restricti ons on 
river shipping throughout the remainder 
of the year, in many cases making river 
secti ons impassable and cu�  ng-off  freight 
suppliers from their markets.

Even if the world moves quickly to 
decarbonise, we will sti ll be locked-in 
to decades of climate change impacts. 
This presents a signifi cant risk to port 
businesses, operati ons and acti viti es 
and ulti mately safety and the integrity of 

infrastructure. The repercussions will be 
felt in local, nati onal and global economies. 
Waterborne transport infrastructure 
and its connecti ng interfaces can also be 
adversely aff ected.  What is clear is that 
port authoriti es, terminal and waterway 
operators and asset owners need to take 
urgent acti on to strengthen resilience and 
adapt to these changes.

THE METHODOLOGICAL FRAMEWORK
Guidance has been prepared by 
internati onal experts on PIANC’s Working 
Group 178 which has focussed on planning 
for climate change adaptati on in operati onal 
seaports, inland waterways and navigati on 
infrastructure. Some references are made 
to greenfi eld sites, but the emphasis of the 
Guidance is on helping those responsible for 
strengthening resilience in existi ng faciliti es. 

CLIMATE ADAPTATION 
TOOL FOR PORTS
PIANC WORKING GROUP 178 AND ITS 
PRACTICAL TOOLKIT 
Charles Haine, Technical Director, Maritime sector lead, Environment, WSP and 
Jan Brooke, Chairperson, PIANC Permanent Task Group on Climate Change 
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The Guidance discusses the potential 
consequences of climate change and some 
of the challenges to be addressed if ports 
and waterways are to adapt effectively. 

It then introduces a four-stage 
methodological framework to help port 
and waterway owners and operators plan 
for improved resilience (see figure 1).

 Stage 1 describes a range of foundational 
actions that will assist both those tackling 
climate adaptation planning for the first 
time or those wanting to refresh an 
existing programme of activities. The 
Guidance encourages the user to establish 
the ultimate objective and key goals, and 
the time horizons over which these need 
to be achieved. The port will need to take 
its list of critical assets, operations and 
systems and establish the climate impacts 
to which each is susceptible. 

An often-overlooked part of climate 
resilience programmes is the extent to 
which interested and diverse stakeholders 
can contribute immense value through 
sharing local knowledge and lessons 
learned from their experiences in and 
around the port. The identification 
of relevant internal and external 
stakeholders and making sure they are 
properly engaged and play a proper role 
in the process is vital. The Working Group 
heard great examples of participation 
by harbourmasters and pilots, who have 
deep knowledge of long-term weather 
patterns and local hydrodynamics through 
to landowners on adjacent properties to 
the port, who had a better understanding 

of surface water flows and sedimentation 
problems associated with heavy storms.  

One of the biggest reasons for delaying 
acting on climate adaptation is the sheer 
complexity and scale of the challenge to 
understand the science of climate change. 
In Stage 2, the Guidance therefore sets out 
to help the user better understand how 

future changes in the climate will affect 
many of the critical maritime and inland 
infrastructure assets identified in the Stage 
1 inventory. By researching key data sources 
available for relevant geographies, and 
signposted online, the user will be able to 
user identify which climate parameters and 
processes are most relevant to their port. 

Figure 1 - The four stages in the climate adaptation planning process

Impact 

Flooding due to overwhelmed drainage systems or high groundwater levels � �

Overtopping due to high river flows, high tides or storm surges � � �

High in-channel flow velocities or changes in sea state � � �

Low river flow conditions, drought or reduced water supply �

Changes in bathymetry, or sediment or debris transport � � �

River, sea or bank erosion � � �

Fog or orther reduced visitbility issues � � �

Wind speed, strength, direction, duration � �

Extreme cold, ice or icing � �

Extreme heat or humidity �

Changes in water chemistry �

Changes in biological character � �
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Table 1 - Examples of relevant parameters/processes based on impact susceptibility
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The Guidance assists the user in 
helping to understand how the selected 
parameters are projected to change 
under different climate change scenarios, 
as developed by the Intergovernmental 
Panel on Climate Change. These are the 
Representative Concentration Pathways’ 
(RCPs), i.e., greenhouse gas concentration 
trajectories, labelled 2.6, 4.5, 6.0, and 
8.5 W/m2 in line with a possible range of 
anthropogenic radiative forcing values in 
the year 2100.    

Stage 2 establishes existing baseline 
data, including information on extreme 
events, collated for each relevant 
climate parameter or process. Ongoing 
programmes of monitoring should now 
have been instigated to enhance local 
knowledge or fill gaps in data (while 
acknowledging and documenting residual 
gaps). Climate changes scenarios have 
been selected in line with the planning 
horizons adopted for the adaptation 
planning exercise and projections collated 
for relevant parameters and processes.  
Both slow onset changes and expected 
changes in the frequency or severity of 
extreme meteorological, oceanographic or 
hydrological events are covered. 

Most port organisations will have an 
established risk management framework 
for assessing its risks, usually for Health & 
Safety purposes. Stage 3 of the Guidance 
builds on the information (on assets) and 
understanding (of climate parameters) 
gained in the earlier stages to help identify 

and assess potential risks associated with 
climate change. The specific advice on 
quantifying risk focusses on understanding 
how climate change is likely to affect existing 
risks or introduce new ones. This will help 
highlight future changes in the vulnerability 
of critical assets, operations or systems.   

Figure 2  -  Summary of the Stage 3 risk assessment in the climate change adaptation planning 
process
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After agreeing the approach to the 
vulnerability assessment and confirming 
changes in susceptibility, the user will 
be able to identify risk indicators and 
highlight vulnerable assets, operations 
and elements of systems (for each climate 
change scenario).  

The final Stage 4 sets out a series 
of steps to identify, screen and, where 
relevant, evaluate, possible adaptation 
and resilience options. These options 
comprise discrete measures or groups of 
measures to deal with the risks identified 
in Stage 3. Adaptation pathways describe 
a sequence of actions (tangible measures, 
modifications or other interventions) to 
be implemented in response to changes 
in meteorological, hydrographic and/or 
oceanographic conditions.   

The overall approach to climate change 
adaptation can be presented as an 
adaptation strategy. The implementation of 
measures on the adaptation pathways, and 
their subsequent performance in meeting 
the objectives of the strategy, are informed 
by monitoring.  Ongoing stakeholder 
engagement activities will help ensure all 
concerns and key issues connected to a 
port’s activities are included. 

Sixteen international good practice case 
studies are appended to the guidance, 
along with various templates to be used 
for data collection and record-keeping. 
The Guidance provides methodological 
support to the recent PIANC ‘Declaration 
on Climate Change’, and also enables 
the wider navigation infrastructure 

community to take timely action to 
strengthen resilience. This fulfils an action 
in the adaptation strand of the ‘Navigating 
a Changing Climate’ partnership’s Action 
Plan, to develop and deliver technical 
guidance on climate change adaptation.  

The increased frequency of extreme 
weather in the last 40 years is forcing ports 
to step-up their plans to minimise the 
impacts and cope with the aftermath of 

those events. The Guidance is the first of 
its kind to develop an approach to planning 
for climate adaption in ports. It provides 
an extensive toolbox of adaptation 
options but helps the user evaluate the 
effectiveness of different options in typical 
climate change scenarios. This will not 
only aid decision-making but will raise 
awareness across the maritime sector to 
prioritise adaptation.
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Table 2 - Examples of phased measures in adaptation pathways 

Impact Measure Conditions triggering action 

Sea level rise leading to 
increasingly frequent flooding 
of one of two general cargo 
berthing and loading areas in 
the port

1 Prepare contingency plan for alternative 
berthing arrangments 

Immediate (no regret) 

2 Instigate monitoring of asset condition Funding is secured 

3 Decision on retrofit of elevated quay 
superstructure vs. replacement asset 

Monitoring of local sea level rise rates or 
asset deterioration or both, indicate the 
acceptable threshold will be exceeded 
within three years 

Increased frequency of extreme 
wave and wind conditions 
exacerbating erosion of the 
mangrove swamp that provides 
the port with natural protection 
from storms 

1 Develop and implement community 
engagement programme on role of 
mangroves as buffer; lobby for strengthened 
legal protection of remaining vegetated 
shorelines 

Immediate (no regret) 

2 Instigate research and trials into appropriate 
mangrove planting and breakwater 
construction techniques 

Funding is secured 

3 Design and implement mangrove planting 
strategy 

Research outcomes are available; funding is 
secured 

4 Design and construct new breakwater (e.g. 
using brushwood or dredged material filled 
geo-tubes) 

Monitoring of changes in wind and 
wave conditions, erosion rates and/or 
the sufficiency of the area of mangrove 
successfully re-established indicate that 
action will be needed within two years 
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VESSEL TRACKING AND 
NAVIGATION 

Every year vessels conducting illegal activities 
cause severe damages to economies 

worldwide, including lowering the security of 
national sea areas. A robust system to identify 

and track suspicious ships and boats is of 
great importance to ensure smooth and safe 

operation processes.
Pekka Laurila, ICEYE, Page 91 



Ship simulators have become much more 
realistic, accurate and quick over the 
last three decades, underpinned by the 
steady growth in the processing power of 
computers. It is of little surprise, therefore, 
that they are playing an ever greater role 
in contributing to port safety through, for 
example: pilot and tug master training, and 
their continual professional development; 
supporting changes in the design of ships, 
ports and terminals, and helping pilots and 
tug masters to become familiar with those 
alterations; and investigating incidents and 
near misses in ports.

EVALUATION, MODELLING AND 
ASSESSMENT 
Simulation has been used by hydraulic 
organisations (including HR Wallingford) 
for over 30 years to evaluate the impact of 
new ships in ports or terminals, in terms 
of manoeuvrability, environmental limits 
and towage requirements. This process 

continues to improve thanks to higher 
quality modelling and higher definition 
images. For new ships or for changes in 
areas such as engine performance, it is 
invaluable to know in advance that the 
vessels will be able to manoeuvre safely in 
port. Ship simulation teams, such as ours, 
therefore build hydrodynamic models of 
the ship before it is constructed (or during 
construction), along with a model of the port 
in question. This includes hydrodynamic 
modelling of current and flows to create 
realistic navigation scenarios. 

Once these models have been created 
and installed in the simulators (typically 
functioning ship and/or tug bridges 
surrounded by a 360-degree simulated 
environment), pilots and tug masters 
can use them to assess the situation or 
develop the best methods to handle 
the ship. This assists in determining the 
limiting conditions in which it can enter 
and leave the port safely. A simulator can 

help a pilot understand, quantify, and use 
the hydrodynamic forces acting on vessels 
to their advantage, which can be many 
hundreds of tonnes on the largest ships. 
Simulations can also help contribute to 
feasibility studies and risk assessments for 
the owner and ship operators/owners.

PORT AND TERMINAL DESIGN
In cases where ports or terminal operators 
wish to investigate possible alterations 
in layout if needed to accommodate 
new ships, simulators can make an 
important contribution to the design 
process. Accurate modelling of a new 
layout can show the impact on navigation 
of alterations. Subsequently, pilots, tug 
masters and vessel traffic service operators 
can all train together in on linked simulators 
to familiarise themselves as a team with the 
new layout. At HR Wallingford, for example 
we have enough simulators to represent 
a whole manoeuvring team at either of 

SIMULATORS  
SUPPORT SAFE PORT 
NAVIGATION 
Dr Mark McBride, Ships and Dredging Group Manager, HR Wallingford, Oxfordshire, UK
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our Ship Simulation Centres in the UK and 
Australia. 

LINKED-UP BENEFITS
As well as linking the machines to examine 
the impact of new vessels or layouts, a 
joined-up approach is also ideal for team 
training. There are many scenarios where 
team training can contribute to port safety 
by, for example, practicing emergency 
response or investigating new manoeuvring 
strategies. Systems can be set up to be 
extremely flexible. For example, all HR 
Wallingford simulators (five in the UK, 
six in Australia) can be easily configured 
to simulate different types of vessels, as 
required.

TRAINING AT ALL LEVELS
Simulators can, of course, also be used 
individually, and they are now widely 
employed in pilot and tug master 
training for learning certain manoeuvring 
techniques, moving up class and refresher 
courses. Pilots can use simulators to 
practice high risk manoeuvres in complex 
areas, such as navigating to a difficult berth, 
to gain confidence and reduce the risk 
of accidents. Simulators can also create 
weather conditions, such as squalls, which 
otherwise may not occur regularly, yet 
require specific expertise. 

It is essential in training that pilots and 
tug masters learn on realistic, high quality 
models of their actual port. The quality of 
simulation combined with the bespoke 
facilities that are specifically designed for 
the simulation of pilotage have been key to 
its success as a training tool. If marine pilots 
and tug masters are operating in a port that 
they know well, their confidence is boosted 
by seeing that the simulator correctly 
replicates existing navigation conditions 
and the layout of the port. 

NEAR MISSES
Another important role in port safety that 
simulators can play is in scrutinising near 
misses or incidents in port. By being able 
to recreate an incident on a simulator, 
port or terminal operators may identify 
a modification that would reduce the 
likelihood of it recurring, for example in 
the layout, procedures, or manoeuvring 
strategies. Taking such actions also 
demonstrates that issues are being 
investigated thoroughly.

FLEXIBILITY
When examining port and terminal designs, 
it is important that the simulation models 
can be altered easily and quickly to allow 
potential changes to the layout to be 
modelled and assessed efficiently. Inbuilt 
flexibility also makes it possible to tailor 
scenarios to the specific training needs 

of the pilots and tug masters. In our Ship 
Simulation Centres, we have personnel 
available to discuss and make modifications 
of all aspects on the spot, as needed.

PEOPLE POWER
While hydraulic modelling capabilities 
and ship handling models are of course 
essential to ship simulation work, the 
support of people on the ground makes 
a real difference. In our Ship Simulation 
Centres, for example, we draw on an expert 
team of experienced maritime engineers, 
master mariners, pilots, tug masters, naval 
architects, scientists and software modelling 

experts, and these are underpinned by HR 
Wallingford’s broader maritime and coastal 
engineering capabilities. 

THE NEXT STEPS
Given that processing power is very likely to 
continue to grow, ship and tug manoeuvring 
models will no doubt become even more 
sophisticated. It will also be possible to 
make even more advances in the detail 
of visual scenes, and models will be able 
to handle more complex data even more 
quickly. Every step forward in simulation 
will contribute to ensuring that navigation 
in ports becomes safer.
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The availability of timely Synthetic Aperture 
Radar (SAR) satellite data provides new 
opportunities for detecting illegally operating 
vessels. By matching vessels detected in 
satellite data with Automatic Identification 
System (AIS) information it is possible to 
identify “dark” vessels immediately and 
actions can be taken to stop suspicious 
maritime activities.

SITUATION OVERVIEW
Every year vessels conducting illegal 
activities cause severe damages to 
economies worldwide, including lowering 
the security of national sea areas. 
Virtually all countries along coastlines are 
facing the threat of illegal fishing, ocean 
dumping, illegal immigration, unauthorized 
transshipment, smuggling of people, arms, 

and drugs. These illegal activities are serious 
risks to legal sea operations, especially 
in the vicinity of ports. According to the 
outcomes of the United Nations “Review 
of Maritime Transport 2019”, the global 
marine trade volumes in 2018 reached 
11 billion tonnes, and in the 2019-2024 
period, will continue rising a 3.4% per year. 
This development increases the pressure 
on the authorities, shipping companies and 
port operators to guarantee unobstructed 
processes since they still suffer from a lack 
of proper and comprehensive information 
to effectively counteract the security 
threats caused by vessels conducting illegal 
activities. A robust system to identify and 
track suspicious ships and boats is of great 
importance to ensure smooth and safe 
operation processes. 

LIMITATIONS OF CONVENTIONAL METHODS
The localization of vessels that do not 
identify themselves through AIS or Vessel 
Monitoring Systems (VMS) is a rather 
complex and demanding challenge. There 
are no effective tools in place that enable 
the monitoring of remote sea areas 
frequently, nor are they detailed enough to 
set up an alert system for taking effective 
actions on dubious activities. Coastal radar, 
as used by national control systems, is 
limited in range covering coastal waters 
only. A comprehensive, reliable near real-
time monitoring of vast sea areas is needed. 

SATELLITE-BASED SEA MONITORING
Satellite technologies are already used to 
observe sea areas. However, the limited 
revisiting capability of most satellite 

EFFECTIVELY 
COUNTERACTING SUSPECT 
MARITIME ACTIVITIES 
BASED ON NEAR REAL-TIME SAR  
SATELLITE MONITORING
Pekka Laurila, CSO, ICEYE, Helsinki, Finland
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constellations do not allow the use of the 
imagery as a reliable source to build an 
effective sea surveillance system on them. 

ICEYE is developing a SAR satellite 
constellation that will guarantee complete, 
near real-time monitoring over large sea 
areas not just in coastal but also in remote 
sea areas. The current ICEYE SAR satellite 
constellation consists of three satellite units 
in orbit, ready to image locations at short 
notice. Over the next few years, the number 
of satellites will constantly grow and provide 
more and more frequent information that 
maritime authorities and port management 
can benefit from.

The reason for the reliability of SAR 
data is due to the fact that the data can be 
acquired at any time: during day and night-
time and under all-weather conditions. The 
global revisit rates of the ICEYE satellite 
constellation will be capable of offering 
information multiple times each day, over 
any area of interest, with fast delivery for 
maritime response operations.  

APPROACH
The most reliable method to track down 
illegally operating vessels is to combine 
timely SAR satellite information and AIS 
transponder signals in chosen sea areas. 
Automated SAR imagery analysis methods 
are in place to detect vessels and deliver 
their locations precisely. These results can 
be matched with the recorded AIS signals 
of the area under surveillance. Each vessel 
detected in the SAR imagery that cannot be 
linked to an AIS signal is classified as “dark”. 

For all those dark vessels the latitude and 
longitude, together with a timestamp is 
provided. Additionally, the satellite imagery 

of each vessel will be made available as 
an image chip suitable for further, more 
detailed visual analysis.

ICEYE’s Dark Vessel Detection approach has 
been successfully tested and is validated to 
detect vessels as small as 9m x 20m and targets 
as small as 3m, confirmed by AIS. An algorithm 
is under development at ICEYE to be able 
to locate small, fast-moving vessels through 
detection of wakes visible on the sea surface.

IMPLEMENTATION
The process for detecting dark vessels is 
implemented at ICEYE as a monitoring service. 
Its architecture makes it a suitable solution 
that can be implemented for multiple-use 
cases. The rate of how often information 
is updated and the period of monitoring 
are defined based on the situation and 
customers’ requirements. The delivery to the 
customer is a series of near real-time reports 
documenting the current activities of dark, 
non-self-identifying vessels at sea at a certain 
time. Before submission, all results will have 
passed an intensive quality check. 

SERVICE IN PLACE
The service for detecting dark vessels 
to counteract illegal maritime activities 
is already in use by a number of ICEYE 
customers. The deliverable consists of a 
KMZ file, XML file, and ICEYE satellite image 
(GRD). Importing the ICEYE data into a larger 
maritime domain awareness system is made 
easy with standardized data formats. 

An interactive demo can be viewed at the 
IECYE website. It shows an example of the 
Dark Vessel Detection solution in the Pacific 
Ocean and the Gulf of Oman. Additionally, 
example data is offered for download. 

Detection of suspicious vessels: the vessels highlighted in red are detected in the radar satellite data but not visible to AIS receivers.
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commercial industries by providing access 
to timely and reliable SAR satellite imagery. 
The company is tackling the current crucial 
lack of actionable information with world-
first aerospace capabilities and a New 
Space approach. ICEYE’s radar satellite 
imaging service, designed to deliver 
coverage every few hours, both day and 
night, helps clients resolve challenges 
in sectors such as maritime, disaster 
management, insurance, and finance. 

ENQUIRIES

Email: sales@iceye.com
Website: iceye.com
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