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...to order more RTGs. Over 140 to date. Times have 
changed. Our legal department probably wouldn’t let us 
give such a guarantee anymore. What hasn’t changed 
is that our original RTG concept is still the industry 
standard for productivity and reliability.

Discover the widest and deepest offering in container 
handling at konecranes.com

IN 1995, WE TOLD OUR CUSTOMER, 
IF THEY DIDN’T LIKE OUR NEW RTGs, 
WE’D TAKE THEM BACK. 
THEY CALLED...
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  International Association of Marine Aids to Navigation and 
Lighthouse Authorities (IALA-AISM) gathers together marine aids 
to navigation authorities, manufacturers and consultants from all 
parts of the world and offers them the opportunity to compare 
their experiences and achievements. 
www.iala-aism.org

International Association of Airport and Seaport Police- 
InterPortPolice is a worldwide, non-governmental and non-profit 
association dedicated to mutual cooperation in setting the highest 
standards of safety, security and law enforcement regarding the 
transportation of persons and property through air and seaports, 
across boundaries and other terminals. 
www.interportpolice.org

The World Customs Organization (WCO) is the global centre of 
customs expertise and research, with a primary mission to enhance the 
effectiveness and efficiency of customs administrations. It is an ideal 
forum for the organization’s 177 members, who collectively process 
over 98 percent of world trade, to exchange experiences and share 
best practices on a range of international customs and trade issues.
www.wcoomd.org

The International Maritime Pilots Association is a forum for the 
exchange of information. Its main objective is to provide a 
representative voice for pilots in international maritime forums, 
particularly at the International Maritime Organisation (IMO), an 
agency of the United Nations, and the International Maritime Law-
Making Body. 
www.impahq.org

ICHCA International speaks for cargo handling interests at an 
international level and consults, informs and advises its members 
accordingly. It has a worldwide membership and is a recognised Non-
Governmental Organisation (NGO) with ILO, IMO, ISO and UNCTAD.
www.ichca.com

AIM is the global trade association for automatic identification and 
mobility technologies. As a not-for-profit industry organization, 
AIM’s mission is to stimulate the understanding and use of the 
technology by providing timely, unbiased and commercial-free 
information. 
info@aimglobal.org  •  www.aimglobal.org  •  www.rfid.org

International Harbour Masters’ Association (IHMA) 
promotes safe, efficient and secure  marine operations in port 
waters and represents the professional standing, interests and views 
of harbour masters internationally, regionally and nationally. 
www.harbourmaster.org

PortEconomics is a web-based initiative aiming at generating and 
disseminating knowledge about seaports. It is developed and 
empowered by the members of the PortEconomics group, who are 
actively involved in academic and contract research in port economics, 
management, and policy. Since October 2012, Port Technology 
International and PortEconomics have been engaged in a partnership.
www.porteconomics.eu

International Association
of Ports and Harbors

The International Association of Ports and Harbors (IAPH) is a 
worldwide association of port authorities, whose principle objective 
is to develop and foster good relations and cooperation by 
promoting greater efficiency of all ports and harbors through the 
exchange of information about new techniques and technology, 
relating to port development, organisation, administration and 
management. 
www.iaphworldports.org

The Coasts, Oceans, Ports and Rivers Institute (COPRI) works to 
advance and disseminate scientific and engineering knowledge to 
its diverse membership, which is engaged in sustainable 
development and the protection of coasts, oceans, ports, 
waterways, rivers and wetlands. COPRI works to enhance 
communication and cooperation among more than 3,000 members, 
both domestic and abroad, and the industry as a whole by 
advancing members’  careers,  st imulating technological 
a d va n c e m e nt  a n d  i m p ro v i n g  p ro fe s s i o n a l  p ra c t i c e . 
www.coprinstitute.org

CEDA promote the exchange of knowledge in all fields concerned 
with dredging. They enhance contacts between the various groups 
from which members are drawn and between the dredging 
fraternity and the rest of the world, enhancing understanding of 
dredging works from both theoretical and practical viewpoints. 
www.dredging.org

The International Association of Dredging Companies (IADC) stands 
for International Association of Dredging Companies and is the global 
umbrella organisation for contractors in the private dredging industry. 
As such the IADC is dedicated to not only promoting the skills, 
integrity and reliability of its members, but also the dredging industry 
in general. IADC has over a hundred main and associated members. 
Together they represent the forefront of the dredging industry.
www.iadc-dredging.com

The Ports and Terminals Group (PTG) is the UK’s leading ports trade 
association. PTG’s mission is to help facilitate its members’ entry 
into, or growth of their businesses in, overseas markets; and in doing 
so assist port organizations and governmental authorities worldwide 
to undertake port development and expansion on a build-operate-
transfer or similar basis.

Shanghai Maritime University (SMU) is a multi-disciplinary university 
with a special emphasis on shipping, logistics and ocean science. The 
history of SMU can be traced back to 1909 at the end of Qing Dynasty 
and the university has been honored as a “cradle of international 
shipping specialists”. At present the university runs 19 doctoral 
programs, 59 master’s degree programs, 45 bachelor’s degree 
programs. SMU has over 20,000 full-time students, including 17,000 
undergraduates and over 3,000 postgraduate students. In the MOE 
evaluation of undergraduate education in 2004, SMU was awarded an 
“A”(Excellent). SMU has always attached much importance to exchange 
and cooperation with overseas institutions, and has established close 
ties with over 70 overseas universities and academies.
www.shmtu.edu.cn

Descartes Datamyne offers the best value in business intelligence: 
easy access, with expert support, at an affordable price, to the 
world’s largest searchable trade database. Built and maintained by 
an international team, Datamyne covers the cross-border 
commerce of some 50 countries on 5 continents, including US trade 
with over 230 markets.
www.datamyne.com 

SUPPORTER COMPANIES

Port Technology International is supported by leading terminal operator networks, 
including APM Terminals and DP World.

APM Terminals operates a Global Terminal Network which includes 20,300 
employees in 67 countries with interests in 71 port and terminal facilities.
DP World has a portfolio of more than 65 marine terminals across six continents, 
including new developments underway in India, Africa, Europe and the Middle East.
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Wherever you are in the world reading 
this – in the busyness of Shanghai, windy 
San Francisco, or here at the PTI Container 
Terminal Automation Conference in London 
with us – let me wish you a Happy New 
Year. Has there ever been a time when we 
have been as interconnected as we are now, 
all over the world, as today? 

When I began my time at PTI, my team 
and I used to conceptualize this industry as 
the illusive engine of the world economy. 
The fluid, subtle, yet vast system of 
global interconnected trade, symbolically 
embodied by the distant, hazy cargo ship 
one sees on the horizon when standing 
at a beach. Such a ship may escape the 
attention of the general public, yet it would 
be deeply meaningful to those who worked 
in the industry, for we see a cog of an 
incredibly powerful system that is central to 
our global civilization passing by. 

This way of viewing our industry is over. 
It’s as obsolete as pre-containerization. 
Every time I speak to our partners they are 
planning something not just technologically 
impressive, but thinking in a way that 
completely transcends our industry itself. 
Our industry is no longer illusive but 
increasingly at the forefront of the most 
pressing conversations of the day. 

Because of the changes we could see due 
to automation, AI and an intelligent supply 
chain, every one of us who’s involved in 
this industry is having to think on a social, 
economic, futuristic, political and even 
philosophical level. Further, we can’t just 
sit idly by as industry reinvents itself either. 
Technology demands that we reinvent 
ourselves as individuals professionally 
and personally along with new working 
processes. 

So what can we do? We can hold a 
conference. We can get everyone together 

– operator and provider, alike – in a free, 
open, limitless environment and we pool 
our expertise and talk to each other. This 
is the ethos behind the Container Terminal 
Automation Conference, and this edition 
functions as its academic underpinning. 

Because of the mounting conversation 
surrounding technological development 
in our industry, we have broadened out 
our Automation and Optimization section 
to three subsections in this edition. These 
subsections are: 'Artificial Intelligence', 
'Automated Intel l igence' ,  and the 
'Intelligent Supply Chain'. This unifying 
‘Intelligence’ which is changing our industry 
(and world) is the theme of this edition.

I invite you to digest the papers inside of 
this journal, mull over the developments, 
ideas and concepts herein, and bring your 
questions to our conference, to our staff 
and to the broader conversation on the PTI 
website. 

In such a high-quality edition, it’s hard to 
single out particular papers, I wish I could 
mention you all one-by-one, but it’d be 
remiss of me not to mention a couple of 
papers which have been a brilliant read. 

Firstly, plaudits must go to my good 
friend Francisco with Orbita. What a 
fantastic paper he delivered on the 
‘singularity’ concept (if you want to see 
the limits of technology transcended, go 
and read that piece). And I’d also like to 
earmark the ever-impressive work of Dr 
Oscar Pernia at Navis, this time writing 
with Mafran Martinez of Algeciras Logistic 
Areas, it’s a very high-quality paper they’ve 
delivered, and always a pleasure to publish 
Oscar’s work. 

Finally, let me say a word of thanks to our 
Preferred Partners Inform, Kuenz, Orbita 
and TMEIC for their support and great work. 

I hope you enjoy this edition.

PREFERRED
PARTNERS

8 info@porttechnology.org X www.porttechnology.org
T @PortTechnology l linkd.in/porttech

FROM THE

MD

R.B.S.

P O R T S & T E R M I N A L S

James AA Khan, Managing DirectorJames AA Khan, Managing Director
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 “ THE WORLD IS NOW OPEN FOR 
BUSINESS” exclaims the greeting on the 
website belonging to the developers of 
blockchain. This is not hyperbole.

IBM and Maersk,  two g iants  in 
their respective sectors, have already 
shown their interest in the digitized, 
decentralized, public ledger software by 
teaming up and starting a joint venture.

Less  than  a  month  af ter  the i r 
announcement in January 2017, Agility 

became the first freight forwarder to 
participate in their project of digitizing 
the process of managing and tracking 
container shipments.

Many experts believe that blockchain 
technology will help reduce the cost 
and complexity of the world's trading 
ecosystems. According to The World 
Economic Forum, by reducing barriers 
within the international supply chain, 
global trade could increase by nearly 15% , 

thereby massively boosting economies and 
creating jobs.

The promise of this being achieved 
through blockchain means that collaboration 
and data sharing is taking place between 
customs, government authorities and 
terminal operators. Global operators APM 
Terminals and PSA International have both 
announced that they will use the platform 
to improve port collaboration and improve 
terminal planning.

TAKING OVER TRADE 
ONE BLOCK AT A TIME
Laurence Doe, Online Editor,  
Port Technology, London, UK
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AI’S FIRST PORT OF CALL
The Port of Rotterdam Authority 
and IBM have  announced the i r 
c o l l a b o ra t i o n  o n  a  m u l t i - y e a r 
digitization initiative to transform 
the Port of Rotterdam’s operational 
environment using Internet of Things 
(IoT) technologies, AI and The Cloud. 
Rotterdam’s port wil l  al locate an 
ent ire 42-ki lometre s i te to host 
‘connected’ ships, which will have a 
centralized dashboard application 
that collects real-time water, weather 
and communications data. An IBM IoT 
platform will then analyze and process 
the data in real time.

ZPMC CREATES AI STRAD
A Chinese partnership has led to the 
creation of the world’s first artificially 
intelligent (AI) unmanned straddle 
carrier. Z PMC reported in January 2018 
that its collaboration with Westwell 
Lab, an AI start-up, had developed 
the straddle carrier in November 
2017. The AI element of the straddle 
carrier is its ability to perform multiple 
functions without pre-embedded 
magnetic  nai ls ,  which guide the 
automated machines throughout 
terminals around the world. Z PMC 
reported that the AI straddle carrier 
can automatically avoid obstacles, slow 
down, brake, bypass and make other 
smart decisions in case of emergency 
situations.

WORLD’S BIGGEST TERMINAL  
OPENED
T h e  wo r l d ' s  l a rge st  a u to m ate d 
terminal, the fourth phase of the 
Yangshan deep-water port in Shanghai, 
opened in December, 2017. An area 
of 2.23 million square metres— the 
size of 312 football pitches— fits more 
than 100 pieces of intelligent cargo 
handling equipment. In the preliminary 
stage, 50 driverless automatic guided 
vehicles (AGV ), 10 ship-to-shore (STS) 
cranes and 40 rail-mounted gantry 
(RTG) cranes will be handling cargo. 
According to the plans for the fourth 
phase of the port, this will increase to 
130 AGV s, 26 STSs and 120 RTGs. The 
terminal was developed independently 
by China, and features two 70,000 
dead-weight tonnage (DWT) berths 
and five 50,000 DWT berths.

AMAZON DISRUPTS SHIPPING
Amazon is launching a new delivery 
service for businesses called Shipping 
with Amazon (SWA). The launch by 
the tech giant will put it in direct 
competition with leading shippers such 
as UPS and FedEx. Following the news 
in February, UPS's stock declined about 
6.5%  in premarket trading and FedEx's 
stock fell by just over 5% . One of the 
ways Amazon plans to succeed is by 
undercutting the incumbent delivery 
services on price. Amazon will send 
SWA drivers directly to retailers and 
warehouses to pick up parcels, cutting 
out other delivery services from the 
process. It will then take the packages 
directly to consumers in the 37 US 
cities where it currently delivers.

MAERSK-IBM FIND BLOCKCHAIN PARTNER
Agility has become the first freight 
forwarder to collaborate on a Maersk-
IBM blockchain solution that will manage 
and track container shipments using a 
distributed ledger. The publicly traded 
logistics company, which has US$ 4 
billion in revenue and more than 22,000 
employees in over 500 offices across 100 
countries, will identify events associated 
with individual shipments and share 
and receive the information through 
blockchain technology developed by IBM 
and Maersk. Agility’s goal is to reduce 
costs and increase shipping efficiency by 
integrating information about shipments 
onto a secure platform accessible to 
shippers, carriers, freight forwarders and 
others in the supply chain.

DP WORLD INVESTS IN INDIA
DP World has collaborated with India’s 
National Investment &  Infrastructure 
Fund (NIIF) to invest up to $ 3 billion in 
India to re-energize its logistics sector. The 
partnership follows the Memorandum 
of Understanding (MoU) signed in May, 
2017 and the visit to India of His Highness 
Sheikh Mohammed bin Z ayed Al Nahyan, 
Crown Prince of Abu Dhabi, and DP World 
Group Chairman and CEO, Sultan Ahmed 
bin Sulayem, in February, 2016. DP World 
and NIIF will also look at opportunities 
beyond sea ports such as river ports and 
transportation, freight corridors, port-led 
special economic zones, inland container 
terminals, and logistics infrastructure 
including cold storage.

NEWS IN BRIEF
 

Singapore and Peruvian customs are 
also collaborating with the IBM-Maersk 
platform to facilitate trade flows and 
enhance supply chain security. However, 
what does this mean for global trade?

One of the clear benefits of blockchain 
is that it could eliminate the piles of paper 
that plague shipping and trade. 

If its success continues, blockchain will 
push global port operations and customs 
to digitize and embrace receiving papers 
and documents in a secure, digital and 
autonomous manner before a ship berths. 

This may give rise to artificial intelligence 
based tools, such as auto-document 
verification, speeding up the processing of 
the submissions.

With more than 100 million blockchain 
transactions already made, the technology 
is demonstrating how it can be a global 
platform of performance and trust, 
however, scaling the technology still 
requires overcoming some hurdles.

There are some concerns about the 
volatility of the digital currencies that 
support blockchain transactions. 

One of these cryptocurrencies, Bitcoin, 
has lost more than half its value since 
hitting an all-time high of more than 
$ 19,000 at the end of 2017. That is some 
oscillation when compared to your average 
currency fluctuations. 

Because of this, bitcoin is under fire 
from regulators from all over the globe, 
which is affecting investor interest. Further, 
in February 2018, Lloyds became the first 
major bank in the UK to ban the buying of 
bitcoin with its credit cards.

Nevertheless, for many businesses that 
have already started traveling down the 
blockchain road, the knowledge gathered 
and new relations built along the way 
should justify the industries’ efforts.

Lack of standardization and data 
sharing may be holding back technological 
advancements in ports, but blockchain is 
unique in that it subtly and safely unites 
once disparate supply chain professionals, 
meaning it could be the long awaited 
model in which true interindustry 
collaboration can grow.

Despite concerns in the financial realm, 
with Maersk and IBM backing blockchain’s 
development, how can any company 
involved in global trade not now take it 
very seriously. 
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Making global trade smarter, safer and more 
sustainable for everyone

AUTOMATION &
OPTIMIZATION

In partnership with:

• Artificial Intelligence, page 14
• Automated Intelligence, page 30
• Intelligent Supply Chains, page 37



Alongside technology giant IBM, we have 
launched a new partnership that focuses 
on the far-reaching digitalization of the 
port and the development of an Internet 
of Things (IoT) platform. This cloud-based 
platform will allow the Rotterdam Port 
Authority to collect and process data from 
a large number of sensors. The initiative is 
intended to prepare the 42-km port area 
for autonomous shipping. The first step 
involves the development of a dashboard 
that brings together and processes 
real-time sensor data with information 
about water and weather conditions. 
The objective: to increase the safety and 
efficiency of transport management in the 
port.

We aim to be the world’s ‘smartest’ 
port here in Rotterdam. In this context, it 
is vital that we utilise the big data available 
in the port area to make our logistics 
chain as safe and efficient as possible. 
We can use real-time information about 
infrastructure, water, air, and so forth in 
order to tremendously improve the level 
of service offered to our clients. Further, 

we also require a smart infrastructure for 
autonomous shipping to take place.

HYDRO AND METEO
The Internet of Things involves the 
independent communication and exchange 
of data by semi-intelligent objects via the 
internet. In the Port of Rotterdam’s case, 
this concerns quay walls, dolphins and 
roads, among other structures. The sensors 
installed on and in these facilities will 
constantly send new monitoring data to the 
newly-developed platform. The first step is 
collecting hydrological and meteorological 
data on aspects such as water levels, 
salinity, wind speeds, visibility and currents. 
From March 2018 on, this information will 
be available in real time via the platform – 
making the Rotterdam Port Authority even 
better equipped to handle its core task: to 
ensure that shipping flows are settled safely 
and efficiently. 

This new system will allow us to direct the 
ships that call at Rotterdam based on the 
safest and most efficient routes and travel 
times. However, the platform will also be of 

considerable value to its clients. If shipping 
companies know well in advance what 
weather and water conditions will be like, 
they can anticipate these circumstances 
with targeted measures. This in turn results 
in more cost-effective loading, reduced fuel 
consumption and lowers the risk of damage 
to cargo.

MAXIMUM LOAD
IBM will use its cloud and IoT technology to 
analyse data and translate it into relevant 
insights for the Port of Rotterdam. Every 
year, the port handles over 140,000 sea-
going and inland vessels, and each time 
round, coordinating the mooring process 
is a complicated business – one that needs 
to be handled with safety and precision and 
involves multiple parties. 

The platform is intended to help the 
port reduce waiting times and optimise 
mooring, loading and departure times. For 
example, the Port of Rotterdam can use 
IBM’s technology to predict (depending 
on the water level) the best times to moor 
and cast off from a quay – all the while 

ROTTERDAM AND IBM 
BUILDING THE PORT OF THE FUTURE
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guaranteeing a maximum load. In fact, the 
shipping companies and the port expect 
that in some cases, they will be able to 
reduce mooring times by as much as one 
hour, saving the shipping companies some 
US$80,000 per call.

DIGITAL TWIN
An important element of this new digital 
reality is the development of a ‘digital 
twin’: a precise digital copy of Rotterdam’s 
infrastructure and activities that reflects the 
various processes that take place in the port. 
Ship movements, traffic flows, the weather, 
geographical data, structures and water 
conditions: all these aspects are monitored 
with absolute precision and in real time. 
The digital twin is formed by a number of 
systems that collect, process and visualise 
data. The two most important components 
of this network are IBM’s IoT platform and 
ESRI’s geographical information system. 
Together, these systems provide the users 
with the right information, presented in the 
right context, at the right time.

This part of the digitalization programme 
allows us to test a number of different 
scenarios and gain a better idea of 
how we can raise the efficiency of our 
activities while adhering to stringent safety 
standards. Indeed, I believe that eventually, 
autonomous vessels will first moor within 
our digital twin before repeating the 
operation in real life.

COMPETITIVE EDGE
The Port of Rotterdam Authority will invest 
millions of euros into this project over the 
next few years. This investment is in line 
with its ambition to further strengthen 
the port’s competitive edge with the aid of 
digitalisation and data. The new platform 
will be developed on the basis of IBM’s 
cloud and IoT technology. Cisco and Axians 
are also involved in the project.

PORT AREA AS A TESTING GROUND
Rotterdam is a port of pioneers. In the 
dynamic world of logistics and industry, 
stagnation means decline. This is why, in 
Rotterdam, we are continuously looking for 
answers to the question of how to do things 
smarter, more efficiently, better, and more 
sustainably. That’s why the Rotterdam 
Port Authority is fully committed to all 
possible methods of innovation. However, 
innovation cannot be forced. The best 
you can do is to create an environment 
in which innovation is likely to take place 
and try to be in line with the market. 
The Rotterdam Port Authority achieves 
this through an Innovation Eco System. 
We support research in collaboration 
with universities and Smartport, also for 
example, we have a partnership with Delft 
University of Technology, and of course our 
own Erasmus University in Rotterdam. In 
addition, we support Dutch start-ups that 
are relevant to the port, but we also scout 
worldwide via PortXL; the first accelerator 
that focuses on port start-ups on a global 
level.

The Port of Rotterdam also presents 
a unique environment for innovation in 
the field of the Internet of Things. The 
sheer scale of the area, strict local safety 
requirements, size of the structures and 
difficult weather and water conditions 
pose a formidable challenge for IoT 
systems in the port. Many sensor suppliers 
for example aren’t aware of what kind of 
an impact salt water and temperature 
fluctuations can have on their systems. 
These factors have presented us with the 
necessary challenges. But ultimately, it’s 
simple: if something works in the port of 
Rotterdam, it will work anywhere.

The market for IoT sensors is developing 
at a breakneck speed, and as a result, price 
levels continue to drop in this segment. 
However, the many questions that are put 

forward by the Rotterdam Port Authority 
and its clients – with the collection of 
data in the port area as a crucial element 
– present ample opportunity for suppliers 
to distinguish themselves on the basis of 
ruggedness, safety and reliability as well 
as price. A number of IoT pilot projects in 
Rotterdam have already led to development 
of products that are specifically geared 
toward port users – good news for ports all 
over the world, in other words. 
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The technological singularity (aka, 
the singularity) is defined by world-
leading futurist Raymond urzweil as a 
future period during which the pace of 
technological change will be so rapid, its 
impact so deep, that human life will be 
irreversibly transformed.

What will life be like after the singularity 
reaches us  Can we even think about it 
with our simple human brains  Are we 
on the cusp of not just a fully automated 
terminal, but a terminal that thinks, learns 
and acts completely by itself

There is no doubt that artificial 
intelligence (AI) is a research field that 
will provide huge benefits to human 
civilization in the near future. Such a 
drastic change, as seismic as the Industrial 
Revolution, will demand a complete 
paradigm shift, new philosophies will 
have to be developed, new technology 
mastered (or perhaps complemented) 
and our own conceptions of ourselves as 
people will have to change.

A grand vision awaits us, but this paper 
seeks to address what is accurate in our 

predictions about the future, and what 
we can really expect from AI technology 
right now.

WHAT IS INTELLIGENCE?
Intelligence is a complex notion that is 
not easy to place in one closed definition. 
There is emotional intelligence, logical 
intelligence and notions such as business 
intelligence. et what we typically mean 
with regard to AI is learning, reasoning, 
problem-solving, perceiving and 
understanding language.

DAY TO DAY AI
There are AI tools that are already deeply 
distributed in our day to day lives. oogle 
and Amazon software assistants utilize AI, 
and when we use our car’s self-parking 
features, or when a container is scanned 
by an Optical Character Recognition (OCR) 
engine, we are using AI technology. 

The ‘AI’ in these technologies is 
essentially software algorithms that are 
able to differentiate between the sounds, 
sizes and colors of objects appearing in 

their field of perception. Collectively, this 
is the most basic form of AI, and is known 
as ‘Weak AI’. 

In our collective mind, there is a known 
bias that tends to eliminate that which 
has become commonplace technology 
from the definition of AI. This has led to 
the erroneous notion that AI is whatever 
hasn’t been done yet. This in turn adds 
to the hype of what we expect from 
technology, as its definition evolves to 
embrace new goals every time a milestone 
has been achieved.

ARTIFICIAL GENERAL INTELLIGENCE 
Another burgeoning field of AI is known 
as artificial general intelligence (A I), 
or ‘Strong AI’. Research in this field is 
aimed at developing thinking entities 
or agents that may act like autonomous 
beings; becoming, in theory at least, 
indistinguishable from humans. This is 
an evolution of the AI mentioned prior, 
which is technically task problem-solving 
oriented only. An A I machine presented 
with any problem will seek out and find 

THE SINGULARITY
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tools, as well as discover how to perform 
a task and carry it out without human 
intervention.

Such a machine could plan abstractly, 
comprehend complex ideas, learn quickly 
and learn from experience. Exactly the 
same as a human being. Because of this, 
A I research is undoubtedly the most 
controversial part of the AI debate as it 
raises moral, ethical and philosophical 
concerns about our future of our species. 

ARTIFICIAL SUPERINTELLIGENCE
Artificial superintelligence (ASI) has a 
place in our collective consciousness 
due to movies and science fiction books 
– ultimately, ASI is the reason why many 
people fear AI. This fear isn’t without 
high-profile reinforcement, with figures 
such as Elon Musk and even Professor 
Stephen Hawking warning that AI could 
be existentially threatening if we are not 
careful. 

However, high-profile figures have also 
argued the counter, with figures such as Bill 

ates, (Facebook CEO) Mark uckerberg 
and other Silicon Valley tech thought 
leaders stating there’s nothing to fear, 
arguing that humanity should embrace 
the future of AI. So why the difference in 
opinion? 

One reason for this may be that oogle, 
Facebook and the major tech corporations 
are focusing on developing Weak AI rather 
than A I, even if the boundaries are 
sometimes blurred. Weak AI is disruptive 
only up to a point – you can be thrilled that 
Alexa will understand you and order you your 
gifts on Amazon, but there is no way that 
you can feel life-threatened (except in your 
privacy, but that’s a different discussion) by 
Amazon’s assistant. Even extraordinarily 
powerful computers with state of the art AI 
algorithms are not perceived as disruptive 
by society, and we don’t raise our eyebrows 
anymore when a new supercomputer breaks 
a record of some description.

THE SINGULARITY
The concept of the singularity describes 
the moment when the acceleration of 
technical progress becomes so fast and 
profound that we cannot predict its 
consequences, making it impossible for us 
to grasp what society and humanity will be 
like after its event.

Raymond urzweil, probably the world’s 
leading futurist, believes the singularity 
will be with us by 2045 , and he bases 
this theory on the extrapolation of the 
exponential rate of growth of technology. 

If we think from a historical perspective, 
we can see the exponential acceleration of 
technical progress in action. Think about 
this. If you could travel back in time, to let’s 
say, 1700, and bring a person from then to 

now, can you imagine their reaction when 
they see our present world

The evolution of technology in the last 
300 years has been so fast and so profound 
that a person from 1700 would be 
positively psychologically stressed if they 
encountered it. They wouldn’t know how 
to start assimilating what they are seeing 
and for them, our technology would be 
practically indistinguishable from magic. 
The cultural shock would be tremendous, 
as we wouldn’t even be recognizable 
humans, it would seem we are aliens, or 
even gods.

However, if you traveled back in time 
300 hundred years from 1700, and 
then brought someone back from 1400, 
would they be shocked in the same way 
as someone from travelling from 1700-
2000  They would be amazed by some 
technological advances, sure, but the 
response would simply not be the same. 
This is what has happened in the last 
two centuries. We have at least three 
generations in our present age that have 
seen major technological developments, 
and, roughly speaking, there is a new 
technological generation every fifteen 
years. That’s an incredible rate in relative 
historical terms.

SO WHAT NOW?
Australian roboticist Rodney Brooks recently 
stated that we are constantly overestimating 
the development of technology over time , 
cooling off the exponential growth narrative 
developed by urzweil. Brooks believes 
we tend to overestimate the potential 
of technology in the short term, but 
underestimate it in the long term. 

One paradigmatic example of this is 
augmented reality. I remember having 
a smartphone back in 2010 11 which 
contained apps that utilized augmented 

reality – there was a lot of hype around 
it. Many developers tried to harness the 
power of augmented reality, but the 
surrounding technological ecosystem was 
simply not ready. Therefore, technological 
advancement is not just about computing 
power. Society, software, algorithms and 
functionality have to find their way into 
a social ecosystem in which they can 
become a seamless part of modern life. 
That is the key. 

Because of its failure to enter an 
ecosystem, augmented reality became 
obsolete, the apps disappeared and it is 
only now, about ten years later, when real 
world applications are starting to appear 
for the technology (and not in a disruptive 
way) and to slowly integrate into our daily 
lives that this technology may be able to 
become relevant again.

The truth is we don’t know where we 
are going with the development of AI. That 
is what scares people. The mere concept 
of the singularity is disturbing, as we won’t 
see it coming (if it does indeed ever arrive) 
and we don’t know how it will affect our 
lives or our successors’. 

For now, our intelligent, know-it-all 
container terminal seems as if it’s from 
a Sci-Fi novel, but it may be just around 
the corner. Is this the future that lies 
ahead of us  It may well be so. But more 
importantly, we should ask ourselves, is 
this the path we want to take with AI  

Don’t think someone else should 
answer that question. We all need to 
think about the future of AI as it has 
technological, social, philosophical and 
ethical implications, so it’d be good to 
have an idea where you stand before 
someone else decides for you. While you 
think about this you may ponder, as Philip 

. Dick might: ‘Do container terminals 
dream of automated cranes ’
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“You are my creator, but I am your 
master.” These chilling words from Mary 
Shelley’s novel Frankenstein were first 
published on January 1, 1818, during 
the First Industrial Revolution; a period 
of great social and technological change. 
Considered by many to be the first work 
of science fiction, the story influenced not 
only literature, drama, and film but also 
the public s perception of science.

2018 marks Frankenstein’s 200th 
anniversary, and at the dawn of the 
Fourth Industrial Revolution, the myth of 
creature turning on creator seems more 
relevant than ever before. Having escaped 
the laboratories of many tech companies, 
Artificial Intelligence (AI) is poised to 
change our society for good. While 
human-level AI is not yet looming around 
the corner, we constantly carry some form 
of AI in our pockets today. The irony is that 
Siri, Alexa, and Cortana, while comparable 
to Frankenstein in so many ways, aren’t 
perceived to be frightening characters. 
Rather, these AI enhanced assistants have 

become an ordinary, if not integral part of 
our lives and workplaces.

This article will take you on a journey 
to the past, present, and future of AI. 
To unpack this story, we need to have 
a few stops along the way (feel free to 
skip ahead if you know the background). 
Firstly, we need a quick reference point 
of what AI is. Then, it is worth identifying 
why INFORM is qualified to speak on the 
subject. From here we will explore how AI 
is being applied in the container terminal 
market today. Finally, we'll discuss what 
the role of humans is likely to be in the 
future and whether any of us will have 
jobs.

THE SIMPLE TRUTH BEHIND AI
Artificial Intelligence is an area of 
computer science that's concerned 
with building systems that demonstrate 
intelligent behaviour. Most people find it 
difficult to agree on a precise definition 
of intelligence, so people's view of what 
AI means also tends to diverge. For most 

people, when they hear the term Artificial 
Intelligence, or AI, they think of a General 
AI, or human-level AI, that can mimic all 
aspects of human intelligence. The simple 
truth, however, is that today, AI is far 
away from this. Instead, AI vendors have 
succeeded in building niche, or so-called 
Narrow AI systems that know how to do 
reasonably specific things very well (for 
instance, play chess, translate between 
languages, understand natural language, 
or drive autonomous vehicles). It is these 
Narrow AI systems that are now making 
their way into our industry at a rapid pace 
as part of the Fourth Industrial Revolution. 

In contrast with General AI’s goal of 
mimicking human intelligence, Machine 
Learning tools (ML) use algorithms 
to iteratively learn from and adapt to 
data, enabling computers to find hidden 
insights without being instructed where 
to look. A beginner’s example for this 
can be found in your email inbox in the 
form of spam filters. Simple rule-based 
filters are not very effective against spam, 
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since spammers can quickly update their 
messages to work around them. Instead, 
ML enhanced spam filters continuously 
learn from a variety of signals and tailor 
themselves to the email needs of the 
individual user.

THE HIDDEN SECRET
Operations Research (OR), also referred to 
as ‘the science of better’, uses analytical 
methods (mathematical optimization, 
heuristic methods, and so forth) to 
analyze and consider vast amounts of 
data to optimize the planning and real-

time control of processes. Depending on 
your view, OR is either a means to an AI 
outcome, or, OR and AI are complimentary 
disciplines. 

In the first view, Operations Research 
is a means to an Artificial Intelligence 
outcome. When you think of AI as the area 
of computer science that is concerned 
with building systems that demonstrate 
intelligent behavior, one could say 
that OR is part of AI. From a classical 
research perspective, this is inaccurate 
because OR and AI are two separate 
disciplines that have independently 

developed intelligence-based computing 
techniques. However, if you take the 
broad definition of AI, with building 
systems that demonstrate intelligent 
behavior, Operations Research could be 
classified as a part of Artificial Intelligence. 
Alternatively, AI is a technique that makes 
better predictions about the data that is 
fed into OR optimization algorithms. 

Either way you choose to view 
the relationship between OR and AI, 
INFORM has been working with Artificial 
Intelligence for over two decades, with 
commercially available products in use 
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since the early 2000s. More than 20 years 
ago, we started developing knowledge-
based AI systems that were based on 
the concept of using fuzzy logic and 
fuzzy reasoning for representing human 
knowledge. Over the years, we've added 
Machine Learning as a second area in our 
AI activities, and the two are now working 
in parallel together.

 ADDING AI TO YOUR TOS
As described in my recent article ‘Power 
up your TOS’i  our OR-based Optimization 
Modules work in conjunction with an 
existing TOS to drive terminal efficiency. 
This add-on  relationship allows terminals 
to implement the power of Optimization 
Modules without significant changes. 
Further, in most cases Optimization 
Modules work in the background without 
direct user interaction. Users interact with 
their existing software environment while 
benefiting from optimization with no 
timely retraining required. 

To further enhance the decision-making 
quality, the same add-on relationship can 
be used to connect a Machine Learning 
platform to the optimization process, 
see figure on previous page. There are 
basically two use cases: a) analyze data 
to fine-tune the models and rules of the 
Optimization Module, and b) analyze data 
to improve data quality that is fed into 
the Optimization Module.

Optimization Modules typically run on a 
mixture of different data, for example ETA
ETD of trains and ships, ASC or RT  travel 
speeds, container bookings, truck gate-
in registration. Some of these are often 
based on average or historical values, for 
example the truck check-in times, or pre-
check times of incoming trains. While this 
level of quality is sufficient to make the 
best-informed decisions, values offering 
higher precision at this stage can improve 
the calculations. Here’s an example: A 
time slot management system provides 
shippers the ability to book allocated 
inbound arrival time slots. However, 
delayed deliveries are commonplace and 
actual truck arrival times may vary over 
the course of a business day (off-peak vs 
high-peak). They may vary on different 
weekdays and weather conditions. They 
may even vary for different hauliers and
or drivers. 

The ML will analyze huge amounts 
of data very quickly and present any 
findings and correlations in easy-to-digest 
dashboards to create insights for humans. 
These insights form the basis for expert 
discussions. In cooperation with INFORM, 
the outcome can be used to fine-tune 
the models and rules of the optimization 
module (as ‘a’ above). Alternatively, the 
insights from the ML may be fed back 

automatically into the software where 
they replace previous average or historical 
values (as ‘b’ above). 

Besides data from the TOS and 
Optimization Modules, the ML can also 
be connected to various other internal 
and external data sources (e.g. port 
community systems, weather apps, 
etcetera) to further enrich the data basis. 
The ML can be operated all day round day 
and night, on a periodic, or on an event 
triggered basis.

CHATBOT – IS IT ALIVE?
In the riveting laboratory scene when the 
monster is brought to life, Dr. Frankenstein 
shouts, “Look!  It's alive.” Today, computer 
programmers can have similar moments 
when they develop chatbots. Chatbots 
are one of the most common AI-based 
applications. They are designed to 
sound and type like human beings and 
continuously learn and develop through 
AI and ML.

To make the latest technologies and 
applications available for the terminal 
industry, INFORM recently released a 
chatbot add-on for their maritime and 
inland terminal solutions. It receives 
both voice and text-based queries from a 
broad range of input sources, recognizes 
the request, searches for the answer, and 
sends the answer back as a text response 
in real-time. 

The chatbot quickly allows a status 
check of PIs, containers, and or 
equipment without calling anyone. 
Management, with no previous training in 
the system, can ask the software directly 
to quickly access PI data on the fly in a 
manner that is convenient to them.

AI – FRANKENSTEIN RELOADED?
Two hundred years later, we find 
ourselves at a prologue to a new 
Frankenstein story. What are the lessons 
learned  One of Dr Frankenstein’s gravest 
errors was to neglect his creation. He 
fled from its presence, giving up the 
opportunity to supervise, nurture, and 
educate his invention. Today, the aim of 
AI development should not be to make 
a digitized being  better than us, but 
rather to make it  beneficial to us.

Technology moves ahead, but so does 
the human mind and our attitude towards 
technology. A senior operations manager 
from the baby boomer generation might 
have a different opinion on the usefulness 
of chatbots compared to a millennial 
management trainee. Also, a seasoned 
straddle carrier driver will be more 
hesitant to accept decisions and work 
orders from an AI system than a digital 
native who is about to start a career in our 
business. 

By 2025, millennials will make up 
75%  of the global workforce. They have 
grown up with very fast communication 
capabilities and high-tech is woven into 
all aspects and areas of their life. What’s 
more, the generation born after 2010 – 
the AI natives  – will only know a world 
with artificial technology.

How we manage this human transition 
is going to define our industry. At this 
point, there are more questions than 
answers, such as: How do we best utilize 
highly skilled staff who are in traditional 
roles  How do you prepare these staff for 
the future and how will their roles will 
change? If we retrain them, who bares 
the financial and social costs of retraining 
them  How do we attract a young, 
millennial aged workforce that have the 
new skills we’ll need in the future  

To position ourselves for the future, it 
is the role of all stakeholders in the port 
industry to take a degree of responsibility. 
The question isn’t whether AI is coming or 
not, but rather, whether as an industry, 
we will be well prepared or caught off-
guard when we realize that AI is here  - or, 
as Mary Shelley wrote in Frankenstein, 
“Nothing is so painful to the human mind 
as a great and sudden change.”

iSavelsberg, Eva. 2017. Launching Agile 
Optimization. The Journal of Ports and 
Terminals.73, pp.34-36
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If anyone needs proof of the importance 
of data collection and processing in today’s 
world, they need look no further than Wall 
Street. Financial asset managers are using 
Artificial Intelligence (AI) to mine massive 
data sets, then developing portfolios 
based on that information. According 
to one report, corporate commentary, 
social media chatter, and credit card data 
hold patterns that can show the way to a 
prosperous future. 

The problem is that a single human brain 
– or even a boardroom full of them – cannot 
see these patterns. Their value lies in their 
complexity and obscurity, and AI is brilliant 
at filtering through complexity to tease out 
the valuable information on which we mere 
humans can make our decisions. 

AI depends on machine learning – the 
process where current data analysis sets 
rules for future actions. For example, a 
person working in a port may know from 
experience that 80  of deliveries are often 
a day late for a certain carrier coming from 
Hong ong during winter. But there’s not 
enough time or information available to do 
anything, other than advise the client of the 
delay when it happens. 

But an AI-enabled logistics platform can 
predict the likelihood of a single container 
being late from Hong ong on a particular 
date. If that figure is 89 , the platform 
redirects the container to avoid the delay.  

Automation and AI are significantly 
reshaping container logistics in terminals 
around the world. In this technical paper, 
we examine the nature of both types of 
transition and show how statistics and 
algorithms are leading to better efficiency 
and faster handling in the port community.   

MACHINE LEARNING AND AI 
What kind of data does it take to make 
the kind of predictions useful for terminal 
operations  The answer, is any piece of 
information, however obscure, that relates 
to the supply chain. After all, an event as 
predictable as an election in Singapore or 
a public holiday in Japan has the power to 
disrupt the ordinary scheduling of shippers, 
3PLs, freight forwarders, LTL brokers, 
truckload brokers, LTL carriers, truckload 
carriers, agents, couriers, insurers and 
customs officials.

But if that piece of information is given 
to the AI platform controlling the supply 

chain, adjustments can be made to offset 
that disruption. 

Machine learning is the engine room of 
artificial intelligence. It’s where the data 
gathering and analyses happen that lead to 
the human-free decision-making we call AI. 
It recognises patterns in the logistics chain 
that humans cannot, even though the result 
looks exactly like the kind of judgement a 
human being would make.  

Doug Waggoner, CEO of Echo lobal 
Logistics, said recently that shipping 
companies are starting to catch up with 
Wall Street. That’s because for years, 
financial traders have been hiring statistical 
and mathematical experts to develop 
algorithmic-driven trading platforms to 
find attractive trades. These quantitative 
analysts – known colloquially as ‘quants’ – 
mine complex data to find hidden patterns 
of growth that lead to profit. 

Technology is now much more accessible, 
and math geeks are currently in vogue. 
If you want to teach yourself Python [ a 
programming language , you can start 
writing AI algorithms. A lot of AI solutions 
use open-source software from oogle. 
A lot of this work that has been going on 
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within certain disciplines is becoming more 
mainstream, and people can see the power 
of it.

TANGIBLE RESULTS 
Common problems faced by the port 
community are:
•  Lack of transparent information flow
•  Under-utilisation of equipment
•  Inefficient practices

All of these can be solved with 
mathematical algorithms that are devised 
– like oogle’s famous search engine 
algorithm – to produce the best result 
possible from millions of bits of data. 
Like oogle, what the algorithm needs is 
raw data on which to operate. Machine 
learning is really just a chain of algorithms 
fine-tuned to filter and process data. The 
algorithms are honed, by referencing their 
own results, to produce a desired outcome.

As we mentioned earlier, that raw data 
is any bit of information that relates to 
the supply chain. With all that data, open 
platforms based on machine learning 
supporting smart vehicle booking systems 
(VBS) make it possible to solve these 
challenges, smoothly connecting terminal 
and landside operations.

Through AI, a VBS becomes more than a 
way of keeping track of containers – it’s a full 
service capacity management system. The 
system can become so sophisticated that 
bookings help terminal operators unlock 
more container space in their terminal and 
assist truck drivers to get serviced quickly 
when they arrive at their allocated time, 
meaning virtually no queuing and a truck 
turn time of less than 30 minutes. This 
cuts back on wasted time associated with 
moving cargo across the supply chain. 
Tangible, real-word results like this are what 
has put math geeks in vogue , as Doug 
Waggoner put it. 

AI DRIVING INTERNATIONAL TRADE 
Optimization to improve productivity was 
the biggest challenge for three quarters of 
the terminals surveyed by Navis in 2017. 
When asked about their concerns, the top 
three responses were:
•  Optimization - 76  
•  Cost reduction - 67  
•  Improving yard operations - 52

Navis released the findings to show the 
return on investment that its customers 
achieved by selecting its N4 terminal 
system. N4 customers experienced the 
following benefits:
•  51  improved yard productivity by 25-

49
•  57  improved gate productivity by 25-

49
•  67  improved reporting quality by 25-

49
•  58  improved safety by 25-49

•  59  improved IT staff productivity by 
25-49

Improvements in all of these can be 
achieved by implementing an open 
industry-wide platform that is ‘future’ ready 
for technologies such as AI and for taking a 
first step with a VBS.

Every port that relies on international 
trade is investing in machine learning. A 
Californian analytics software company, 
Maana, is working to mathematically model 
the process that goes into rerouting a vessel 
in the event of a port closure or natural 
disaster. Using traditional methods, it could 
take eight hours to evaluate the potential of 
an alternative port. With AI, it can be done 
in minutes. 

Similarly, Hong ong freight logistics 
service CargoSmart accesses a database 
of every route offered by the world’s 30 
biggest carriers. It also has five years’ worth 
of automatic identification system (AIS) 
vessel movement data. The system can 
predict at any moment if a vessel is likely to 
arrive on schedule. 

SINGAPORE’S TUAS MEGA-PORT
The Maritime and Port Authority of 
Singapore (MPA) and port operator PSA 
said recently that Singapore’s planned Tuas 
mega-port will take full advantage of AI and 
automation.

The new port will be capable of handling 
the world’s biggest ships, and will also be 
the largest automated container terminal 
globally, with a handling capacity of 65 
million standard containers. It will open in 
four phases, with the first berths expected 
to be operational in 2021.

Singapore’s Intelligent Port of the Future 
exhibition, held in anuary 2018, depicted 
the progress PSA has made in the use of 
automation, data analytics, robotics and 
other technologies. 

The exhibition offered visitors a look at 
technologies in use at container terminals 

in Singapore and those being considered for 
Tuas. These included amphibious drones, 
automated quay cranes, exoskeletons for 
port staff and robotic arms for related 
container activities. This look into the port 
of the future shows automation and AI are 
playing an increasingly meaningful role. 

Any organization that refuses to consider 
their operations in the light of that future 
will be left in isolation as the industry forges 
ahead. The open platform, such as our 
offering, is future technology enabled: IOT, AI 
and Blockchain will reap the rewards today of 
running industry applications that plug into 
established operating systems and existing 
community systems to use applications such 
as the VBS, Modal, and so forth.
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More than just a booking system, 1-Stop VBS provides 
a comprehensive Terminal to Landside interface that 
delivers efficiency gains for the entire Port Community. 
For shipping lines, terminal operators and freight 
carriers alike, a real time view of container bookings 
and movements means equipment, fleet and human 
resources can be more efficiently allocated and utilised. 
Automating bookings for pick-up and drop-off can 
optimise terminal operations, reduce unnecessary 
container movements and ease port congestion.

Increase terminal capacity and enhance 
resource allocation

Manage, plan and optimise container 
movements

Configurable solution for port-specific 
challenges and carrier demand

User-friendly interface with  
real-time management and view  
of bookings and status 

Message board alerts for delays, 
redirections and other events

Get the bigger picture at  
1-stop.com/porttech or contact us today:

E info@1-stop.com
P +61 2 9588 8900

Bringing new intelligence  
and efficiency to port  
logistics planning
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Many of the world’s major ports have been 
in operati on for decades and are now faced 
with the challenge of aging, mobile-limited 
network infrastructure in an environment 
more dynamic than ever before.

Data volume demands for SCADA, 
RFID, CCTV, and related applicati ons 
have increased and the need for mobile 
communicati ons has become essenti al. The 
explosion of Industrial Internet of Things 
(IIoT) devices, autonomous equipment, 
and roboti cs platf orms off er further 
opportuniti es for port terminals to achieve 
transformati ve producti vity and effi  ciency 
gains, but to take advantage of such 
applicati ons they must rapidly modernize 
their largely wired networks.

Today, ubiquitous mobile coverage is 
vital to keep up the constant fl ow of goods 
in and out of a port and to the proper 
functi oning of semi- and fully autonomous 
equipment. By adding wireless technology, 
whether cellular LTE, point-to-point (PTP), 
or point-to-multi point (PtMP) soluti ons, 
port operators are realizing incremental 
mobility gains, but the capabiliti es of such 
wireless soluti ons sti ll fall short when trying 
to bring reliable, rapidly scalable mobile 
connecti vity to every corner of the port 
terminal.

Traditi onal wireless networks were 
simply not designed to provide reliable 
connecti vity over widespread areas such 
as port environments, especially when the 
assets within that environment are highly 
mobile.

A ‘BROKEN’ APPROACH TO CONNECTIVITY
In Wi-Fi and standard mesh networks, 
mobile nodes can only communicate with 
infrastructure nodes, and via only one 
connecti on at a ti me. These networks 
therefore must employ a make-before-
break  paradigm of connecti vity. Mobile 
nodes conti nually break and re-establish 
connecti vity as they move between 
access points, and each break results in a 

temporary loss of communicati ons.
If personnel or port equipment are 

sending data to each other or to the 
command center during these periods of 
broken connecti vity, the informati on is at 
best delayed, but more likely completely 
dropped. That may be suffi  cient for 
delay-tolerant monitoring applicati ons, 
but is a signifi cant issue for autonomous 
platf orms. If there is latency or delay in 
data transmission to an autonomous 
piece of port equipment, the machine will 
stop functi oning, eff ecti vely nullifying its 
producti vity benefi ts.

THROUGHPUT PERFORMANCE CHALLENGES
Traditi onal networks dedicate one 
frequency for mobile clients to 
communicate to infrastructure nodes; 
another is used for infrastructure nodes to 
communicate with each other. Dedicati ng 
frequencies to a single purpose greatly 
limits total bandwidth availability for Wi-Fi 
communicati ons.

Additi onally, to comply with IEEE 
standards, each Wi-Fi access point must 
equally divide its available bandwidth 
among its connected clients. If 20 mobile 
clients are connected to a single access 
point, they will each only receive 5  of 
the bandwidth. For port operators looking 
to scale the number of moving assets 
they have deployed across their terminal, 
throughput and latency will quickly become 
a challenge.

INABILITY TO EFFECTIVELY ADDRESS 
INTERFERENCE
Networks that dedicate frequencies to 
a single purpose also have increased 
potenti al for slowed or dropped traffi  c 
because data can only travel one way to 
reach the applicati on server. They assess 
routes based only on RSSI, not accounti ng 
for other signifi cant performance 
factors like congesti on, node outages, or 
interference and would have no way to 

route around these issues even if they were 
detected.

Networks like these can be specifi cally 
arranged to avoid such signal interferences, 
but only in a stati c, predictable environment. 
Such confi gurati on is unrealisti c in ports, 
where large metal equipment and cargo 
containers, key culprits of signal blockage 
and interference, are constantly in moti on.

The above shortcomings of traditi onal 
network infrastructures culminate in a lack 
of agility to support the mission-criti cal 
mobility requirements that today’s dynamic 
port terminals demand.

MISSION-CRITICAL MOBILITY 
Designed to Autonomously Adapt to 
Changing Port Conditi ons

Rather than retrofi tti  ng mobile-limited 
network technology in environments that 
demand total movement, Rajant’s ineti c 
Mesh  private wireless network soluti on 
uses a totally fresh approach.

It has been designed from the ground 
up to give industrial operators, like those 
in ports, the ability to rapidly deploy 
fully mobile, highly adaptable, secure 
connecti vity with a network that works 
autonomously to deliver robust applicati ons 
in real-ti me, no matt er how the network 
topology or port conditi ons change.

A ‘MAKE-MAKE-MAKE-NEVER-BREAK’ 
APPROACH 
Employing a one-of-a-kind connecti vity 
paradigm, a ineti c Mesh network’s 
ruggedized, wireless BreadCrumb  
nodes communicate peer-to-peer and 
can maintain hundreds of connecti ons 
simultaneously, even while in moti on. 
These nodes can be interchangeably 
fi xed or mobile, and can direct traffi  c via 
multi ple peer connecti ons at the same 
ti me. BreadCrumbs are equipped with 
the intelligence of Rajant’s patented1 
InstaMesh  networking protocol, which 
performs conti nuous path switching of 

RAJANT KINETIC MESH® 
NETWORKS
THE KEY ENABLER OF PORT-WIDE MOBILITY  
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wireless and wired connecti ons over 
the best available link, autonomously 
calculati ng the path that enables the fastest 
ti me to delivery at the given moment.

InstaMesh enables BreadCrumbs to 
dynamically make new connecti ons to 
other nodes as they come into range, and 
no connecti ons must be broken for new 
ones to be made. Communicati ons to and 
between port equipment, personnel, and 
command center remain conti nuous a 
criti cal requirement to support the 
24 7 365 functi oning of autonomous 
platf orms that will drive transformati ve 
producti vity gains for a port.

EXTREMELY RELIABLE REAL-TIME 
COMMUNICATIONS
In additi on to making multi ple simultaneous 
connecti ons, BreadCrumb  nodes can 
also support up to four frequencies. This 
further increases the usable spectrum 
for bandwidth-intensive applicati ons like 
those related to M2M and autonomy. 
With hundreds of potenti al paths to direct 
network traffi  c, InstaMesh  dynamically 
selects the fastest connecti on, leveraging 
all available frequencies and paths for all 
network functi ons. Data from one peer 
can be forwarded to another on a diff erent 
frequency at the same ti me, resulti ng in 
extremely low latency that supports the 
real-ti me fl ow of data, voice, and video 
that mobile and autonomous port assets 
require.

Because adding more nodes establishes 
more pathways, network resilience actually 
increases with scale. This is a key benefi t for 
future-looking ports that plan to conti nually 
deploy new digitally-driven applicati ons 
aimed at further increasing effi  ciency and 
cost savings.

AUTONOMOUSLY MITIGATING 
INTERFERENCE
The multi -transceiver, multi -frequency 
redundancy built into a ineti c Mesh  
network removes any single point of failure 
and virtually eliminates downti me, as the 
network can easily route around challenges 
that cause reliability issues in real-world 
port environments. There are many 
elements around the portside that can 
create signal blockage and interference, not 
the least of which come from tower-stacked 
and constantly moving cargo containers. 
InstaMesh enables a ineti c Mesh network 
to react in real-ti me to changes in network 
topology, load, and environmental 
conditi ons, ensuring equipment and 

personnel maintain connecti vity as they 
move between stacks of interference-
causing metal.

InstaMesh automati cally performs path 
evaluati ons at a refresh rate of 50 to 200 
ti mes per second. No manual interventi on 
is needed because the network self- heals 
and self-opti mizes automati cally. If one 
path is not available or interference is 
identi fi ed, the informati on is dynamically 
redirected over a redundant available path 
or paths to ensure it rapidly reaches its fi nal 
desti nati on.

Rajant’s ineti c Mesh network is the 
only technology to incorporate ‘make-
make-make-never-break’ connecti vity and 
multi ple layers of redundancy, making 
it the only fully mobile and mission-
criti cal network on the market today. It 
provides the conti nuous connecti vity that 
autonomous equipment requires to remain 
operati onal as it moves, and the reliably 
high throughput performance demanded 
by effi  ciency- and producti vity-enhancing 
real-ti me applicati ons.

A DYNAMIC NETWORK 
Rajant ineti c Mesh  delivers the robust, 
mobile-enabled connecti vity required 
to help port operators fully capitalize on 
the opportuniti es of evolving autonomy, 
IIoT, and roboti cs applicati ons, because 
the network is the assets: everything that 
must connect and communicate to power 
transformati ve insights, effi  ciencies, and 
revenue gains.

The mobile coverage of ineti c Mesh 
can be deployed port-wide by equipping 
vehicles and equipment like cranes 
and material handlers with ruggedized 
BreadCrumb  nodes  essenti ally 
transforming those assets into mobile 
network infrastructure. This allows for easy 
augmenti ng or creati on of infrastructure 

ad-hoc, seamlessly connecti ng hot zones 
to provide ubiquitous coverage throughout 
the portside.

The robustness of the network ensures 
support for all the applicati ons a port may be 
running today, as well as those it may add in 
the future as it explores new opportuniti es 
to advance operati onal effi  ciency.

These applicati ons may include:
•  Fleet and Asset Management: to enable 

real-ti me data collecti on for telemetry; 
cargo, container, and equipment 
tracking; and equipment health 
monitoring

•  Wi-Fi Asset Tracking: to locate 
containers, equipment, and people 
instantaneously

•  Unmanned round Vehicles (U Vs): 
to patrol port perimeters and enable 
remote surveillance

•  Drone Communicati ons: Rajant off ers 
a BreadCrumb module that can be 
att ached to a single drone or a fl eet of 
drones to collect and transfer video 
surveillance footage securely

•  Autonomous Networking: to 
communicate with and control semi- 
and fully autonomous equipment

The level of port-wide mobile 
connecti vity enabled by a Rajant ineti c 
Mesh network not only helps operators 
maximize effi  ciency and producti vity in 
every part of the terminal, but to also truly 
transform their business model. It provides 
the adaptability needed to support next-gen 
applicati ons enabling the port to predict 
equipment health and performance, create 
autonomy, and deliver new services.
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2017 was a record year at the Port of 
Long Beach. ust one year after Hanjin’s 
bankruptcy temporarily slowed Long 
Beach’s momentum, container volumes 
came roaring back, totaling 7.5 million 
container units in C 2017 – the highest in 
the port’s 107-year history. Meanwhile, its 
neighboring port – the Port of Los Angeles 
– also reported a record year, handling 9.3 
million TEU. Combined, the two Southern 
California ports processed 16.8 million 
TEU, the highest ever for the gateway.  

The strong volumes were lifted by a 
growing global economy, vessel network 
optimization achieved by consolidation 
and the new ocean carrier alliances, as 
well as the ports’ focus on optimizing the 
supply chain. These are all good signs for 
a port complex that is forecast to move 
40 million TEU by 2040. To accommodate 
that growth, the Southern California ports 
are stepping up their game by investing 
aggressively in their infrastructure, 

facilitating coordination across the 
supply chain, and partnering with marine 
terminals to test technologies aimed at 
enhancing operations.

In Long Beach, the port is undergoing 
an unprecedented $4 billion capital 
investment programme to build an iconic, 
cable-stayed bridge, expand rail capacity 
to support more on-dock rail utilization, 
and to deliver a state-of-the-art mega 
container terminal known as ‘Middle 
Harbor’, the new home of Long Beach 
Container Terminal (LBCT).  

Middle Harbor will have an annual 
throughput capacity of 3.3 million TEU by 
2019, effectively doubling capacity while 
cutting emissions in half. The terminal is 
the most technologically-advanced in the 
world, positioning LBCT well for the future. 
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. 

This simple change in terminal 
operations reduces in-yard visit times 
for truck operators because it no longer 
requires them to queue up for service 
in two separate locations.  This process 
improvement has already helped LBCT 
reduce turn times by over 35 .

EMERGING TECHNOLOGIES 
Middle Harbor is just one example of 
how technology is helping to take port 
operations to the next level. For an industry 
that has not seen major innovation since 
the shift to containerization, the adoption 
of emerging technologies is spawning a 
new era of innovation. And it comes at a 
good time. The upsizing of vessel services 
and increasing demands by customers 

TERMINAL  
TECHNOLOGY 
TRIMMING TRUCK TURN TIMES
Dr Noel Hacegaba, Chief Commercial Officer, 
Port of Long Beach, California, USA 
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for enhanced visibility, predictability, and 
reliability are pushing marine terminals to 
adopt tools that attempt to do just that.  

APPOINTMENT SYSTEMS MEET 
PREDICTIVE ANALYTICS
Today, nine of the 12 marine terminals in 
Southern California have an appointment 
system. Two others have pre-gate systems 
in place that significantly reduce driver 
visit times at the terminal. These systems 
help to spread out truck traffic, which 
averages up to 20,000 trucks per day. 
Just as importantly, appointment systems 
also inject visibility and predictability into 
the conveyance of containers between 
the terminal and the truck operator, 
which accounts for more than 70  of all 
terminal transactions in Long Beach.

There is one terminal in Long Beach, 
however, that is taking its appointment 
system a step farther. International 
Transportation Services (ITS) terminal 
is pairing its appointment system 
with advanced predictive analytics 
to offer import customers and their 
truck operators greater flexibility and 
predictability. Based on an approximate 
12-day ocean-transit from the Far 
East to the Port of Long Beach, ITS’s 
predictive availability and advanced 
pre-gate features provide the following 
enhancements:
•  Up to 11 days prior to vessel arrival, 

customers are able to place shipments 
on a watch list  to identify on-vessel 
status

•  Approximately five days prior to vessel 
arrival, customers are able to view the 
estimated time of discharge and set 
desired pick-up preferences  

•  On the day of discharge, ITS’s platform, 
eModal, automatically secures an 
appointment in ITS’s operating system 
and sends a confirmation to the 
customer

The terminal’s advanced planning 
feature benefits customers by allowing 
them to pre-plan US Customs and 
Border Protection clearances and freight 
bill payments, coordinate receiving 
and processing operations at their 
warehouses, as well as optimize motor 
carrier dispatch logistics. Moreover, the 
automated appointment scheduling 
feature reduces the significant 
administrative effort and expense 
associated with tracking individual 
shipment arrivals and setting individual 
pick-up appointments for each container.

In turn, the customer’s advanced 
planning information benefits the 
terminal operator by allowing ITS to plan 
vessel discharge strategically around the 
customer’s requirements and achieve 
operational savings by improving overall 

delivery efficiencies.
ITS launched this first-of-its-kind 

program in anuary, 2018. Since then, the 
programme has been working as planned 
and promises incremental improvements 
to vessel and truck operations over time.

PREDICTIVE AVAILABILITY
The advantages of predictive availability 
cannot be understated. Typically, 
customers have to wait for a container 
to be discharged from the vessel before 
they are allowed to begin the process 
of scheduling an appointment for pick-
up, which adds a minimum of 24 hours 
of on-terminal dwell time between 
discharge and pick-up and frequently 
much more depending on availability 
of appointments and terminal activity. 
Moreover, the information the customer 
has access to is limited to the estimated 
arrival of the vessel. Now, thanks to 
ITS’s predictive availability programme, 
customers can view detailed container 
availability information five days prior to 
vessel arrival. The gains in velocity help to 
reduce container dwell time and free up 
container yard storage area, which allows 
the terminal operator to increase annual 
throughput without increasing their 
terminal footprint. Over time, ITS believes 
this tool has the potential to reduce truck 
turn times by as much as 50 . 

ADVANCED VISIBILITY 
The predictive availability tool employed 
by ITS demonstrates the advantages of 
advanced visibility and access to data. For 
this reason, ports around the world are 
attempting to harness the power of data-
sharing. In Southern California, the two 
port authorities are working with eneral 
Electric Transportation to develop a port 
information portal that integrates data 
into a common user portal. Initiatives like 
these have the potential to enhance the 
conveyance of containers by advancing 
the availability of data and tightening 
coordination across the supply chain.  

SYSTEMWIDE INTEGRATION 
The adoption of emerging technologies 
is an exciting trend that has the potential 
to transform port operations. The 
applications we are seeing could be just 
the tip of the iceberg. oing forward, 
however, we must keep in mind that 
technology in and of itself is just a 
tool. In order to move the needle and 
achieve meaningful results, technology 
has to be integrated within the broader 
port ecosystem, including the discrete 
components of the supply chain and the 
workforce that supports these functions. 
Integration is the key to the successful 
adoption of technology and the best way 

to ensure that these new and exciting 
technological adoptions are successful.

As ships get larger and container 
volumes grow, technologies such as 
predictive availability and port information 
portals – when fully integrated into the 
port ecosystem – could enable ports to 
accommodate cargo growth efficiently 
without necessarily having to increase 
their physical footprint.  

OUR VISION
The Port of Long Beach is committed to 
delivering velocity, predictability and 
reliability today and in the years ahead. 
By investing aggressively in infrastructure, 
collaborating with industry partners to 
optimize the supply chain, and delivering 
world-class customer service, Long Beach 
is positioned to handle the big ships 
of tomorrow. And, by harnessing the 
efficiency gains enabled by innovative 
tools such as predictive availability and 
port information portals, Long Beach 
is adding significant value to the supply 
chain.
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Automating an existing RT  terminal is 
a large-scale project that requires deep 
expertise, careful planning, a capacity 
for wide-ranging systems integration and 
the ability to consider numerous factors 
beyond the technical implementation. 
Operating an automated terminal 
requires a thorough change of business 
processes as well as new skillsets for 
the people operating the terminal. One 
way to successfully address these issues 
is a stepwise approach in converting 
the terminal from traditional manual 
operation to automation.

AUTORTG BENEFITS
Automated RT s are suitable for the same 
types of terminals as manually operated 
rubber-tyred gantry cranes. The main 
reasons to choose an RT  setup compared 
to other terminal concepts include 
simplicity as well as relatively low capital 

expenditures and infrastructure costs for 
deployment. RT s are also highly flexible; 
by contrast with rail-mounted automatic 
stacking cranes (ASCs), the rubber-tyred 
cranes can be moved to a different area 
of the terminal if, for example, additional 
handling capacity is needed at another 
stack.

Due to large existing RT  fleets, the 
stepwise automation of current cranes 
is a commercially viable option for many 
terminal operators, since it enables the 
terminal to gain the maximum benefit 
from current equipment without the need 
for large additional capital expenditures.

THE AUTOMATED OPERATION
Automation brings benefits to terminals 
of any size. In RT  terminals, the benefits 
typically become most apparent when 
operating half a dozen or more RT s. 
However, even a very small terminal 

can realise performance gains from 
the first level of automation (remote-
controlled operation). Automation can 
be implemented in steps from remote 
controlled operation to fully automated 
operations. Even a small initial investment 
will reap immediate benefits, and more 
can always be added later.

RT  automation is relatively new in the 
industry; however, proven technologies 
from ASCs are increasingly being 
deployed in this field. An often-heard 
remark from people seeing an automated 
terminal for the first time is how smooth 
the operation seems. No aggressive 
driving is seen, no containers are banging 
on the ground, and everything proceeds 
in a steady, systematic fashion. In an 
automated terminal, equipment is always 
handled optimally. Unplanned repair 
tasks and collisions due to human error 
are eliminated.

TERMINAL  
AUTOMATION
CONVERTING TO AUTORTG 
Timo Alho, Tommi Pettersson, Miikka Haapa-aho,  
Kalmar
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TIMEFRAMES FOR CONVERSION
The time required for the conversion 
of a manual RT  terminal to automatic 
operation depends greatly on the specific 
design, needs, operational environment 
and business goals of the terminal, 
in addition to the target automation 
level, desired phasing of the project 
and the amount of equipment. A typical 
timeframe for an automation conversion 
might be 12 to 18 months, though this is 
contingent on numerous factors including 
the need for possible electrification 
or Terminal Operating System (TOS) 
upgrades. 

When planning the conversion 
timeframe, a key consideration is whether 
to optimise for maximal testing of new 
systems or for the swift adoption of the 
new processes and organisational culture 
required by automated operations. 
A slower transition will enable more 
thorough technical testing and training 
of operational personnel, but a quicker 
transition may be preferable for 
organisational reasons. However, a 
significant part of the preparations and 
training of personnel can be done in 
advance with training simulators and 
emulation.

MANAGING THE TRANSITION PERIOD
An RT  terminal can be automated in 
several steps, each increasing the level of 
automation. Automating an RT  terminal 
does not necessarily require any changes 
to the terminal layout, but an automation-
optimised layout may improve efficiency.

An alternative way of implementing 
automation in a brownfield terminal is one 
stack block at a time. This method enables 
the adoption of the desired automation 
level in one go, and may be the most 
efficient way to deploy automation at an 
existing terminal. It should also be noted 
that all cranes do not need to be equipped 
with the same level of automation. This 
allows the reuse of existing cranes and 
enables scenarios such as having some 
older RT s retrofitted only for remote 
control, while newer cranes are equipped 
to a higher automation level.

Automation implementation is not just 
a technology project, but involves changes 
to all areas of the terminal. Therefore 
the change management of the entire 
operation has to be planned carefully from 
the very beginning. The professional profile 
of the people operating and managing 
automated equipment will be markedly 
different from the staff running a manual 
terminal. A well-planned automation 
project will encompass training of the 
workforce as well as further development 
of the skills of equipment operators by 
utilising simulation tools.

PEOPLE AND MACHINES
The number one priority in an automated 
terminal is maintaining strict separation 
between automated operations and areas 
in which people work, and designing 
safe yet practical interfaces between the 
two. In an AutoRT  terminal, particular 
attention needs to be devoted to truck 
lane operations in which road vehicles and 
their drivers need to enter the container 
handling area.

High terminal productivity can be 
expected only when the amount of 
exceptions in the process is minimized, and 
the handling of the remaining exceptions is 
as efficient as possible. Human error is by 
far the most typical source of exceptions. 
At many terminals, this issue has been 
resolved by introducing compulsory 
induction procedures for all people that 
are present in the container terminal. 

SOFTWARE INTEGRATION
Automated equipment is only as good as 
the software controlling it. To obtain the 
desired performance from automated 
container handling equipment, the 
terminal’s ERP (Enterprise Resource 
Planning), TOS and other systems must be 
up to the task, and designed to seamlessly 
fulfil the required business processes 
while providing efficient ways to handle 
exceptions.

An efficient automated terminal 
requires that business processes are 
mapped carefully, and that the systems are 
designed to follow these processes. 

Integrating an automated container 
terminal is a significant task that demands 
seamless interfaces between numerous 
systems and subsystems. The task can be 
simplified greatly by professional services 
delivered by a trusted systems provider. 
In addition to testing, such services 
can include, for example, integration 
management that involves coordinating 
multiple sub-projects to deliver a single 
solution to the customer, or operational 
consulting that identifies ways the terminal 
can improve its processes.

DEGREES OF AUTOMATION
RT  terminals can be set up with several 
levels of automation, from basic crane 
remote control all the way to fully 
automated operation. The desired 
automation level can be selected based 
on the existing systems, operating 
environment and business goals of 
the terminal. The degrees of terminal 
automation are as follows: 

REMOTE CONTROLLED RTG
The most basic level of terminal 
equipment automation is remote control, 
which already enables a single operator 

to control multiple cranes. For manual 
RT s, crane idle time is usually up to 
approximately 50  of crane operating 
hours. Remote control provides the 
possibility of optimising the manning level 
of the terminal based on the true amount 
of moves needed, instead of the number 
of operational cranes, as the operators are 
located in an office environment at remote 
control desks, able to take over control 
of any crane in the terminal. Typically, a 
single operator can manage up to three 
RT s remotely, and during quiet hours this 
ratio can be much higher 

SUPERVISED RTG 
At the next level of automation, RT  
operation is already fully integrated 
with the TOS, so jobs are handled in an 
integrated solution and not in a separate 
equipment-specific system. Connection of 
the control desk to the crane is automatic 
once the job arrives. At this level of 
automation, the crane executes automatic 
gantry and trolley moves to the target 
location, as well as automatic hoisting in 
the stacking area, all under the operator’s 
supervision. 

SEMI-AUTOMATED RTG 
More advanced automation features can 
be added for even higher efficiency and 
performance. In semi-automated RT  
operations, the crane executes automated 
trolley movements in addition to 
automated container pickup and ground 
placing in the stack area. With all hoist 
movements automated in the stacking 
area, this level of automation significantly 
decreases the required operator time 
per container move. antry movement 
takes place under operator supervision, 
while truck lane operations and exception 
handling are accomplished by remote 
control. If desired, stack housekeeping can 
also be automated.  

AUTOMATED RTG
Finally, in a fully automated RT  setup, 
all crane functions including hoist 
operation, container picking and placing, 
and gantry moves are automated. Only 
truck handling is carried out under 
remote control. If needed, an operator 
can still step in to manage exceptions 
remotely. With an automated RT  
system, operator time per crane move is 
minimised, and stack housekeeping can 
be fully automatic.  

STEP-BY-STEP APPROACH
In any terminal automation project, the 
key consideration is maintaining maximum 
throughput during the conversion. Many 
terminals have containers moving 24 7 
at the quay and roadside, so operations 
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cannot be shut down completely for 
automation deployment.

In the view of the authors of this paper, 
the most practical way to automate an 
RTG terminal is a phased, incremental 
conversion following the automation levels 
outlined above. However, this is not the 
only option, as areas of the terminal can 
also be automated in one go, for example 
on a block-by-block basis. The optimum 
choice will always depend on the business 
needs of the terminal.

Whether automating the terminal with 
a step-by-step or block-by-block approach, 
the cost savings can immediately be 
measured and evaluated as the conversion 
progresses. A well-planned automation 
project will also involve adding readiness 
for future automation levels that may be 
needed at a later date.

PROCESS AUTOMATION
Irrespective of the automation level and 
conversion type chosen for the RTGs and 
other terminal equipment, an additional 
way to realise significant performance gains 
in any terminal is through software- based 
process automation. Small incremental 
productivity gains from keeping track 
of containers, eliminating manual input 
of information, and optimising crane, 
container and equipment moves add up 
to significant savings per year. Process 
automation is an easy way to begin 
automating a terminal and will continue 
to deliver increased value as more of the 
equipment is automated.

OPEN DIALOGUE
In many geographies, limited availability of 
personnel, even at competitive salaries, is 
a challenge. Automation can help mitigate 
this issue, but also changes the profile 
and structure of the terminal workforce. 
In general, an automated terminal will 
require a smaller but more highly trained 
staff. Automation provides new job 
opportunities, but also places additional 
demands on the workforce.

Successful change management 
requires an open dialogue with all relevant 
parties. Human resources need to be 
taken into account from the beginning. 
The significant workforce impact of 
automation needs to be considered and 
planned carefully, working in cooperation 
with local labour organisations and other 
stakeholders. Conditions, legislation and 
industry labour norms will differ greatly 
from geography to geography, so these 
questions can only be fully answered by 
the terminals themselves. 

T his t echnical p ap er is an abrid ged  versio n 
o f  a lo nger w hit ep ap er ( available o n t he P T I  
w ebsit e) .
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The digital transformation of the 
transportation and logistics industry is 
progressing consistently, as demonstrated 
by the masterplans of key players such 
as Maersk, MSC and CMA-C M in the 
container shipping sector. These plans 
cover the integrated supply chain aspect 
(an evolution of operational and business 
processes) through the expansion and 
acquisition of new digital capabilities.  

Ibrahim okcen, the Chief Digital Officer 
at Maersk Transportation and Logistics, 
recently outlined how the future for his 
company is dependent upon a seamless 
synthesis of the organization’s expanding 
digital capabilities with their extensive 
industry expertise. This is another sign that 
digitization and automation are the major 
forces shaping our industry today.

Digital initiatives are becoming stronger 
and stronger in major companies, however 
there continues to be a trivialization of 
solutions as only ‘technology-based’. This 

results in confusing and ‘undercooked’ 
scenarios for companies considering what 
will be realistically possible and approachable 
in the coming years when it comes to digital 
transformation. Our industry cannot simply 
look at new technologies in isolation. We 
must be attuned to end users, taking note 
of their experience and implementing it as 
a core element in inspiring broader changes 
to transportation and logistical processes. In 
essence, the technological evolution of their 
businesses into the future.

Transport and logistics are no longer 
merely a service contract in which the 
customer is a passive actor with no 
decisions to make; today the customer’s 
end-to-end experience, engagement and 
satisfaction are the real differentiation 
between providers. Within logistical models 
such as the ones executed by Amazon or 
Alibaba, their differentiation is enabled by 
supply chains that are on-demand driven. 
The paradigms with regard to time, cost 

and responsiveness are vital in remaining 
competitive. These strategies are managed 
through an end-to-end process approach, 
with a deep understanding of consumer 
behaviour. 

eff Bezos, the CEO of Amazon, has 
highlighted many times at conferences that 
the real revolution from Amazon is coming 
from the connection of real consumers to 
a dynamic network of information, people 
and ideas. To establish a reliable and 
scalable structure, Amazon has prioritized 
its focus on its distribution supply chain as 
the core of its business model.

RESPONSIVENESS, FLEXIBILITY AND 
RESILIENCY 
New developments have also been 
witnessed by key cargo owners such as 
Inditex and Tesla, both of whom have based 
their business models on a core logistical 
performance, which is characterized 
by high efficiency, responsiveness and 

DIGITAL CONTAINER  
SHIPPING  
THE PATH TOWARD INTELLIGENT SUPPLY CHAINS
Mafran Martinez, Managing Director, Algeciras Logistic Areas 
and Dr. Oscar Pernia, Vice President, Applied Innovation, Navis LLC

EDITION 77: SPRING 2018    37 

AUTOMATION AND OPTIMIZATION  | INTELLIGENT SUPPLY CHAINS  



operational sustainability (all critical factors 
for differentiation). These actors make 
use of advanced analysis and prediction 
capabilities to control their product value 
chain proactively and dynamically, based on 
an understanding of the real-time transport 
and market situation, thereby utilizing data 
from their own supply chains. 

Pablo Isla, the CEO of Inditex, has outlined 
that logistics is not just a question of being 
fast. It is about defining the ‘concept’ of 
demystifying what a customer wants and 
then constructing a deeply integrated 
supply chain that flows between design, 
manufacturing and logistics.

In our industry, value and competitiveness 
are defined by time and cost requirements. 
This baseline is not something that is clearly 
determined in the current technology 
models and solutions. The only stable truth 
is articulated through a good understanding 
and connection of processes, related 
problems and associated value. There is no 
common rule to manage goods and deliver 
satisfaction to customers, especially in 
terms of time. 

Some products require a fast logistic, 
other products need a just-in-time logistic 
(these things are not the same) and for 
others, time is not a factor. There will be 
no global logistics in our industry as any 
product, any customer, and any need has 
to be covered by transportation companies 
who will always offer the best choice for 
each unique case. This means that container 
companies need to modify their vision. They 
must look from container transportation 
to cargo transporters, and then focus on 
what s inside the box.

There is a clear demand to enable 
more ‘Logistics Amazons’, firstly to avoid 
monopolizing the market, and secondly in 
order to push ‘fair globalization’ boundaries 
out. Both the overall supply chain and 
the individual actors are demanding 
advanced connectivity and integration. 
In order to provide this, it is fundamental 
for collaboration networks and relevant 
international institutions to frame 
processes and data standardization in a 
manner that is open to new and dynamic 
practices. We must also foster paradigms 
that will move the industry toward a 
further decentralization of management 
specific processes, thereby allowing greater 
transparency and traceability control 
throughout the supply chain.

In the present global scenario of 
investment, innovation and growth, the 
basics of end-to-end planning processes 
must be re-evaluated. Today, supply chain 
planning processes take place in isolation, 
with claimed victories based on myopic 

PIs, while the overall supply chain lacks 
responsiveness, flexibility and resiliency. 
Worse still, contingencies are costing 

hundreds of millions of dollars to fix and 
recover. A shift to end-to-end processes, 
that includes planning but also feedback 
loops from execution, is necessary to move 
toward a more intelligent and manageable 
supply chain.

PROCESSES STANDARDIZATION, DATA 
STRUCTURE AND SECURITY
There are fundamental changes needed 
in planning processes. If our industry is 
able to standardize processes end-to-end, 
the digitalization and automation of those 
processes, given the future evolution of 
technology, will become the trivial part. 
The existing and emerging technologies 
cannot enable change if we don t unlock 
the potential of connecting processes, 
leveraging data, and cultivating value-
creation mindsets for operational and 
environmental efficiency and sustainability.

Current processes are focused on 
performance and cost competitiveness and 
centre on enhanced asset management 
covering equipment, storage and personnel. 
But the related trade-offs driving industry 
interactions, as with ocean carriers and 
terminals, are not easy to manage as there 
is not enough trust or awareness when the 
related operational decisions are made. 
There are fundamental changes we need 
to apply to current processes, and to put 
new IT on top of non-standard and non-
controlled processes before we achieve 
evolution would be a wasted effort.

With regard to the information 
infrastructure supporting container flow, 
all related data components must be 
embedded within a seamless shipping 
information pipeline, which would make 
data accessible and shared between all 
involved parties. The automatic and secure 
processing of information will open new 
levels of transparency and efficiency, as well 
as enabling proactivity to current critical 
processes, such as those around customs 
declaration, thereby impacting container 
flow only when absolutely needed. Also, 

documentation challenges and related 
financial and legal constraints are moving 
us toward ‘smart contracts’ via emerging 
technologies such as cloud platforms. 

However, ocean supply chain actors are 
not ‘open’ to sharing any more information 
beyond that which is specifically required, 
thereby blocking any potential collaboration 
and visibility. This openness to share is also 
impacted by latest cybersecurity incidents, 
which have resulted from hacking the 
technology or by exploiting the human 
element. The introduction of partners and 
regulatory institutions can solve this and 
ensure access to the relevant information 
flows in order to allow us to cover this 
as yet untapped value. This is where the 
value of technologies like ‘Blockchain’ make 
all difference, as it will enable a secure, 
traceable and standard digital record across 
container transactions.

Bodies such as the European Union 
(EU) are involved in a process of 
standardization of information, documents 
and procedures in a bid to allow the use 
of this data in any part of the logistical 
chain. Different initiatives such as the 
EU’s Digital Transportation and Logistics 
Forum (DTLF) are developing consistently 
and shipping is beginning to be only one 
part of a complex user-oriented chain. As 
mentioned above, regulatory institutions 
will have a key role not only in structuring 
standards across the current processes and 
practices, consistently enforcing evolution 
over obsolete procedures and intermediary 
parties which are not adding any value. 

DIGITAL AND AUTOMATED INTELLIGENCE 
SOLUTIONS
The increasing size of mega-vessels will in 
turn reduce the number of ports, bringing 
a lot of individual logistical chains together 
in hub terminals. This reduction of ports 
in a scenario where the satisfaction of 
the customer and time optimization is a 
strategic factor will change the concept 
of transportation. New inland routes and 
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terminals are to be expected. We expect 
new concepts such as inland feeders to 
appear, reducing the port operation in 
scale (the value of time is the real enemy of 
transshipment operations) while increasing 
inland operations.

This tough deal for mega-vessels 
demands an integrated and holistic vision 
(one that is end-to-end), not only for the 
process associated with vessel calls, but 
also for the inland routes and terminals, 
allowing analytics and measurable technical 
data that will give a real-time optimization 
of associate processes and a collaborative 
philosophy with any stakeholders sharing 
information and operational objectives 
( PIs) related to efficiency, security and 
sustainability.

The optimization of specific logistics 
for any customer or any transported good 
needs a next step in the analysis of the 
data in vessels, routes, ports, terminals, 
and associated services. The high volume 
of decisions and the myriad factors that 
are involved in this optimization require 
automated, dynamic and interconnected 
decision making. Only solutions that give 
visibility through different operational 
areas, different time horizons and different 
customer requirements can offer a truly 
holistic and integrated optimization. 

Within this scenario, and with a clear 
definition of processes and improvement 
use cases, emerging technologies like 
artificial intelligence (AI) and blockchain, 
among others, will offer a huge opportunity 
to transform paradigms and to introduce 
evolution in the following ways:
•  Artificial Intelligence and Machine 

Learning: With their pattern-based 
learning capabilities built to respond to 
repetitive, yet complicated and dynamic 
environments, will trigger opportunities 
by transforming information into 
meaningful data, connecting planning 
processes and enabling better visibility 
into real time flows. Specific uses include:

 o  Improving data generation and 
reliability from automated equipment 
moves, resulting in enhanced decision 
making and accurate analysis of 
operational performance

 o  Resource allocation and trade-off 
decision recommendations from 
correlating stowage, berthing, vessel 
and yard planning data components

 o  UI analytics and virtual assistants 
facilitating operator proactivity and 
consistency of standard operating 
procedures (SOPs) to deal with 
exceptions and congestion

•  Blockchain: While this technology is still 
in its infancy, there is huge potential to 
establish a core foundation to transform 
the current constraints caused by 
uncertainty and distrust across the 

container flow into opportunities to 
empower a more secure, safe and 
better performative global supply chain. 
Specific uses include:

 o  Container release processes 
(connection with inland networks) 
and encapsulation of required data 
components from equipment and 
processes through cargo flow and 
related transactions

 o  Contracts trusting bonds and 
securitization through enhanced digital 
identification of actors and removal of 
non-value adding intermediary parties

 o  Container track and trace across the 
supply chain, enabling decentralized, 
digital supply chain management 
including enhanced transparency 
across all processes

CONCLUSION    
In conclusion, the success of companies 
like Amazon and Alibaba is fundamentally 
based on their customer needs and 
satisfaction. All this is triggering a 
strong interest and focus on the 
transportation and logistics industry and 
its transformation. Future transformation 
is concentrated on a more integrated 
operation across the whole supply chain 

and the introduction of new digital 
concepts and relationships.

All necessary changes require not only 
the introduction and integration of new 
technologies, but also the redefinition of 
operational processes and business models. 
The future connected supply chain needs 
to be inherently fragmented with diverse 
and multiple parameters and requirements 
across logistical supply chains. Chains that 
are always changing over time.

As technology is progressing and evolving 
significantly, our industry needs to be aware 
of the limitations that are holding back our 
further evolution. Only the standardization 
and integration of end-to-end processes and 
the connection of the customer experience 
to the operational decision-making process 
will create the required impact to discover 
new paradigms on our path toward 
intelligent supply chains.

Finally a call for innovation. Innovation 
must be the core foundation to work with 
a constant sense of urgency, in order to 
embrace paradigm change and forge the 
future. et we must focus this innovation 
on the present problems for our industry, 
which are myriad and demanding. As Albert 
Einstein once said: I never think of the 
future. It comes soon enough.”
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Digitalization is impacting every 
industry and ocean container shipping 
is no different. The latest trends have 
organizations focusing on smart, 
technology-driven management to reduce 
expenses and increase efficiency. Artificial 
Intelligence (AI) and Machine Learning 
(ML), as well as the Internet of Things 
(IoT) and blockchain, are the most talked 
about transformative and disruptive 
technologies in the world today. 

Over the long term, digitalization will 
ultimately connect buyers and sellers, 
automate paper trails and improve 
working capital through centralized 
settlements. The opportunity to tie the 
physical operating process to the digital 
financial operating process will accelerate 
to deliver on the promise of digitalization.

While AI has the potential to massively 
disrupt the container shipping industry, 
today s applications will assist in jobs 
rather than replace jobs. For example, 

scientists at MIT illustrated how oogle s 
image-recognition AI could be fooled 
into believing a baseball was an espresso 
or a cat was guacamole through slight 
distortions that humans would instantly 
recognize . The results show that AI 
programs are susceptible to misidentifying 
objects that are slightly distorted, 
whether manipulated intentionally or 
not. This echoes an earlier study showing 

oogle s AI could identify cats in videos 
in more than 70  of cases, yet a human 
child could identify them in 100  of 
cases. AI programs will continue to 
advance, but their weaknesses illustrate 
why humans will remain a critical part of 
AI implementations as they’ll be required 
to handle exceptions and higher-end 
tasks, ones that require creative and 
original thinking, as well as ones requiring 
leadership roles.

AI promises to improve efficiencies in 
ocean container shipping, but many fear 

it will lead to a loss of jobs; however, it’s 
much more complex than that. Mc insey 

lobal Institute estimates that up to 800 
million global workers could lose their jobs 
by 2030 due to automation ; meanwhile, 

artner suggests that by 2020 AI will 
automate 1.8 million people out of work, 
but it will create 2.3 million new jobs .  

STANDARDIZATION = AUTOMATION
AI will lead to a shift in the type of jobs 
performed, and in the process create 
more opportunities. In IT there is a belief 
that anything that can be standardized can 
be automated, but one of the challenges 
in container shipping is that there are a 
high number of exceptions. AI will allow 
workers to focus more of their time on 
those exceptions. 

The past is often the best predictor of 
the future. When cars replaced horses, 
few predicted the emergence of the 
automobile industry and the resulting 

HOW AI CAN  
POWER GROWTH 
OPPORTUNITIES IN GLOBAL CONTAINER SHIPPING
Inna Kuznetsova, Karim Jumma and Peter Spellman, 
INTTRA, New York, USA
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massive new job creation, as well as the 
birth of the entire trucking and shipping 
industry that drives logistics. Another 
disruption occurred with the invention 
of pallets and then the modern shipping 
container, which many feared would lead 
to increased job losses. Because of this, 
decades back drivers delivering pallets 
were required to unpack them and then 
have the contents packed onto pallets 
again in an effort to preserve jobs they 
thought were threatened. That inefficiency 
ended for obvious reasons, yet the 
number of employees in global shipping 
and maritime industries skyrocketed. 

We expect to see the same with 
AI, which will create new jobs and 
opportunities. AI and ML will help remove 
additional inefficiencies in the system by 
directing technology at areas that can 
be easily standardized. This includes the 
prefilling of various forms, or aspects of 
customer service at the search-engine 
level to help customers find information 
and sources before they speak with a 
client. Shipping is always full of exceptions 
due to human error, weather interference 
and unexpected events. Humans are 
better at dealing with exceptions, so the 
role of AI in logistics is to free up workers 
for higher level tasks that will help clients. 

THE BUILDING BLOCKS OF AI
AI offers a few different dimensions that rest 
on the foundation of recent technologies to 
help answer two key questions enabling 
digitalization and, eventually, AI:  
1. Can I store it
2. Can I process it

In answer to the first question, we can 
now save virtually every piece of data 
using a simple cloud solution such as 
Amazon Web Services (AWS). This enables 
organizations to accumulate data at a 
reasonable cost, to the point where they 
can keep and store all the data they touch, 
and because they can keep and store all 
the data they touch, they can then reason 
with it. This enables ML which leads to the 
promise of improved efficiencies through 
predictive analytics.  

So connecting the technology dots to 
get to AI starts with digitalization, which is 
happening now. Digitalization moves the 
data from paper to computers in a format 
we can manipulate. Cloud then gives us 
the ability to store it and process it, which 
then leads to AI applications that will 
incorporate ML to reason with the data. 

TODAY AND TOMORROW 
One very real, near-term initiative that 
incorporates AI are chat-bots using 

Natural Language Processing (NLP). 
Chat-bots represent the early face of AI 
and will impact all areas where there is 
communication between humans. The 
growth in chat-bots across all industries 
will be explosive. 

Imagine an AI application that 
configures forecasts with an automated, 
conversational interface. By looking 
at a customer’s pervious bookings, 
the AI app can learn unique personal 
preference, enabling the parameters 
to be automatically prefilled because 
the application has learned from past 
behaviors. This will allow organizations 
to improve the booking process while 
freeing support people to focus on more 
pressing tasks.  

In the future, AI will increasingly help 
with other critical tasks while working in 
conjunction with humans. One area is with 
Harmonized System (HS) codes, which is 
based on an international standard that 
classifies traded products. An error in 
the HS code, which is not uncommon, 
can cause significant delays and increase 
costs. AI coupled with MR will be able 
to correct many of these errors upfront 
by assigning the proper HS codes, only 
involving humans on exceptions that can’t 
be easily resolved. 
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Another area where AI will help is 
with smart containers. AI and IoT will 
allow refrigerated containers, or reefers, 
to be monitored and handled remotely, 
increasing and decreasing temperature 
and air flow as required by changing 
conditions. The AI-enabled system will 
only involve humans for exceptions.

PREPARE NOW
Automation will become increasingly 
important as the advantages of 
digitalization are realized. We recommend 
several steps to prepare:
1 . Pilot:  It’s important for a company, 

carrier or forwarder to determine if this 
is a core competency, or if they’re better 
off working through a partner. Certain 
carriers have significant IT resources, 
enabling the piloting of numerous AI 
projects; most, however, either don’t or 
they lack the desire to direct resources 
toward IT projects that may not pay 
dividends almost immediately

2 . Learn:  One size does not fit all, and 
that is certainly the case here. Learn 
how applicable the AI project is to your 
operations, whether you’re piloting 
it directly, working through a partner, 
or a blend of both. The important 
question to keep asking: can it improve 
efficiency and deliver benefits cost 
effectively  

3 . Measured Pieces:  The implementation 
of AI requires many of the same 
methodologies of agile software 
development, which is often a shift in 
how companies develop IT and software 
solutions, with a move toward delivering 
individual parts of the software and not 
on the entire application

4 . Train Employees:  AI and the resulting 
changes will create stress on workers. 
Businesses will benefit from AI 
tremendously, but businesses have to 

think about how to help employees 
master new skills, including skills that 
will allow them to focus on areas that AI 
can’t address. When the new shipping 
containers mentioned previously were 
introduced, many of the larger carriers 
created a fund to help with training 
and ease tensions. That was a solution 
decades ago. Today we may require a 

different approach, but it serves as a 
reminder that as an industry we should 
start the dialogue to understand what 
type of skills will be required 

It is an exciting time to be a technology 
platform in logistics. We’ve all talked 
about digitalization and what it enables, 
including AI, but now it comes down to 
execution. 
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If I had to choose one word to describe the 
state of the world today ‘hyper-connected’ 
would be a good choice. Hyper-connection 
has fueled the growth of commerce around 
the world. Our ports serve as gateways for 
those goods, speeding or impeding their 
passage from source to customer. 

With this rapid expansion of global 
business in the last few decades, port 
operations have become more critical 
than ever for global companies and their 
customers. Shipping volumes have slowly 
inched up, with the top 15 ports in Europe 
experiencing 14%  growth in the last 10 
years. 

Also, ships have steadily grown larger, 
putting more strain on terminals and port 
operators, while ever-changing regulations 
and growing security concerns have further 
complicated matters. 

HOW MODERN PORTS OPERATE 
While the world has grown more 
connected and interdependent, our ports 
often operate as isolated islands, with little 
connection to what’s happening upstream 

and downstream in the supply chain. This 
causes a host of problems, including a lack 
of visibility, and poor communication and 
coordination among ports, terminals, and 
ocean and landside carriers. 

This is a major concern for ocean 
shippers. McKinsey has found that shippers 
are very dissatisfied with current services  
and that their top complaints are:  
1. Poor availability of equipment, and 

poor reliability (exacerbated by poor 
communication when things go wrong)

2. Frequent disruptions at ports which are 
often attributed to labour strikes and 
driver shortages, but many shippers 
suspect they are due to bad decisions 
on the part of ocean freight providers 
and port operators

McKinsey notes that the most urgent 
need is for improved transparency and 
communication. This is because shippers 
want more reliable delivery dates and 
better communication when things go 
wrong. But why is this so hard to achieve? 

The chief reason is that most ports, 
terminals, and carriers operate with 

decades old technology, many with their 
own messaging systems, and few, if any, 
common standards. This is true across 
the supply chain. The systems evolved 
and became entrenched in an era before 
globalization, and before the rise of the 
internet and the cloud.  

So, the problem remains. Our ports, 
though global gateways, are a bit like 
the Tower of Babel, with minimal 
communication and visibility beyond 
the terminal. This makes it difficult to 
anticipate, prepare and smooth the flow 
of goods from the terminal through to 
transportation. This is understandable, 
as it's not easy to connect the myriad of 
systems each organization uses, and thus 
be able to share information and gain 
better visibility over the supply chain.

UP AND DOWNSTREAM BLINDNESS
All too often, ports are ill-prepared for the 
arrival of ships. Typically, they ask carriers 
when their ships will arrive. The carriers 
check with the captains, and then relay the 
information back to the ports. This manual 

OPTIMIZING PORT 
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and roundabout method introduces major 
errors. According to McKinsey, these 
estimates are off by an average of 13 hours.  

This lack of predictability and reliability 
means ports and terminals cannot plan 
effectively, and are often ill-prepared 
for cargo arrivals, and may not have the 
resources needed to o oad and handle 
it in a timely and efficient manner. On the 
other hand, when an expected ship fails 
to show on time, resources are tied up 
unnecessarily in idle anticipation. 

This lack of visibility manifests on the 
landside too. With no visibility of container 
contents, nor to the urgency of demand, 
containers are usually unloaded ad 
hoc, and fed into transportation modes 
without regard for the actual demand for 
specific cargo. Commodity items with no 
urgency could easily take precedence over 
critical shipments that are holding up a 
production line. Without this information, 
cargo unloading cannot be prioritized 
and appropriate and cost-effective 
transportation cannot be utilized. 

Depending on the cargo and the urgency, 
this can have a serious impact downstream. 
Critical cargo may be delayed, forcing a 
factory shutdown, or inventory for an 
expensive promotion could dry up. Thus, 
these problems spill beyond the port and 
ripple through the supply chain, delaying 
ships unnecessarily, causing stock outs, 
and lost sales at stores. They can make or 
break a promotion or a product launch and, 
ultimately, they can affect a manufacturer or 
retailers’ reputation and customer loyalty. 

The good news is that with recent 
developments in technology, particularly 
in innovations in cloud technology such 
as multi-party digital business networks, 
companies can side-step the problem 
of untangling and integrating disparate 
technologies and messaging systems. They 
can connect to a digital network, and let 
the network do the translation for them. 

FROM ISOLATED ISLANDS TO DIGITAL 
NETWORKS  
Imagine if ports, terminals, and landside 
carriers, had visibility into incoming cargo 
well in advance into how many containers 
are coming in as well as container contents 
and the urgency of the shipment. Ports 
could prepare for the workload and ready 
any required equipment. Cargo could be 
unloaded in order of priority to speed up 
the flow of critical goods. The appropriate 
transportation mode could then be 
selected based on costs and the urgency 
of demand. 

Digital networks with real-time data 
that flows across all supply chain nodes 
make this a reality. With better data comes 
better planning, and more efficient and 
reliable operations. In addition, real-time 

data carries a profound, yet often ignored, 
benefit; it inspires confidence. When 
average vessel arrival times are off by 13 
hours, it diminishes confidence in the data 
and trust in the carriers. However, this data 
is critical to driving derivative decisions at 
the terminal and down the line, such as 
allocating equipment and drivers. 

With today’s technology, there is no 
reason for critical information not to be 
shared. Multi-party networks can connect 
all parties in real time. Strong permissibility 
frameworks ensure that each party has 
access to only the information it needs. 

Real-time data is critical to keeping 
ports, terminals, and carriers in sync. As 
conditions change all relevant parties 
are alerted immediately and can plan 
accordingly to minimize disruptions 
downstream. 

These networks provide the much-
needed visibility and transparency, 
but also provide the backbone for 
communication and collaboration in 
resolving issues. Social applications like 
live chat and Twitter-like micro-blogging 
apps make real-time communication quick 
and easy, while capturing and logging the 
communications and tying them to the 
relevant transactions and workflows. 

Advanced digital networks are 
technology agnostic. They embrace a 
diversity of legacy systems and have 
adapters that integrate with ERP systems 
and a multitude of messaging formats. 
They also facilitate the adoption of new 
technologies and can incorporate live 
streaming data from third parties and 
devices, such as IoT (Internet of Things) 
services. Advanced multi-party networks 
use artificial intelligence to support better 
decision-making and optimize all aspects 
of the supply chain, from container 
prioritization to inventory levels and 
transportation mode and route selection. 
For such networks, GPS tracking of ships, 
trucks and even temperature conditions 
within a container, is not unusual. This 
data forms a rich backdrop that can be 
served up to dashboards to alert operators 
and supply chain managers to changing 
conditions and issues, so they can be 
proactive in resolving issues. 

In short, by unifying all parties and data 
on a single network, multi-party networks 
allow ocean carriers, port operators and 
landside carriers to see opportunities 
for improvement that were previously 
invisible. Optimizing one node in the 
supply chain is good, but it has little effect 
if other nodes are subject to delays and 
constraints which impede the flow of 
goods further. Dramatic improvements 
come from coordinating all parties across 
the ecosystem more intelligently and 
efficiently. 

DIGITAL BUSINESS NETWORKS 
Successful companies all excel at uniting 
the supply chain, satisfying the consumer 
quickly and efficiently. Port, terminals 
operators and carriers play a vital role in 
this ecosystem. With multi-party digital 
networks, the technological hurdle is 
rapidly diminishing. Organizations can 
connect to the network once, and still use 
their existing legacy systems while enjoying 
increased visibility up and downstream 
and transacting with other organizations in 
real-time.

With multi-party business networks, not 
only can organizations catch up to new 
technologies quickly, they can also keep 
abreast of market and technology trends. 
A major advantage of these business 
networks is that they often include 
Software Development its (SD s) for 
rapidly adapting applications or building 
new ones. These applications can be 
made available to the entire ecosystem. 
This means that the portfolio of network 
apps is continually growing and adapting 
to new challenges and leveraging new 
technologies as they emerge, helping 
companies stay agile and on the forefront 
of technological developments. 
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Over the next decade, virtually every 
industry in the world will be digitalized as 
part of the Fourth Industrial Revolution 
(4IR) – that catch-all phrase for the 
accelerating trend of automation, cyber-
physical systems, the Internet of Things 
(IoT), cloud computing and artificial 
intelligence (AI). While the advancements 
of the early adopters in IT, media, 
financial services, and even advanced 
manufacturing have captured the 
headlines and our imaginations, many 
other industries have been quietly making 
their own inroads. 

In recent times, it has been the turn 
of the container logistics supply chain to 
push for the adoption of digital solutions, 
spurred on by the market consolidation 
amongst global players and the need to 
address productivity inefficiencies that 
have long plagued the industry. 

RIPE FOR DIGITAL CHANGE
The container logistics industry is 
especially ripe for digital change as it 

is plagued by data silos and process 
inefficiencies, especially in exchanges 
between supply chain participants. 
These inefficiencies have impacted 
profitability and impeded the smooth 
flow of information for many years, and 
the disconnect has only increased as the 
scale, scope, and complexity of world 
cargo trade has grown. 

In its recent publication ‘Container 
shipping: The next 50 years’ , Mc insey  Co 
forecasts that shipping will be a completely 
digitised, autonomous industry  by 2070. 
The risk for incumbents, it says, is that 
“… tech giants and digital disruptors will 
capture most of the value from customer 
relationships by moving faster.  This poses 
an urgent existential threat to an existing 
ecosystem of players, many of whom - at 
least in our experience – are overwhelmed 
by the pace of change and confused by the 
emergence of so many modern buzzwords 
and new technologies in an industry that 
has, in the past, relied heavily on manual 
processes and siloed relationships. Many 

stakeholders simply do not know where 
to begin, what questions to ask, or what 
digitalisation could or should mean for their 
business. 

This paper aims to demystify what 
digitalisation means for the container 
logistics industry while highlighting 
key technology themes that stand out 
as strategically significant in achieving 
change:

1. PLATFORMS AND THE ‘DATA 
ECOSYSTEM’ ECONOMY
‘Hyper-connected’ technologies such 
as the Internet of Things (IoT) offer new 
transaction experiences to multiple 
parties and users within the supply chain. 
The data ecosystem economy is something 
that we have become accustomed to in 
our daily lives – major companies such as 
Amazon, eBay and Alibaba are examples 
of players who have evolved our consumer 
experience. 

A growing number of platform 
businesses are also starting to have a 

CONTAINER LOGISTICS 
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real impact on logistics and shipping 
processes. This ranges from contractual 
processes, such as the New ork Shipping 
Exchange, to digital freight forwarders 
such as Flexport, to operationally-
oriented platforms like XVELA on the ship-
terminal interface and Containerchain for 
port landside and hinterland tri-modal 
logistics. 

Platforms such as these streamline 
the exchange of data and, perhaps more 
importantly, create a standardized set 
of data among a connected group of 
users such as beneficial cargo owners 
(BCOs), liners, port terminals, intermodal 
transporters and container depots. This 
data is in real-time and seamless, thereby 

reducing the manpower quotient and 
the likelihood of costly mistakes or lost 
information.

The recent launch of an integrated 
transport platform – an operational 
efficiency and data sharing system – in 
Singapore that connects PSA and an array 
of players in the landside logistics supply 
chain, is another example of recent 
progress in this area. Data is collected and 
shared across a community of container 
depots, port authorities, transporters and 
freight forwarders in order to minimise 
unproductive trips and delays by up to 
40 . 

Platforms and data ecosystems allow 
container logistics companies to operate 

in a connected world where manual 
processes are replaced by digitised ones 
and real-time collaboration with other 
players is key to capturing operational 
efficiencies.

2. BEYOND VISIBILITY 
The theme of visibility (knowing where 
your shipment is within the supply chain) 
is not new to the industry and is no longer 
seen as an innovative development; 
rather, it has become the baseline for 
any digital solution that connects supply 
chain stakeholders. Instead, real-time 
connectivity combined with information 
transparency and exchange is what is 
required to deliver the next stage of 
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evolution in the supply chain. 
As the global container logistics industry 

faces increased financial and operational 
pressures, including shipside and landside 
congestion in ports, there is more impetus 
to embrace IoT, transparent digital identity 
and blockchain technology to tackle 
inefficient business processes and connect 
parties more efficiently in real time.

Blockchain is one current example 
of a new way of sharing information 
in a secure, digital format via 
distributed ledger technology (DLT). 
The technology has been available for 
some time supporting the evolution of 
cryptocurrencies, but is now finding a 
toehold in supply chain systems. In its 
simplest form, the technology allows 
sharing of information in a secure 
and encrypted manner to mitigate 
cyber-attacks or manual intervention 
or manipulation of original source 
information. Its function is to create a 
more transparent, faster and easier way 
for information sharing amongst peers, 
where data is synchronised in real time 
without the need to be aggregated and 
controlled via a central ‘source of truth’.

 A “new quality of trust in trade and 
monitoring along the supply chain,  as 
the World Economic Forum terms it, is 
increasingly in the industry’s grasp.

As has been widely publicised, Maersk 
Line has been especially active in embracing 
the combination of IoT and Blockchain. 
The carrier has collaborated with IBM on 
a blockchain project to manage the paper 
trail on 10 million containers worldwide, 
with estimated cost savings of US$4 
billion. It also installed ‘smart’ technology 
on its circa 300,000 refrigerated container 
fleet, and is now sharing live data with its 
shippers. Maersk makes no bones that its 
vision is transformation into a ‘data-driven 
container logistics integrator’. It recently 
announced the launch of a new joint 
venture business with IBM to develop a 
global trade digitization platform for use 
by the entire global shipping industry 
using blockchain technology and built on 
open standards.

Other carriers may not yet have gone so 
far, but the appointment of Chief Digital 
Officers at global carriers like CMA C M 
and a push for adoption of a digital-focused 
customer experience are telling examples 
of where things are headed. The push 
for adoption of Blockchain technology 
within the industry is further evidenced by 
recent major freight forwarder and parcel 
delivery company UPS, which announced 
in late 2017 that it will join the Blockchain 
in Trucking Alliance (BITA) with the aim to 
combine future pricing with data analytics 
and AI to matching trucking demand and 
supply for jobs at a lower cost. 

Blockchain applications and platforms 
are one technology that will assist the 
industry achieve data transparency and 
move beyond just visibility. However, the 
challenge for adopters is not just about 
understanding the technology application 
itself but the need to review and 
reengineer existing business processes, so 
as not to entrench existing processes that 
contribute to inefficiency and sub-optimal 
outputi.  

3. AUTOMATION
From self-driving vehicles and cranes, 
to remote-controlled ships, warehouse 
robots and drones, robotics and AI are 
transforming supply chains towards true 
automation. In the port sector, robotization 
has been developed since the early 1990s, 
including driverless yard cranes and, more 
recently, remote-controlled ship-to-shore 
cranes. However, the current pace of 
digitalisation and interoperability between 
IoT ‘smart’ devices, AI, Blockchain and 
other technologies is likely to prompt 
a significant step change in the level of 
adoption of such automation, including 
machine-to-machine interaction, in order 
to effect business processes with no 
manual intervention.

This trend will also be supported 
by environmental pressures that seek 
‘cleaner’ sources of mobility and handling 
operations.

Recent developments in some port 
precincts in China suggest that port 
automation is now incorporating AI and 
driverless trucks to reduce labour costs 
by up to 70  while increasing efficiency 
by 30  to resolve congestion and waiting 
times at terminal facilities.

The merging of robotics and autonomous 
vehicles with other digital technologies 
and applications such as data platforms 
supported by blockchain technology is 
set to further transform the container 
logistics supply chain. Similar to other 
themes, it will be necessary to assess and 
re-engineer existing business processes to 
achieve maximum optimisation levels. 

BUSINESS PROCESS TRANSFORMATION
In order to successfully achieve efficiencies 
via digitalization and its many potential 
applications and technologies, operators 
across the supply chain must first look 
at current business processes to assess 
pain points for the business and/or the 
business’ customers. Upon evaluating 
the actual future need for that process, 
an organization can then determine how 
a process should be re-engineered in a 
digital form in order to deliver operational 
efficiency and cost savings and ultimately 
contribute positive value to the supply 
chain. 

In some cases, such a transformation 
identifies the process itself is no longer 
relevant to today’s supply chain needs, and in 
most cases, the process has not been evolved 
to cope with the digital age and therefore 
must be re-engineered before technology can 
provide its part in the solution. 

Therefore, change management, 
business process re-engineering and a 
shift in mindset towards how the whole 
supply chain ecosystem synchronises and 
communicates are the building blocks to 
the future success of digitalisation and 4IR.

STEPS FOR A DIGITAL FUTURE
Three key steps enabling organisations 
to embrace the fast-paced digital future 
successfully include: 
•  The establishment of agile change 

management practices and business 
process reengineering

•  Rethinking the traditional interface 
and forms of collaboration with other 
supply chain partners in the age of 
transparency, real time visibility and 
the connected platform economy 

•  Engaging with national and international 
regulators and policymakers to support 
and develop a robust agenda for change 
within a governance framework that is fit 
for purpose in a digital global eco-system

iSax o n, St eve. 2017. ‘ H o w  co nt ainer 
ship p ing co uld  reinvent  it self  f o r t he 
d igit al age’  [ o nline] :  M cK insey . Available 
at  h ps .m inse . om industries
t ra e l - t ransport-and- lo i st i s our-
insi hts ho - ontainer-shippin - ould-
reinvent - it self - f o r- t he- d igit al- age
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“Game theory demonstrates that it is trust which sits at 
the centre of successful collaboration. Only trust allows 
you to maximize the outcome for everyone. Trust is the 
result of good faith, transparency and integrity, and that’s 
precisely where blockchain and DLT come into play.”

Wolfgang Lehmacher of the World Economic Forum, page  56



The advent of autonomous freight delivery 
vehicles is emerging as a huge topic in 
transport logisti cs worldwide. The idea of 
more precision and automati on in freight 
movement is att racti ve to the industry, and 
in some regards, will reshape the structure 
of some logisti cs systems.  

In the United States, there are two key 
developments that are accelerati ng the 
need for this innovati on, especially as they 
relate to road transport:
1. The increasing driver shortage in an 

improving economy: There is an aging 
truck driver populati on at a ti me when 
economic opportuniti es are bett er 
in other industry sectors that don’t 
have the challenging away from home 
burden requirement for overnight 
travel.

2. US federal regulati ons: These restrict 
driving hours for safety reasons because 
of the expanded requirements for 
Electronic Logging Devices (ELDs) that 
accurately record driver working hours 
to comply with US safety standards

Both of the above developments are 
shrinking driver supply at a ti me when 

freight volume demand is at an all-ti me 
high and this is causing stress to the 
overall road-bound logisti cs system. These 
factors have had the eff ect to increase 
the overall cost of trucking, and this trend 
is likely to conti nue unti l such ti me that 
technological advances in road transport 
are commonplace (and their development 
costs can be easily amorti zed).

THE CHOICE WE MUST MAKE  
Beyond expectati ons for dramati cally 
enhanced operati onal effi  ciencies, 
advocates of autonomous freight delivery 
vehicles recognize that there are also costs 
in not developing safer travel alternati ves. 
This is especially true with regard to the 
insurance and legal liability costs associated 
with road injuries and fataliti es. 37,000 
people died in driving fataliti es in 2017 in 
the US alone. With this in mind, there are 
increasing calls for further separati on of 
car from truck traffi  c to an extent that is as 
much as humanly possible. 

Some trucking industry advocates claim 
that if all of the cars on the road are 
separated from trucks for safer driving 

purposes, then safer truck transportati on 
would be the inevitable result. Having said 
that, it is very diffi  cult – if not impossible 
in many places – to create completely 
redundant road infrastructure to separate 
the two classes of vehicles; eventually the 
twain will meet. 

While there will be new and specifi c 
instances of truck-only thoroughfares, 
what seems more likely is the parallel 
development of autonomous trucks and 
autonomous cars, so that both can share 
the roads more safely than at present. With 
that said, we are seeing more truck-specifi c 
road infrastructure planning at and around 
key load-centre seaports where there are 
extremely high-levels of truck congesti on.  

POLITICAL ISSUES
In the meanti me, individual politi cal 
jurisdicti ons within the US are working 
out how autonomous trucking could be 
introduced in a practi cal way, and this is 
proving to not be an easy task in a federal 
politi cal system. For example, in a number 
of states and coaliti ons of states, there 
are trials that are testi ng truck platooning 

AUTONOMOUS VEHICLES 
IN INTERMODAL TRANSPORTATION
Brendan Dugan, Ports and Terminals Practice Leader, 
GLDPartners, Arizona, USA
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with perhaps one driver for three or more 
trailers. But how do states coordinate with 
a larger national system to in order to get 
these concepts implemented  The Federal 

overnment will want a uniform solution 
that would apply to all 50 states (which will 
be welcomed by industry). 

A federal solution is in the works, 
as this will be the only logical and 
efficient way to implement autonomous 
trucking throughout a large, complex 
country. According to statements by US 
Transportation Secretary Elaine Chao in 
anuary, 2018, at the North American 

International Auto Show in Detroit, a new 
tech-neutral and flexible approach to 
Obama-era regulations will aim to remove 
unnecessary obstacles  with regard to 

the development of self-driving cars and 
commercial vehicles.  

In 2018, according to a Secretary Chao, 
the Trump administration plans to revise 
and present guidelines for self-driving 
vehicles for the summer. The government 
is hoping to rewrite regulations that have 
been accused of posing legal barriers 
to the autonomous vehicle industry. 
According to Chao, the guidelines would 
apply to barriers to the safe integration 
of autonomous technology for motor 
carriers, transit, trucks, infrastructure and 
other modes.  

OPENING MINDS TO NEW DESIGNS 
How different are truck designs for next-
generation autonomous vehicles  The 
future reality could be a completely 
redesigned concept of what a truck looks 
like. A futuristic truck could, for example, 
have a 70-foot long trailer and come with 
a driver monitor sitting in a chair remotely 
as one would in a simulator booth, or 
the vehicle might function as a fully 
autonomous vehicle.  

Because of the intermodal nature 
of freight transport, whatever design 
solutions evolve with trucks, trailers will by 

necessity affect freight rail and ocean 
vessel design, as the containers  carrying 
the freight will often need to be transferred 
between truck, trains, and marine vessels. 

Beyond the payload itself, individual 
railroads and vessel operators are also 
experimenting with autonomously driven 
trains and ships (N  shipping line, Rolls 
Royce and Wartsilla being specific examples 
of major companies experimenting with 
autonomous vessels). Autonomous air 
transport is now a reality with the advent 
of drones, and drone technology is now 
being used to train commercial pilots. 
However, as with trucks, the question is 
whether ships, trains, or planes would be 
completely autonomous with a driver
monitor  sitting in some remote location, 
or if there would be someone on board 
to intervene as needed in the event of an 
autonomous-mode failure.

A LOOK TO THE FUTURE
The proliferation of autonomous vehicle 
concepts requires the necessary ability to 
test any concepts in real life  conditions. 
Silicon Valley has now clearly become the 
global centre for vehicle autonomy and 
advanced propulsion system development. 
A large-scale global project has been 
developed there to support the testing, 
development and product production 
for next-generation autonomous product 
development.  

The California AutoTech Testing and 
Development Center is a global hotbed 
for passenger and freight movement 
technologies, with OEM’s and leading 
technology suppliers present onsite in a 
highly dynamic environment. Interestingly, 
the Port of Los Angeles is a partner in this 
project, and their interest is driven by the 
port’s leadership role with inland transport 
modes, as well as with on-port cargo 
movement technology. 

As it was in the case of the advent of 
containerization, the development and 

introduction of autonomous vehicles 
in freight transport could be the next 
innovation that revolutionizes the global 
logistics industry beyond recognition.  
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As the transportation and logistics 
industry continues to undergo a revolution 
in technology, different segments of 
the supply chain must adapt to meet 
the needs of their fellow stakeholders. 
Modern logistics technology centres 
around digitization and connectivity, and 
this grants us the ability to collect and 
share information across the supply chain. 
This model is particularly valuable for data 
driven industries such as retail, especially 
as it transitions towards eCommerce. 

Unfortunately, the legacy technology 
and manual processes that have 
powered port operations for so long are 
incapable of transferring data in real-
time, or normalizing disparate datasets 
so they can be put to use across multiple 
systems. In order to correct these issues, 
application programming interface (API) 
technology is being put into place to 
manage connections between shippers, 
carriers, third-party logistics companies, 
transportation management systems, and 
virtually any other technological format 
that can conceivably touch a boat, train, 
truck, shipment, container, or warehouse.

API TECHNOLOGY IN LOGISTICS 
For decades, the transfer of information 
across a supply chain has been handled by 
a legacy technology called electronic data 
interchange (EDI). EDI was first created in 
the 1940s, and then refined in the 1970s
it’s old technology, and it is incapable of 
transferring data with the speed and 
efficiency needed in today’s market. That’s 
why it is being replaced with APIs, which 
facilitate the transfer of data in real-time, 
promote information symmetry, and allow 
for multiple integrations from a single 
point. 

APIs are also more secure as 
they’re built on the latest cloud-based 
frameworks, allowing for the most up to 
date security features like data encryption, 
private subnets and VPNs. APIs are the 
technological focal point of connectivity 
and digitization in the freight industry. 

RETAILERS DRIVE DIGITIZATION 
It’s no secret that the retail industry 
is leading the change in our logistics 
networks and ports. A record number 
of store closings in 2017, but an overall 

growth in retail sales, signals that the 
industry is shifting. The cause of this shift 
is simple – increasing customer demands. 

Commonly referred to as the Amazon 
Effect , consumers have new expectations 
on product availability. Thanks to their 
experiences with online shopping, they’re 
used to being able to get exactly what 
they want, exactly when they want it. Free 
and fast guaranteed shipping means that 
customers don’t have to wait very long, 
or break the bank, in order to get the 
products they want while shopping online. 

Online shopping has more variety, 
more convenience, and better prices. It’s 
also more data-driven, so eCommerce 
companies are able to constantly improve 
the experience based on solid information. 
This improved experience has carried 
over to in-store shopping, meaning retail 
locations need to adjust their strategies, 
avoid stock-outs, and drive more supply 
chain efficiency to create a customer 
experience that lives up to eCommerce. 

Modern connectivity is hereby proving 
its worth. Many of the largest stakeholders 
across the industry are adopting API 

E-COMMERCE DEMANDS
A NEW ERA OF PORT TECHNOLOGY
Tommy Barnes, President, project44, Chicago, USA 
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technology to replace their older 
connections like EDI, FTP, rate bureaus, 
and other legacy solutions, as well as 
automating manual processes. What this 
has uncovered, however, is the realization 
that the effectiveness of connective 
technology relies heavily on collaboration 
among stakeholders. 

If one company refuses to update 
their technology, but wishes to connect 
to the same systems as their peers, their 
inferior data can compromise the overall 
experience for everyone. If everyone 
collaborates, however, the result is more 
efficiency and cost savings across the 
board.

A RIPPLE FELT ACROSS THE SUPPLY 
CHAIN
At over $22 trillion per year globally, 
changes in the way retailers operate their 
businesses can be felt across a wide range 
of industries, and of those industries, 
perhaps the most connected to retail are 
those directly related to supply chains. 
eCommerce demand is expected to grow 
to 17  of total retail by 2022, which 
may not seem like a large number on the 
surface, but it translates to hundreds of 
millions of small shipments being sent 
to unique locations each year. That’s an 
incredible level of additional complexity 
being added to the supply chain. 

The third-party logistics market has 
been looking to digitization in order to 
drive additional value for their customers 
while maintaining competitive margins 
and increasing operational efficiency. In 
order to do that, they need more supply 
chain stakeholders to collaborate with the 
use of modern technology. 

One of the largest 3PLs in the US Midwest 
is setting technological requirements for 
its carriers so that they can meet tighter 
demands from shippers. This involves 
utilizing APIs and a technology-forward 
transport management system, as well as 
getting more segments of the supply chain 
to participate in their digitization strategy. 
According to this 3PL, ports are a huge 
piece of the puzzle, but they aren’t all as 
far along as they need to be in terms of 
digitization. 

In order to keep up with growing 
demand, these companies are turning to 
automation and digitization technology. 
Replacing old connections that used to 
handle the transfer of shipment data
but bottleneck automation because of 
their slow response time and inability to 
normalize data formats with modern 
API technology capable of transferring 
information in real-time. 

Major TMS providers, thousands 
of carriers, and other supply chain 
stakeholders, are already integrated with 

API technology, and more and more are 
making the transition each day. APIs are 
the present and the future, but not every 
segment in the industry is there quite yet. 
Case in point: maritime shipping. 

MODERNIZING PORT TECHNOLOGY
As one of the less technologically 
advanced modes in transportation, 
maritime shipping is feeling the pressure 
from supply chain partners to modernize. 
It is admittedly simpler for Less-Than-
Truckload, Volume Less-Than-Truckload 
(and even Full Truckload and Rail) carriers 
to adopt API technology than it is for ports 
as they typically manage much less volume 
per transaction, and the TMSs, WMSs, and 
other shipping technologies they utilize 
were among the first industry technologies 
to embrace APIs. 

Still, it’s a change that absolutely needs 
to be made in order to provide the data 
necessary for automation, so that retailers 
can deliver their customers the best-in-
class service needed to compete, and so 
the day-to-day operations at ports can 
become more efficient. 

Over the last few years, different ports 
around the world have been putting forth 
an initiative to digitize the way shipments 
are tracked upon arrival. The Port of 
Los Angeles manages shipments from 
roughly 2,000 ships per year, each with 
between 5,000-10,000 containers on 
board. Roughly half of these shipments 
are transferred to trains after they arrive 
at the port, and some go straight to truck. 
The Port of Los Angeles alone has 3,000-
4,000 trucks arrive for shipments each 
day. While the Port of LA is the busiest US 
port, it’s nineteenth globally. Ports around 
the world keeping track of this massive 
amount of volume using manual processes 
simply will not cut it anymore. 

CONCLUSION
Digitization is completely vital. 
Implementing technology to keep track 
of all a port’s shipments enabling them 
to leverage the power of data to keep 
stakeholders informed of shipment status, 
and improve overall port operations
is the next phase in a recent wave of 
technological innovation for the logistics 
industry. Initial pilots are already underway 
at some ports, bringing the industry one 
step closer to total digitization. 

A vital aspect in the next phase of 
this plan is going to be connecting these 
solutions to stakeholders in domestic 
shipping, since they’re already a few steps 
ahead with digitizing their supply chains. 
Major carriers, TMS providers, and 3PLs 
are already using the technologies that 
ports will need to integrate with in order to 
start feeding their new data to the people 

who need it. Essentially, freight, chassis, 
and rail stakeholders are the furthest 
along in the industry as far as digitization 
is concerned connecting an automated 
port system to them in order to automate 
outbound freight would only require some 
simple API integrations. Once that occurs, 
stakeholders across the supply chain will 
have increased visibility from the moment 
a shipment enters the port’s system, all 
the way to its final destination. 

Collaboration among stakeholders is a 
crucial component. Ensuring that everyone 
receives the same data requires that 
everyone uses high quality integrations, 
and keeps a reasonably high standard for 
their data. Once it goes into wide practice, 
the level of automation that is possible will 
allow even small retailers to provide their 
customers with the same experience as 
eCommerce giants.
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The world has become a system of 
interconnected systems brought on by 
the Fourth Industrial Revolution (4IR). 
Extensive connectivity should, in principle, 
improve and reinforce collaboration. 
Advantages and benefits of business 
collaboration, whether vertically, 
horizontally or in geographic areas, have 
been demonstrated. Vertical collaboration, 
i.e. the alignment along the chain of 
suppliers, manufacturers, sales channels, 
customers and consumers is simply a 
necessity. eographic collaboration, e.g. 
in cities and corridors, is promising but in 
its digital infancy. Horizontal collaboration 
is an exception with high potential. In the 
port industry collaboration can reduce 
congestion, improve safety and security, 
and make the flow of goods more even 
and fluid. 

Our new interconnected environment 
needs one ingredient as old as time: 
Trust. Blockchain, the most well-known of 
enablers of distributed ledger technology 
(DLT) is seen as the agent of trust in the 
digital world. 

MERITS OF COLLABORATION
Working together is the very nature of 
business – whether within organizations 
or between partners along the supply
value chain. Also, competitors collaborate, 
as liner alliances exemplify. While vertical 
collaboration is well advanced, horizontal 
collaboration remains largely untapped. 
Collaboration, in particular the sharing of 
transport capacity, can bring opportunities 
and significantly reduce costs and carbon 
emissions. While we require a reduction 
of 40-70  to keep the increase in average 
global temperature below 2 C, total annual 
transportation emissions are expected to 
increase by 70  by 2050, when compared 
to 2010.

Collaboration in the context of smart 
city concepts and along corridors can yield 
significant economic benefits and improve 
quality of life. Cyber resilience also benefits 
from collaboration. Exchanging information 
about risk and mitigation measures is an 
important part of cyber-strategies, and the 
better the knowledge and use of digital 
tools the better our protection.

In ports, collaboration helps to ease 
congestion. By addressing uneven cargo 
flows as a collective supply chain issue – 
caused by weekly manufacturing cycles, 
the rush in cargo volumes before rate 
increases, wrongly declared weights, and 
so forth – collaboration and information 
sharing platforms can become a significant 
part of the solution.

HOW BLOCKCHAIN CAN HELP
ame theory demonstrates that it is trust 

which sits at the centre of successful 
collaboration. Only trust allows you to 
maximize the outcome for everyone. Trust 
is the result of good faith, transparency 
and integrity, and that’s precisely where 
blockchain and DLT come into play. 

As DLT enables the transparency of 
the transfer of assets and immutability of 
records within the chain, the distributed 
ledger can bring a new quality of trust to 
the cyber-physical world. Transparency 
ensures the enforceability of rights. et 
‘work in progress’ is often the digital 
identity of goods. It can, however, 

BLOCKCHAIN
POWERING PORT COLLABORATION
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be ensured when goods own unique 
characteristics, such as laser-graved 
serial numbers or specific chemical 
compositions.

Blockchain is one type of DLT. In this 
paper, the terms blockchain and DLT are 
used interchangeably. They stand for the 
concept of immutable distributed ledgers. 
Blockchain can be private and public. The 
focus here is on the public blockchain DLT.

DLT-POWERED VERTICAL COLLABORATION
Vertical collaboration is a necessity in 
business. Dell was the first to promote 
the deep integration of all parties along 
the supply chain. Since then, vertical 
collaboration has been further developed 
thanks to information and communication 
technology (ICT). The 4IR technologies at 
large, including blockchain DLT, will help 
to bring collaboration to the next level. 
Information such as the provenance of 
goods, classification data, tariff codes, 
import export data and certificates, 
manifests and loading lists, customs 

values, status information, and all other 
information about goods within the supply 
chain ecosystem, will be available for all 
parties involved at any time and place 
(through computers or mobile devices). 

Blockchain can be used to execute 
smart contracts. Once data intakes prove 
that the conditions which are captured 
in the database contract have been met, 
payment can be authorized. DLT promises 
groundbreaking advances in trade and 
supply chain finance, resulting in reduced 
costs, to the benefit of small-ticket 
transactions and SMEs. Crowdfunding 
platforms have emerged. Tradeshift, a 
procure-to-pay supply chain management 
platform, announced an innovation lab and 
incubator that will focus on transforming 
supply chains through emerging 
technologies, such as distributed ledgers, 
artificial intelligence (AI) and the Internet 
of Things (IoT).

While startups are on the rise, traditional 
incumbents are not inactive. Maersk Line 
and IBM have announced their blockchain-

powered trade platform. Hyunday 
Merchant Marine has completed its first 
blockchain voyage. Marine Transport 
International (MTI), in conjunction with 
Agility Services, has conducted a pilot of 
blockchain technology which saw a new 
‘Container Streams’ system based on the 
sharing of data on suppliers, shippers, load 
points, customs and terminals on a shared 
blockchain ledger. PSA International, 
Pacific International Lines, and the Port of 
Antwerp have also carried out blockchain 
tests. So, it is clear that DLT-based vertical 
collaboration tests are in full swing.

GAINS OF GEOGRAPHIC COLLABORATION
Ports are an integral part of their host 
cities. Central to the smart city concept 
is the existence of platforms which 
connect all intelligent things. The aim is to 
provide benefits for the collective and the 
individual parties operating in the city, as 
well as the city dwellers. Citizens expect 
a high level of service, flexibility and 
transparency, which requires data flows, 
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integration, and sharing with confidence 
across the private and public sectors.

Emerging corridors such as China’s 
Belt and Road Initiative (BRI) require 
4IR technology to ensure a new quality 
of growth. Upgraded technology along 
the BRI could, for example, level the 
playing field. SMEs could create market 
intelligence reports based on real-time 
market data enabled by the IoT and cloud 
services. This would help them understand 
product supply-and-demand dynamics 
and quickly adjust production plans, track 
pricing, predict future price trends, as 
well as identify and react to new market 
demands that are not fully satisfied. DLT 
could help these smaller and medium-
sized companies reduce counterparty 
risk and minimize fraud. In all, the market 
access gains made by SMEs are expected 
to boost DP in BRI countries by 4 -7 . 

HORIZONTAL COLLABORATION
BCO s can significantly reduce shipping 
costs and emissions by collaborative 
shipping, i.e. by pooling their transport 
needs either on the same lane (bundling 
volumes) or in opposite directions. When 
Ocean Spray shifted 80  of its shipping 
on the New ersey-Florida route off trucks 
and into Tropicana’s rail cars, the company 
reduced carbon emissions by 20  and 
transport costs by 40 . In the US, 15  
of trucks run empty while the remaining 
85  run at an average capacity utilization 
of 64 . lobal shipping is a US$60 billion 
business with enormous potential to 
move goods cheaper and with less carbon 
emissions within and between countries 
and continents.

Leveraging the potential requires that 
companies overcome inertia, corporate 
beliefs and risk aversion, and move 
towards actively exploring collaboration 
opportunities. While leaders will continue 
to push digital integration and startups 
offer match-making and collaboration 
platforms, industry digitization will help 
to find the right collaboration partners. 
Leadership has to face the fear of giving 
away valuable information to competition, 
as well as stress the factors companies 
really compete on. Which is usually 
product and service design, performance, 
access, price and after sales and customer 
service.

A SUPER ROBOT IN THE MAKING
As several examples show, progress is not 
only driven by blockchain. 4IR technologies 
rarely come alone. Blockchain reinforces 
the links created by IoT and DLT sits at the 
heart of the platform economy, allowing 
data to flow securely. The platform is 
the link and structure that connects all 
intelligent things. It is the medium which 

allows IoT to exchange and transact. AI 
improves the quality of DLT data intake 
and gives the global ‘super robot in the 
making’ its brain. AI decodes text and 
voice, checks inputs and authenticity, and 
computes small and big data. For example, 
IBM Watson helps third parties to optimize 
their supply chains. Platforms are not 
just digital anymore. They offer shipping, 
warehouse space and digital storage 
capacity – as demonstrated by Ebay and 
Amazon.

In ports, digital platforms connect 
people, goods and equipment. All port-
related information can be handled on 
a platform too. Blockchain allows for 
distributed and real-time multi-party 
tracking, digitized bill of landings and 
letters of credit, machine-to-machine 
(M2M) interactions, and helps to 
establish a new level of visibility of assets, 
movements and liabilities.

Blockchain-powered trade platforms, 
smart contracts, digital wallets and secure 
digital asset and information transfer, ease 
maritime operations, as well as unlock new 
opportunities for all parties and reduce 
risk. Significant amounts of paper and 
time can be cut out of administrative and 
handling processes within the port and in 
the interplay with the world beyond the 
gate. Without the concept of blockchain it 
would be hard to imagine an autonomous 
supply chain, economy or port. 

A PINCH OF SALT
Blockchain is not beyond criticism, 
however. Some claim that after years 
of relentless efforts and billions of 
dollars invested, the technology has not 
yet reached scale. That its ‘success’ is 
largely limited to bitcoin and currency 
speculations. Further, the high number of 
blockchain startups can be seen as sign of 
its immaturity. 

But business lacks trust and 
inclusiveness. Blockchain is able to fix this. 
It is a concept which allows peer-to-peer 
transactions – a surefire route to a more 
inclusive world. DLT is an idea which is 
here to stay, independent of its final form, 
as the burgeoning cyber-physical world 
requires reliable tools of trust.

Blockchain DLT is a disruptive 4IR 
technology attracting many entrepreneurs 
and significant funding. It will disrupt all 
industries. It is just a question of time. 
Other industries have shown how new 
entrants and technologies can dramatically 
change the game, so the private and public 
sectors need to prepare for change and its 
consequences.

CONCLUSIONS
With its dynamics and speed, 4IR leaves no 
room for inaction. But what measures are 

appropriate to stay in the game without 
doing too much harm to culture, people 
and finances  What should businesses 
and governments do to set themselves up 
for long-term success  There are myriad 
directions leaders can opt for. However, 
before they do, they need to upgrade their 
legacy IT systems and define a DLT and 4IR 
technology roadmap, explore strategic 
partnerships, and design an operating 
model that allows swift adaptations.

Blockchain is a key enabler of trust and 
inclusiveness. Two qualities desperately 
required in today’s fractured and volatile 
world. BCOs, government agencies, 
carriers, and all the other service providers 
and players operating in ports, will have an 
increasingly hard time ignoring the risks 
and new possibilities brought by the 4IR. 
Most of us are not only interconnected, 
but increasingly interdependent. Digitally 
enabled collaboration might be forced on 
us as the new paradigm of doing business. 
Blockchain is key to this new reality.

ABOUT THE AUTHOR

Wolfgang Lehmacher is an author, global 
executive, advisor, entrepreneur, and expert 
in the field of supply chains, transport and 
logistics. Lehmacher has been involved 
in various major change initiatives in the 
supply chain. He has been President and 
CEO of eoPost Intercontinental and a 
Member of the Executive Board, as well 
as Director: Supply Chain and Transport 
Industries at the World Economic Forum.

ABOUT THE ORGANIZATION

The World Economic Forum (WEF) engages 
with political and business leaders within 
the world society to shape global, regional 
and industry agendas. It was established in 
1971 as a not-for-profit foundation and is 
headquartered in eneva, Switzerland. It is 
independent, impartial and not tied to any 
special interests. The Forum strives in all its 
efforts to demonstrate entrepreneurship in 
the global public interest while upholding 
the highest standards of governance. 
Moral and intellectual integrity is at the 
heart of everything it does.

ENQUIRIES

World Economic Forum Switzerland
91-93 route de la Capite,
CH-1223 Cologny eneva 
Switzerland
Tel: +41 22 869 1212
Fax: +41 22 786 2744
Email: contact Web: weforum.org
Web: www.weforum.org

WWW.PORTTECHNOLOGY.ORG58   EDITION 77: SPRING 2018 

GLOBAL ISSUES GLOBAL ISSUES 



CONTAINER HANDLING

In partnership with:

Headquartered in Roanoke, Virginia, TMEIC supplies crane, 
controls and automation systems to some of the world’s 
most advanced automated container terminals. TMEIC 
delivers world-class technology with real-world functionality.



When the container transportation system 
was developed in the last century, it was 
built on linear ship berthing and a crane 
loading and unloading the ship on one 
side only. The crane was equipped with a 
boom that could reach across the entire 
width of the ship. Container pick-up, 
transfer and drop-down was done by a 
trolley that travelled along the boom and 
a fixed bridge girder, usually equipped 
with a backreach. Space was needed on 
the ground for vehicles to receive and 
transport containers to the container 
stacking yard, and vice versa.

The crane could travel along the quay 
on rails to position itself as needed with 
each line of containers on the ship deck 
or below, and or to move from one 
ship to another. While travelling, if the 
crane encountered obstacles in the ship 
superstructure, the boom could be raised 
to a semi-vertical position.

The trolley itself could be equipped 

with an onboard hoisting and travelling 
mechanism (machinery trolley). 
Alternatively, the hoisting mechanism 
could be located in a stationary machinery 
house on the bridge girder and the 
travelling mechanism onboard (semi-rope 
trolley), or both the hoisting and travelling 
mechanism could be located in a stationary 
machinery house (rope-driven trolley).

Evidently, each of these systems has 
advantages and drawbacks. The first 
system is autonomous, but the heavy 
trolley is a drawback for the crane structure 
and for the travelling mechanism itself, 
particularly when vessel size increases, 
leading to a need for faster trolley travel. 
An advantage was found in the relative 
simplicity of the design – with short hoist 
ropes and fast trolley positioning aiding 
load control. 

The second system, a compromise, 
makes it possible to have a light trolley, 
giving good control over trolley traversing. 

But it has acceleration limitations caused 
by wheel rail friction. The third system 
became the most common, since it 
enabled faster trolley acceleration and 
speed. This system has a light and fast 
trolley with a minimum of inertia forces 
during travel. Its drawback is a long and 
complex rope system requiring regular 
maintenance, with rope elasticity affecting 
load control.

This model remained in place for decades 
until the economies of scale in container 
transport began to drive up the size of 
containerships. Inevitably, ship-to-shore 
(STS) crane development had to follow and 
so began the evolution of Panamax, post-
Panamax, super-post-Panamax and finally 
ultra-large container vessel Malaccamax 
STS cranes. The cranes grew higher, with 
longer outreach, faster trolley travel and 
greater load capacity. First came single lift, 
then twin lift, then dual tandem (quadric) 
lift, while one trolley became two trolleys, 

NEXT-GEN STS 
CRANES
A MODEL FOR THE FUTURE 
Vladimir Nevsimal-Weidenhoffer, Consultant, and; 
Dr Hannu Oja, Director Port Technology, Konecranes 
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making the cranes ever heavier and more 
expensive.

A direct consequence of the growth 
in crane size and weight is the increase 
in the cost of crane runway foundations, 
particularly at the quayside. The cantilever 
effect of boom extension also calls for 
a heavier counterweight to keep the 
crane stable. Therefore, corner loads 
and support requirements on the crane 
foundation have multiplied during the last 
decade.

It is quite clear that we are reaching the 
end of our ability to evolve and improve 
STS crane performance by scaling up. 

FROM EVOLUTION TO REVOLUTION
The end of STS crane evolution is confirmed 
when we look at the obstacles inherent 
in containership design. Economies of 
scale require more and more containers 
to be placed onboard. To date, naval 
architects have lengthened the vessel up 
to 400 metres (m) while restricting the 
increase in the width of the beam. They 
point out that going beyond this length 
in the standard design of a container ship 

is not advisable because it would lead to 
insufficient torsional stiffness, leaving 
aside the question of maneuverability. 

Taking another path by increasing 
the width of the beam runs directly into 
another limitation of ship-to-shore crane 
design. It is simply against the laws of 
physics to extend the crane boom forever. 
Moreover, the speeds of rope-driven 
trolleys today (250m min and more) are 
such that their travel mechanisms could 
more aptly be called rope destruction  
mechanisms.

As the number of containers carried by 
container ships increases, the size of the 
average port call is increasing up to 10,000 
TEU per call and more. The pressure to 
unload  load these huge vessels as quickly 
as possible is greater than ever – but there 
is a limit to how many adjacent cranes 
can service the vessel. uay productivity 
has not increased significantly despite all 
attempts to develop faster trolleys that 
can carry more than one container per 
move.

In the big picture, the ever-growing 
quantity of containers to be transported 

requires that container terminals grow in 
size, with longer quays to receive ships, 
taking more of the available coastline. 
This poses a significant environmental 
problem that, accompanied by other 
nuisance factors such as increased air 
and noise pollution and traffic jams, 
inevitably has to be dealt with in parallel. 

THE MULTI-TROLLEY STS CRANE CONCEPT
Theoretical STS productivity can be 
calculated according to the basic 
parameters of distance, speed and 
acceleration. Today’s STS specifications 
call for 90 180m min hoist speeds, 
acceleration of 2 4 seconds, and trolley 
speed of 250m min accelerated in 5 
seconds. Over the vessel through one 
bay (on deck: 23x1+25x10+ and in cells: 
21x10+19x1 502 moves), we can calculate 
the productivity of a current STS for an 
ULCV with a cycle time of approximately 
120 seconds, giving a net production of 
30 moves per hour, or 4,320 moves in 24 
hours per berth with 6 cranes (or 5,760 
with 8 cranes).

With the current STS concept, the 
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Figure 1. New quayside berth and STS crane concept

EDITION 77: SPRING 2018    61 

CONTAINER HANDLING CONTAINER HANDLING 



largest productivity constraint is operation 
on only one side of the ship, with all of the 
consequences described earlier. 

The new, multi-trolley STS crane concept 
that we propose can work on both sides of 
the ship. It was initiated by the desire to 
create an ideal quayside crane match for 
the new ultra-large container vessels. The 
design goals are:
•  To significantly increase berth moves 

in comparison with the best STS 
technology available today

•  To substantially reduce the number 
of cranes servicing the ship without 
detriment to productivity (operational 
flexibility, maximum utilization rate 
of equipment, reduced cost of 
initial investment, reduced energy 
consumption and reduced maintenance 
cost)

•  To improve crane stability and 
substantially reduce quay loads and 
foundation requirements (especially 
on the waterside), bringing a significant 
cost reduction to the crane runway

The new crane concept eliminates 
the current unloading loading process 
bottleneck with a double beam portal 
crane design (Figure 1) that is capable of 
servicing the ship from both sides and 
that, for the first time ever, can work 
simultaneously on two bays of containers. 
The concept enables installation of two 
trolleys per beam, which not only greatly 
increases productivity but also shortens 
trolley travel, thus reducing the current 
need for high trolley speed. 

 The concept calls for a ship berth in the 
shape of an indented berth. This enables 
the crane to be supported symmetrically 
along the longitudinal centerline of the 
ship, thus reducing the load on the crane 
foundations. 

In comparison with a traditional STS 
crane, the new crane has similar hoist 
speeds and a reduced trolley speed of 
125m min accelerating in 4 seconds, 
resulting in approximately 135 seconds per 
move – for one trolley. This is multiplied 
by four trolleys on the crane, giving a 
production of 106 moves per hour.

The crane concept with two parallel 
beams is able to match vessel bay spacing, 
overcoming the constraint of crane width. 
The output of three cranes will be 7,600+ 
moves per berth in 24 hours, this without 
considering the impact of multiple lifts 
already utilized with current STS cranes. 

The new crane concept provides many 
advantages over traditional STS design:
•  Reduced trolley travel speed without 

a loss of output (reduced energy 
consumption, less maintenance 
downtime and cost, less noise)

•  No restrictions on combined trolley 
loads, exceptional performance in 

heavy-lift situations
•  There are no trolley rail joints (less 

maintenance, less noise) so the steel 
structure suffers less fatigue (longer 
crane life, less downtime, reduced 
maintenance cost)

•  There are dampening measures, giving 
a longer lifetime to the crane and crane 
runway 

•  Better aerodynamic performance 
thanks to the shape and shielding of 
the parallel beams and the absence of 
stays suspending the boom and upper 
structure (reduced foundation cost, 
reduced corrosion)

•  Use of new materials to reduce crane 
mass and corrosion

•  Use of remote operation and 
automation technology, good load 
control and positioning

CONCLUSION
The new crane concept is not meant 
to replace current STS cranes, but to 
complement them in a symbiosis of scale. 
Attempting to further evolve current 
ship-to-shore crane design is unlikely 
to solve the handling problems that the 

industry faces (this is also the assessment 
of Drewry, Ref. 1). A completely new 
integrated approach is needed that covers 
the crane, the terminal, and ideally even 
the ship. Together with our partners we 
are making progress in all three areas. 

The new concept also provides a 
platform for further STS evolution. This 
point can be illustrated by the crane 
design. A variant of the present concept 
was created by slightly increasing the 
distance between the two beams, and 
creating space for a third beam running in 
the mid–plane of both legs. Such a crane 
would operate over 3 adjacent bays.

Introducing such a third beam would 
give an increase in output of 50  on top of 
the output of the two-beam crane concept. 
In practical terms, this means that just two 
cranes, instead of the presently envisaged 
three, could service a ship with identical 
output.

This could significantly decrease the 
initial purchase price, without mentioning 
other cost reductions that could be 
enjoyed thanks to the triple-beam crane 
concept. 
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We inhabit the ‘mega-age’. With its mega-
ships and consolidated shipping lines, this 
era has shifted the focus from building 
new terminals to re-equipping existing 
terminals in order to improve efficiency 
and productivity. To avoid becoming a 
bottleneck, the yard needs to be equipped 
with the right solutions so that it can 
deliver the required increases in capacity 
and productivity while providing a cost 
efficient service for both waterside and 
landside operations. This is the yard 
challenge of the mega-age.

The consequences of mega-ships 
and bigger, but fewer calls on the quay 
operations has been widely discussed in 
the industry, yet less attention has been 
paid to the impact on yard operations, 
which for many terminals is an even 
bigger challenge. No matter the size of 
the terminal, many terminals experience 
the challenge of the terminal becoming 
too small. The cascading effect of ships 
will bring 13-16  TEU vessels into several 
new trades as more mega-ships than ever 
before will be delivered during 2018. 

Due to the mega-age, a typical terminal 
today is an existing terminal that is 
exploring how to automate the yard in 
order to accommodate and handle more 
containers, while keeping the terminal 
fully operational during project execution.

AUTOMATIC CANTILEVER STACKING 
CRANES 
Based on the experience we’ve gained 
from several terminals around the world, 
automated cantilever stacking cranes have 
proven to be a very efficient solution for 
reaching the required yard capacity and 
productivity targets. The cantilever stacking 
cranes are able to handle wider blocks, 
which means up to 20  more storage 
capacity within a given space stacking height 
compared to yards with RT  operation.

Higher motion speeds, fast automatic 
positioning landing and better scheduling 
capabilities make automatic and 
unmanned cantilever stacking cranes 
more productive than RT s. Automatic 
cantilever stacking cranes allow flexible 
deployment of the capacity. This increases 

peak production capacity since all cranes 
can efficiently be used for landside and 
waterside operation as needed. The blocks 
typically have two cranes, but in the case 
of longer blocks, even more cranes can 
be deployed. The cranes can also move 
to the adjacent block on the same rail-
track to make capacity available where it 
is needed.

Every terminal is different, and when 
it comes to where to place the blocks 
equipped with automatic cantilever cranes 
in an existing operation, there are several 
options. In some cases, space is the factor 
that drives the decision. If the freedom 
of choice is bigger, the rule of thumb is 
that due to their high performance the 
cantilever stacking cranes should be placed 
at the areas with high container flow. 
Thus, if the bottleneck of the terminal is 
at the delivery of containers to the quay, 
the cantilever stacking crane blocks should 
be placed close to the quay. If the issue 
is congestion and long waiting times for 
road trucks, these blocks should be placed 
closer to the terminal gate. 

THE MEGA-AGE 
RESOLVING THE YARD CHALLENGE
Björn Henriksson, Global Technology Manager, 
ABB Ports, Sweden 

EDITION 77: SPRING 2018    63 

CONTAINER HANDLING CONTAINER HANDLING 



THE PROCESS
From the process point of view, operations 
based on cantilever stacking cranes are 
very similar to RT s: 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. The crane does not gantry long 
distances since the vehicles will be sent to 
the right position when they check-in at 
the gate and or get the work order from 
the TOS. 

When a vehicle approaches a block, 
the TOS dispatches the work order to 
the crane based on information about 
the vehicle location monitored, e.g. with 
RFID or a real-time location system (RTLS). 
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 at 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. In case the vehicle does not 
arrive at the crane within the estimated 
time frame, the crane requests remote 
assistance for manual intervention.

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 RFID 
or MatchMaker (2D bar code reading 
system for automatic verification of the 
container-vehicle match at hand-off).

In the case of automated stacking 
cranes, intelligent automation based on 
distributed intelligence will handle the 
coordination and work split between the 
cranes. The list of work orders from the 

TOS are processed through an application 
included in the crane automation system. 
This application is similar to an equipment 
control system, and enables decisions on 
the sequence of the work orders based on 
defined criteria such as time, priority, or 
energy consumption criteria to be made. 

PROVEN AND SAFE 
Major parts of the cantilever stacking 
crane operation can be automated, and 
in some cases, fully automated. On the 
internal side, the pick-up can be made 
fully automatic, since there is no twistlock 
handling. Set-down of the container is 
typically remote operator assisted below 
the pre-defined safety height. If 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 landing of the 
container, it is also possible to perform 
the set-down of the container fully 
automatically.

When deploying automatic cantilever 
stacking cranes it is significantly easier 
to implement safety, according to the 
valid safety standards without interfering 
in the process. As illustrated in Figure 1, 
the vehicles are outside of the crane at all 
times, and never need to cross the crane’s 
gantry rail. This ensures safety, and allows 
a high level of automation, reaching high 
productivity. 

IMPACT ON INFRASTRUCTURE
In existing terminals, an important 
question is what the impact of adding 
automatic cantilever stacking cranes on IT 
infrastructure and the TOS will be. 

The good news is that the impact on 
both IT infrastructure and the TOS is very 

limited. There is no need to upgrade
change the TOS due to the introduction of 
automatic cantilever stacking cranes. 

RT s are often equipped with a VMT 
for the driver to select work instructions. 
The TOS submits the work orders within 
a certain range in the yard based on the 
configuration made by the dispatchers 
in the control room. The RT  drivers will 
coordinate and split the work orders 
among themselves. In the case of 
automated stacking cranes, intelligent 
automation based on distributed 
intelligence handles the coordination 
and work split between the cranes as 
explained earlier in this paper. This 
means that the TOS still submits the work 
orders as it did in the case of RT s, and 
the application in the crane automation 
system will take care of the coordination 
between the cranes.  

On the IT infrastructure side, adding 
automatic cantilever stacking cranes 
in RT  operations requires only adding 
switches and servers for running the 
above mentioned application and 
handling the vehicle identification and 
dispatching.

There are sometimes concerns raised 
about ground requirements resulting 
in costly civil works. With the available 
sensor technology container locations can 
be measured relative to the crane which 
allows operation on challenging ground 
conditions without impacting productivity 
or stacking precision. This means that in 
many cases, no piling or limited piling 
is required. Thus the total cost of the 
civil work can be kept reasonable and it 
will not significantly affect the project 
execution time and return on investment 
calculation.

Figure 1: Container handling with automatic cantilever stacking cranes. Fully automatic operation and auto assisted operation. Fences prevent 
people entering the automated stacking area.
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EXAMPLES
The following examples highlight the 
strategies that are worth considering for 
terminals seeking solutions for upgrading 
their yard operations in terms of capacity, 
productivity and safety. 

MIT, PANAMA
Manzanillo International Terminal (MIT) in 
Panama moves cargo on from big ships to 
feeder ships serving the Caribbean region. 
70-80  of their volume is transshipment, 
and the increased capacity of ships passing 
through the canal requires the terminal to 
be prepared for bigger volumes. 

To ensure yard capacity, MIT needed 
to find a solution to increase yard 
capacity and improve efficiency and space 
utilization without having to replace all 
the existing RT  cranes. The focus was 
to improve service to the landside truck 
operations.

In 2015, MIT added six automatic 
cantilever stacking cranes to their existing 
RT  operation, allocating 15  of the yard 
space to the cantilever crane operation. The 
outcome has met all expectations and MIT 
reports that the stacking cranes representing 
only 8  of the total fleet perform 25  of all 
the moves in the entire operation.

The fully automatic cycle of the 
cantilever stacking cranes allows the 
remote operators traffic controllers to 
handle multiple tasks, such as planning in 
TOS, in addition to supervising the cranes. 
This makes their role more versatile.

ASIAN TERMINALS
Asian terminals, where automated cantilever 
stacking cranes have been in operation since 
2002 provide a good example of deploying 
automatic cantilever stacking cranes on a 
larger scale.

When operations have been shifted to 
new port areas, automation, especially 
automatic cantilever stacking cranes, have 
been gradually introduced. For instance in 

orea, in Busan and Incheon, five terminals 
today have over 180 automatic cantilever 
stacking cranes, delivered in 14 batches, in 
operation.

The cantilever stacking cranes have 
delivered high productivity, fast integration 
and short ramp up time to full production. 
For instance Sun wang’s terminal in Incheon 
shifted from their RT  terminal to the new 
terminal equipped with automatic cantilever 
stacking cranes in just one day, and doubled 
the handled container volume in six months 
after opening of the new terminal. 

Now we also see a new pattern. A number 
of brownfield terminals in the Asia region 
have adopted a step by step approach in 
increasing the yard capacity and productivity. 
Projects where as few as four automatic 
cantilever stacking cranes were installed in 
an existing RT  operation have already been 
completed and more are under delivery. 

Today the automated cantilever stacking 
cranes can be said to be a preferred yard 
equipment in high productivity terminals 
with about 700 units in operation under 
delivery worldwide.
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The control room of Manzanillo International Terminal (MIT) in Panama. The remote traffic controllers handle multiple tasks in addition to supervising 
the automatic cantilever stacking cranes.
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What is the best practice approach for 
automating a ports existing container yard 
equipment in a brownfield terminal  There 
are a lot of different solutions available, yet 
in this paper we look into one of the most 
economically viable, safe and efficient 
methods: the step by step approach. 

MAIN DRIVERS 
A core component and the start of the step 
by step process in automating a terminal  is 
the electrification of container terminals 
by converting diesel powered RT s into 
E-RT s which are powered by conductor 
rails or cable reels. Both versions have 
pros and cons and are dependent on 
yard layouts and terminal operations. 
This process allows terminal operators to 
reduce fuel and maintenance costs by up 
to 90 . Also, this results in reduced CO2 
emissions and noise pollution, as well as 
helping a terminal to meet competitive 
emission requirements.

Additional equipment such as lasers 

and sensors for auto-steering and off-track 
protection support the crane operator in 
their daily work in focusing on handling 
containers in the most efficient manner 
as possible. The full automated version 
of an RT  allows an operator to leave the 
driver cabin and operate the machine 
by remote control from an ergonomic 
office environment, resulting in drastically 
improved working conditions.

MAIN CHALLENGES 
As is the norm in terminal development, 
change management is the most difficult 
thing to implement, as inculcating 
something new in an existing organization 
which is already focused on their 
methodology to achieve a goal is never 
easy.

When it comes to brownfield container 
terminals you must face this head on. The 
container yard is already packed and the 
existing container layout can be a challenge 
when the available space for a required 

infrastructure is less. Equipment is only 
effective when it works and therefore not 
available for retrofit or conversion, also the 
existing equipment is often in the middle 
of its lifetime which results in bigger 
tolerances that are not supported IT or 
PLC components. It needs to be reviewed 
and analysed with regard to how any 
upcoming automation can work inline with 
the existing IT environment and terminal 
operating system (TOS).

All these challenges can be handled by 
an experienced company  who can act as 
a general contractor to fulfil the required 
task in a turnkey project with optional first 
level support and  predictive maintenance 
of the whole system.

AUTOMATION GUIDELINES: 4 STEPS
Step by step process automation can be 
the best and safest way for terminals 
to improve their efficiency during daily 
operation. Conventional RT s consume 
approximately 15-20 litres of diesel fuel per 

CONTAINER TERMINAL 
AUTOMATION  
THE STEP BY STEP APPROACH 
Jaroslaw Warzecha, Project Manager, Vahle, Kamen, Germany 
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hour and the diesel generator is working 
24 hours a day during container handling 
and even during idle time.  
1. Therefore, the first recommened 

step is to electrify the existing yard by 
installing an insulated conductor rail 
system within the container blocks. 
The conductor rails are manufactured 
in aluminum stainless steel each rated 
at 1000V , 1000 A and is supported 
on a steel structure positioned along 
each of the container blocks. The RT  
cranes should also be equipped with 

an automatic electricity connection 
system consisting of automated 
telescopic arms to enter and leave the 
conductor rail system automatically, 
and synchronization modules on each 
RT  allows for seamless switching of the 
power supply between diesel-generator 
and grid. Electrification consists of a 
high voltage ring within the terminal 
with substations at the container blocks 
to transform the high voltage into low 
voltage, for example 415V, 50 Hz on 
the stationary side. The substation 

feeds up to four container blocks. 
This results in immediate and substantial 
savings of fuel and maintenance and 
this first step provides considerable 
support to the later financing of further 
automation steps. However, the return 
on investment is dependent on the yard 
layout (quantity of container blocks, 
length of container blocks), quantity of 
yard RT s and the speed of conversion. 

2. The second step brings the absolute 
positioning of the eRT s in the container 
block. In a maritime environment the 
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best solution is that which allows for 
high durability. This can be achieved by 
use of durable stainless steel code rail, 
combined with a contactless reading 
head or barcode label.

3. The third and the most important step 
is to integrate a reliable, interference-
free and safe transmission of safety 
data, steering data and video signals. 
The data communication system 
allows you to connect all yard cranes 
with the IT infrastructure and the TOS. 
The availability of high data rates for 
machine-to-machine communication 
and human-machine-interfaces is a 
crucial aspect. One possibility is to use 
a slotted microwave guide extreme 
SM X. This system works with its multi 
node infrastructure in a frequency 
range of 5 - 5,8 hz, so you can then 
upgrade the bandwidth step by step 
to the frequency as required by the 
customers. RF emissions are well within 
EMC regulations and speeds of 100 
Mbit per second are available as net 
rate. This means the system can handle 
three eRT s per stack with up to four 
cameras simultaneously, depending on 
the camera type and the compression 
level. All components are designed to 
allow twenty times more bandwidth in 
the future. This allows the customer 
to upgrade the transceivers to new 
software hardware in the future, but 
everything else can still be used, so 
upgrade costs are minimized. VAHLE 
is building on considerable experience 
with its former SM T system on 
STS cranes and E-RT s. In Oslo, for 
example, a semi-automated E-RT  set-
up has been installed in cooperation 
with almar at the Sjurs ya container 
terminal (now operated by ilport), 
where eight almar E-RT s are 
equipped with Conductor rail power 
supply, absolute positioning and a data 
communication system.

4. The fourth step is to combine all the 
elements – electrification, positioning 
and data communication – in order to 
fully automate processes. 

POSITIONING 
A positioning system connected to the 
crane PLC and TOS system allows a crane 
to get a permanent feedback in real-time 
of its actual position. In combination with 
a data communication system and the TOS 
link, it is possible to drive the crane to a 
certain row in the container block. This can 
be done in semi- or fully-automatic mode.

Future developments include the 
VAHLE TRIMOTION System which provides 
electrification, positioning and data 
communication allowing remote operation 
of the eRT s from an ergonomically and 

safe office environment. The operator will 
be de-coupled from the eRT  and idle time 
(approx. 20 ) can be eliminated to increase 
efficiency. However, data communication 
is only one step to take. The main goal, 
using the valuable source of an efficient 
operator, is still valid. Therefore, more 
steps have to be taken. With an electrified 
system, e.g. an eRT , the carbon footprint 
as well as operational costs will be reduced 
significantly. 

LAEM CHABANG
The first automated rubber tyred gantry 
cranes will be operated in Laem Chabang, 
Thailand, and the first phase consisting 
of 10 container blocks and 10 brand new 
automatic RT s will be completed by mid-
2018. Eight PMC RT s arrived in Laem 
Chabang on anuary 12, 2018 and will 
be prepared for the final commissioning 
by VAHLE. The second phase of this new 
terminal will start seamless operation after 
the completion of phase 1. 

The system of electrification, positioning 
and data communication will also be made 
available for STS cranes. At present STS 
trolley speeds are limited by the need 
to take the crane operator into account. 
For new automated semi-automated 
STS cranes, however, this limitation is 
removed, and the USM X system will 
ensure high productivity as the trolley 
speed can be increased and downtime due 
to environmental conditions such as heavy 
rain or high wind speeds, shift changes 
or time-consuming maintenance of the 
festoon system, will also be minimized. 

The combined system consists of four 
or more conductor rails of up to 1000A 
and 1000V+1 SM X data communication 
waveguide. The trolley could be operated 
at up to 300m min travel speed, which 
is presently not realistic. In addition, the 

positioning system will help automate the 
trolley sequence. This will be required as 
soon as more ultra large container vessels 
visit container terminals on a daily basis.

The connection of all the yard cranes to 
the IT infrastructure will make the following 
data available:
•  Crane positioning
•  Crane power consumption
•  V ideo data
•  Automation control data
•  Conditon Monitoring System remote 

maintenance
•  Weight of the container
•  Consumption of the diesel generated or 

grid power in the block
•  Function and errors of the crane
•  Function and errors of the substation
•  Measurement of the substation
•  Emergency stop signals

CONCLUSION
Important topics such as risk 
management, safety, big data, IoT, 
predictive maintenance, environmental  
sustainability and PI’s to measure and 
control operational performance to ensure 
the best productivity in the terminal are 
dependent on reliable data.  All this raw 
data will be accessible after a specific grade 
of automation.

This means for the port equipment 
manufacture the opportunity to be a 
reliable partner beyond the contractual 
warranty period to reduced downtimes by 
first level support by remote connection.

They even can manage and stock the 
required spare parts for the equipment 
used in the terminals. The development 
of the container terminals regarding 
automation has already arrived, the 
question now is how can it be used in the 
best way and how the data will be secured 
against cyber crime. 
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The container shipping industry is one 
of the most competi ti ve industries in 
today’s marketplace. The dual force of 
globalizati on and the consolidati on of 
shipping lines has forced terminals to 
move more containers in a shorter amount 
of ti me with lower costs. Because of this, 
terminal operators are constantly seeking 
ways to become more producti ve and 
cost eff ecti ve. Additi onally, environmental 
impact is a growing concern all over 
the world, with increasing regulati ons 
empowering the drive to lower emissions. 
If container terminals want to become 
more profi table and maintain their 
competi ti ve edge, they must improve 
terminal throughput and effi  ciency 
while reducing their carbon footprints.  
Landside automati on provides a tangible 
soluti on for achieving these goals.  

Automati on has been evolving in 
the container industry over the last 20 
years. Automati c Stacking Cranes (ASC) 
began appearing in the early 2000s and 
revoluti onized container yard layout 
and operati ons. Ideally, ASC yards are 
oriented perpendicular to the quay with 
a Waterside Transfer one (WST ), a 
stacking area, and a Landside Transfer 

one (LST ). The WST  serves as the 
exchange area between the quay and the 
stacking area, and is typically serviced 
by either straddle carriers or Automati c 

uided Vehicles (A V). These vehicles 
drop-off  the container in the WST . The 
ASC can automati cally pick-up and drop-
off  containers in these areas once the 
vehicles have left . The stacking area is an 
unmanned area where the ASCs operate 
in full automati c mode. The LST  is where 
containers are loaded onto road trucks 
for transport; Figure 1 shows a typical 
ASC yard’s LST . Traditi onally, these ASCs 
only allow full automati c operati on inside 
of unmanned areas (WST  and stacking 
area) and rely on remote operators to 

complete all moves in the LST . While this 
method off ers many improvements over a 
purely manual operati on, its reliance on 
remote operators for all moves in the LST  
introduces delays in the transfer process. 

 TERMINAL SPEEDS
Operators rely on various camera views 
in order to accurately positi on and land a 
container on a road chassis from a remote 
locati on. These remote operators bring 
human variability to the landing process. 
Some operators are very effi  cient, while 
others require more ti me or multi ple 
att empts to achieve a successful container 
pick-up or landing. Another delay is 
introduced from waiti ng for a remote 
operator to become available to perform 
the move. In one of the world’s most 
advanced container terminals, the average 
wait ti me for a remote operator to connect 
to a waiti ng crane is approximately 33 
seconds. This connecti on ti me seems 
very impressive when evaluated for a 
single container move. However, over the 
course of a 24-hour period, the 33-second 

delay is a signifi cant loss of producti vity. 
This wait ti me adds up to 2.1 hours per 
crane and over 50 hours a day of wasted 
producti vity (depending on the size of the 
yard). 

Wait ti me is dependent on remote 
operator availability, as well as any truck 
management systems in place, and other 
terminal operati ng procedures. These 
wait ti mes only include the ti me waiti ng 
for an operator to become available and 
do not include any ti me the operator 
takes to perform the move once they are 
connected. Implementi ng a successful 
automati on soluti on in the LST  greatly 
improves terminal producti vity. 

A SOLUTION
TMEIC now off ers a new system providing 
fully autonomous landing on any top 
loaded container handling equipment, 
including road chassis. This system uti lizes 
the same sensors required for a traditi onal 
ASC and usually does not require any 
additi onal infrastructure. Furthermore, 
it provides an economical soluti on either 

THE NEED FOR LANDSIDE 
AUTOMATION
IN AUTOMATED TERMINALS  

Maggie Richardson, Sales Application Engineer, 
TMEIC, Roanoke, Virginia

TMEIC CORPORATION
IN ASSOCIATION WITH PORT TECHNOLOGY

Figure 1: Typical Land Side Transfer Zone 
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for new ASCs or to retrofi t existi ng ASCs. 
The system uses crane-mounted laser 
scanners (LIDAR) to create a model of 
the area under the spreader. As the ASC 
enters the LST , it begins a scan of the area 
underneath the crane generati ng a set of 
Cartesian coordinates in the crane’s frame 
of reference. Collecti ng these points over 
ti me creates a point cloud representi ng 
the area of interest. Filtering the raw point 
cloud provides a clear view of the target. 
Figure 2 shows both raw and fi ltered 
point cloud data of a loaded chassis. The 
fi ltered data provides a precise locati on 
of the container that the crane will use to 
autonomously remove the container from 
the chassis and transport the container to 
the stacking area.

Automati ng the process of landing 
containers on road chassis presents 
signifi cantly more challenges than the 
pickups discussed above. The inherent 
variability between diff erent chassis types, 
the required 25mm combined accuracy 
for the twistlocks, and the resoluti on 
capabiliti es of crane-mounted scanners 
are the main obstacles. TMEIC’s new LST  
automati on soluti on addresses these 
issues by analyzing chassis geometry 
and shape instead of att empti ng to see  
twistlocks to determine an appropriate 
landing soluti on. Point cloud data for the 
empty chassis is constructed as previously 
described, and the system then evaluates 
key geometric features to determine the 
correct loading positi on of the container 
and deposits the container on the empty 
chassis. Figure 3 shows scan data from 
several diff erent chassis types.  

This system has achieved great success 
in the locati ons where it is currently in 
operati on.  It has an average success rate 
of 99  for automated pickups from the 
chassis, a 70  success rate for automated 
landing on chassis, for a combined success 

rate of 84.5  for landside-automated 
operati ons. This system off ers signifi cant 
improvements in effi  ciency and success 
rates. The system generates a soluti on in 
approximately 3 seconds following scan 
completi on. The total ti me required to 
land on a road chassis is 66 seconds from 
the ti me the crane enters the LST  to the 
ti me when the spreader is completely 
disengaged from the container. 

A landside automati on system such as 
this one reduces the average wait ti me 
in the LST  from 33 seconds waiti ng 
for a remote operator to 3 seconds for 
the system to generate an appropriate 
soluti on in 84.5  of all operati ons. This 
is an extra 1.66 hours of producti on per 
crane every day without considering 
any improvements in the acti ve landing 
ti me. Additi onally, in the instances 
where an operator must intervene,  that 
involvement usually consists of a simple 
adjustment in the landing positi on which 
takes signifi cantly less ti me to complete 
than a fully remote move. 

Another benefi t of autonomous 
landings in the LST  is the near eliminati on 
of hard landings. The auto landing system 
will accurately detect the height of the 
chassis and slow down appropriately 
prior to landing. This reduces damage 
and maintenance of the spreader and 
increases overall crane up ti me. 

Finally, an eff ecti ve landside automati on 
system reduces the overall emissions 
of the terminal. The average truck uses 
approximately 3.1L (0.82 gal) of fuel 
for every hour spent idling. An extra 30 
seconds of wait ti me is not signifi cant to 
an individual truck driver and it does not 
provide a practi cal incenti ve for turning 
the truck off  while waiti ng. However, on 
the terminal level, these extra waits can 
add up to an extra 50 hours of truck idling 
emissions per day. With the described 

LST  automati on system, idling ti me is 
reduced by 38 hours day eliminati ng 
up to 312kg of CO2 and 5.47kg of NOx 
emissions, every day. Automati ng the 
LST  is an essenti al step in improving 
environmental factors as well as helping 
container terminals keep up with the 
ever-increasing vessel size, meeti ng 
increased throughput requirements, and 
to remaining competi ti ve in the global 
marketplace. 
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Figure 2 (Top left and middle): Raw and fi ltered data for a chassis loaded with twin twenties; 
Figure 3 (Top right): Filtered scans for several chassis types
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When extreme winds blow, cranes 
sometimes collapse. If one tie-down fails, 
a crane can break loose and roll down 
the rails, destroying neighboring cranes. 
Although other crane structural failures 
can occur during extreme winds, crane-
to-wharf tie-down systems are often 
the weak link  for full crane collapse, 
and thereby deserve more attention. 
The likelihood of catastrophes in ports 
can be greatly reduced if the design and 
fabrication is sound and the tie-downs are 
maintained.

Locations that experience tropical 
cyclones (also called typhoons or 
hurricanes) nearly always require ship-to-
shore (STS) cranes be tied down to the 
wharf structure to prevent overturning. 
Due to increases in crane height and 
outreach, without commensurate 
increase in the width and gage of cranes, 
overturning moments in storm wind 
conditions are now reaching magnitudes 

where tie-downs are being used even 
in “low” wind regions such as the 
Mediterranean, Northern Europe, and the 
US West Coast.  

Critical design considerations include: 
determining the tie-down force, 
considering the effects of misalignments 
and deformations, and coordination with 
the wharf hardware designer.  

CRITICAL DESIGN CONSIDERATIONS 
Tie-down Design Forces

Winds may blow in any horizontal 
direction. The winds from tropical cyclones 
rotate about the storm center, so the wind 
direction changes as the cyclone passes. 
The critical wind direction is different for 
each crane corner.  

The crane frame stiffness affects the 
tie-down force. A simple analysis does not 
include the effect of the frame trying to 
warp or the distribution of loads due to 
sill beam rotation. A computer analysis is 

TIE-DOWN DESIGN 
CONSIDERATIONS 
STS CONTAINER CRANES
Simo Hoite, Patrick McCarthy, and Michael Jordan; 
Liftech Consultants Inc, California, USA 

Figure 1: Typhoon Maemi - 2003
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necessary to accurately estimate tie-down 
loads. The computer analysis reports the 
critical wind direction and the maximum 
wind uplift reaction at each corner. The 
wind reactions are different for each 
corner.

The calculations of wind loads on the 
frame are based on: member wind area, 
shape and shielding coefficients for each 
member, and the wind speed at each 
elevation. 

Shape coefficients are determined 
from wind tunnel tests or computational 
fluid dynamics (CFD) programmes. Wind 
tunnel test results are usually better than 
CFD results. Eventually, CFD results will 
be as good as wind tunnel test results. 
Often the cost of wind tunnel tests of a 
crane model is not justified. Coefficients, 
based on tests of individual members and 
the effects of shielding, are provided in 
various international standards. Liftech 
has developed a catalogue of shape 
coefficients and the effects of shielding. 
The catalogue values are based on tests 
of multiple STS cranes. The calculations of 
wind loads using Liftech coefficients have 
been verified by recent wind tunnel tests. 
However, wind tunnel tests of a model of 
the entire crane give the most accurate 
data, especially for unusual cranes.  

The design wind speed is based on 
statistical analysis of wind data for a 
particular location and the surroundings. 
The wind speed criteria must include 
the gust duration, usually 3 seconds, the 
reference elevation, usually 10 metres (m), 
and the design speed, and be based on 
an acceptable probability that the speed 
will not exceed the design speed during a 
given time interval. Liftech recommends 
the probability of 7  in 50 years for the 
crane design and 3  in 50 years for tie-
down system design.

The analysis accounts for increased wind 
speed with increased elevation. A gradient 
profile is used, based on the surrounding 
topography. The speed at the top of the 
raised boom may be 40  greater than a 
design speed at 10m elevation. Since the 
wind force increases as the square of the 
speed, the pressure at the raised boom tip 
is nearly twice that at the sill beam.  

As noted above, Liftech recommends the 
tie-down forces be based on a probability 
of exceedance of 3  in 50 years. This 
increases the tie-down force by as much as 
30 . The increased cost is small and easily 
justified by the reduced chance of failure. 

DESIGN DETAILS
The detailed design of the tie-down system 
is paramount. The tie-down system includes 
the crane ear plate, links, a turnbuckle – if 
there are tie-downs on each side of the sill 
beam – an equalizing mechanism such as a 

ductile link to handle the effects of sill beam 
rotation, and the wharf hardware.  Each 
element has special requirements. 

The crane ear plate design must 
consider the tie-down load and the effect 
of misalignment due to crane deformation 
and construction tolerances. The tie-
downs may be out of vertical from the 
wharf hardware to the ear plate by up 

to 100 milimetres. The tolerance of each 
site needs to be determined. An inclined 
tie-down affects the stresses in the crane 
ear plates and the wharf hardware. A 
small incline in the tie-down does not 
significantly affect the tie-down force.  

The turnbuckle is needed to adjust the 
length of the tie-down and to tighten it. 
Turnbuckles are heavy and difficult to 

Figure 2: Wind resultants

Figure 3: Crane deformation – effect on tie-downs
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install on large cranes. A counterweight 
system can be used to balance the tie-
down weight and facilitate handling.

If there is only one tie-down at a corner, 
equalization is not needed. If there are 
multiple tie-downs, sill beam rotation may be 
more important, so some equalization may be 
needed. If the tie-down loads are equalized 
by a rocker, the design should be such that 
failure of one tie-down should not trigger 
the failure of the system. Regardless of the 
number of tie-downs at a corner and if they 
are equalized, tie-downs should be ductile to 
accommodate some plastic deformation.  

Sill beam rotation can also be 
accommodated by other means, such 
as the ductile link developed by Liftech. 
Under extreme tension, the link stretches 
plastically. The plastic strength is controlled 
by the link material properties, which are 
measured, and the shape of the link. A 
redundant safety link on each side of the 
ductile link limits the stretch in the ductile 
link. After an extreme load, the stretched 
ductile link may need replacing.  

WHARF HARDWARE
The wharf hardware is often designed by a 
wharf designer who is unfamiliar with crane 
design. For example, the effect of crane 
deformations and construction tolerances 
that are important are often ignored. The 
inclined tension and gaps between plates 
and pins can cause significantly unequal 
forces in plates, pins, and anchors. Also, 
the need for the links to rotate about the 
pin axis and the axis perpendicular to the 
pin may not be understood.  

In one failure, the bolts anchoring the 
hardware pulled out of the concrete, all 
for the lack of a hook, head, or nut at the 
end of the bolt.

HORIZONTAL WHARF LOADS
How horizontal loads are transferred to 
the wharf should also be considered in tie-
down design. Loads perpendicular to the 
rail are transferred by the wheel flanges. 
The rails may tend to rotate when the 
vertical wheel load is small due to uplift. 
This is usually not a problem, although 
sometimes extra rail clamps are required.  

Loads parallel to the rails are best 
transferred to the wharf through a 
central bracket on the sill beam. If this 
load is transferred in the gantry equalizer 
system, the resulting moment on the 
main equalizer may increase the tie-down 
force due to prying that develops in the 
gantrying system. The tie-down system 
should be designed for the increased load.  

CONCLUSION
Although other crane structural failures 
can occur during extreme winds, crane-
to-wharf tie-down systems are often the 

weak link for full crane collapse. Tie-down 
system performance and design deserves 
more attention. 

Critical design considerations include 

accurate calculation of forces, accounting 
for misalignments and deformations, and 
coordination with the wharf hardware 
designer. 
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Using data to drive operational 
improvements is a common industry 
practise, and the port logistics industry 
is no exception. However, collecting, 
analyzing and interpreting data to improve 
operations is not always as straightforward 
as it might seem. The fact is that the 
process poses a continuous challenge. The 
usage of data to improve your operation 
requires analytical skills and, in many cases, 
expert knowledge to fully comprehend the 
meaning of or draw conclusions about the 
data.

UNDERSTANDING DATA 
While the collection of good data is still 
an advanced exercise, software is a great 
source for data, and automatic logging 
allows significant data creation. Since 
many terminals use advanced software in 
their operations, this is a great opportunity 
for data analysis. For container terminals 
this means they are able to record the 
activity and location of all equipment over 

time. It is, for example, possible to count 
the number of containers handled by 
terminal equipment or the duration of a 
cycle. After collecting the data, the main 
challenge is how to analyze the data and 
transform it into ‘knowledge’ or insights 
about the operation.

SOFTWARE AS SOURCE FOR DATA 
COLLECTION
To analyze the data available in the 
terminal, we need to determine which 
data is relevant and need to understand 
what the underlying processes are. At 
first glance, some data may seem easy 
to understand. Counting the number of 
containers handled by a quay crane ( C) 
in a certain period is easy to measure – we 
see how many containers per hour the 
crane has handled, for example. However, 
the question remains how this information 
must be interpreted. It does not directly 
provide any relevant insights about the 
operation, as we do not know what the 

scope is. In addition to counting the 
number of containers, the number of twin 
moves – or whether the C was loading 
or discharging – has a big influence on the 
performance of a C. Therefore, many 
terminals struggle with making profitable 
changes to their operation based on their 
collected data. 

To make a step forward in turning data 
into knowledge, both data analysis and 

TURNING DATA INTO 
KNOWLEDGE
BRIDGING THE GAP IN THE TERMINAL INDUSTRY
Dr Yvo Saanen, Commercial Director, TBA;  
Sander van Dijk, Consultant, TBA, Delft, Netherlands
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data interpretation are needed, as both 
are necessary to create relevant insights. 
We need comprehensive information to 
understand the operation at the terminal, 
and while using data to improve operations 
has great potential, it is worthless if the 
data cannot be turned into knowledge. 
The generated data must therefore be 
analyzed to transform it into quantitative 
measurements. Combining different data 
sets will highlight import parts of the 
operation. However, this is only a first step, 
next we need to interpret the data, and for 
that we need to understand the data itself, 
as well as the complementary aspects of 
the operation. 

TRANSFORMING DATA INTO KPIs
A proven tool for process improvement 
is the use of ey Performance Indicators 
( PIs). These PIs are an extension of 
data; a summary, or the highlights of the 
underlying data. PI’s combine different 
data values into measurable quantities 
that are easier to understand. An example 
of such a PI is the quay crane productivity. 
It combines the number of containers 
handled by the crane with respect to its 
working time. PI productivity provides 
us information about containers per hour 
which is measurable and quantifiable. 
These characteristics of PIs are important, 
because it makes them comparable and 
thereby understandable. Many different 
and even less straightforward PIs can 
be calculated, such as the average time 
per move the quay crane is waiting for a 
terminal truck or straddle carrier. PIs are 
well-defined targets that transform data 
into measurable goals.

These PIs give relevant information 
about the operation, such as:
•  How many containers per hour are 

lifted by the quay cranes  
•  How many of the vessel moves are twin 

moves or which percentage is load or 
discharge  

•  Which percentage of their working 
time do terminal trucks spend waiting 
in the yard  

•  How was work distributed among RM  
modules

Information (data which has been 
processed into comprehensible material) is 
a logical step towards knowledge. While PIs 
do provide information about operations, 
unfortunately they do not provide knowledge 
about it. Hence, deeper understanding of 
the processes is needed. Combining multiple 

PIs with an understanding of the operation 
gives tangible insights about the operation. 

nowledge includes information about the 
current terminal performance, as well as 
the knowhow to adapt to the operation 
accordingly.   

While the actual calculation of PIs 
is usually a reasonably simple analytical 
process (and one that can even be 
automated) the interpretation of the data, 
and subsequent generation of relevant 
operational insights, requires problem-
solving skills and expert knowledge about 

the operation in question. There is not one 
recipe to solve a problem, each realisation 
of PIs needs an understanding of its own. 
Therefore, completing the step from data to 
knowledge is not easy to automate. Expert 
knowledge (the knowhow and experience 
of an expert) is an essential attribute to this. 

TERMINAL OPERATIONS

DATA
KNOWLEDGE

INFORMATION = BRIDGING GAP

THE GAP

Operation 1

DATA DATA DATA DATA 
DATA DATA DATA DATA 
DATA DATA DATA DATA 
DATA DATA DATA DATA 
DATA DATA DATA DATA 

Data collection

Calculating KPIs

Improving operation

KPI 1   KPI 2   
KPI 3   KPI 4   
KPI 5   KPI 6   

Conclusion 1
Conclusion 2
Conclusion 3 

Expert k
nowledge
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The above visual representation is an 
example of how PIs can be transformed 
into knowledge for this specific operation. 
This graph shows the completion times 
of moves for one uay Crane. The green 
arrow represents the steadily completing 
load moves of the C. Until the point that it 
must wait for the load of AS005. The yellow 
part of the bar indicates that the ASC is late 
on this job execution. At the bottom part 
of the graph, it becomes visible that AS005 
was doing a ‘ ard Shift’ in advance of the 
load move. It can be concluded that digging 
out the pile to collect the correct containers 
was the direct cause of delay at the C. This 
real-life example shows how combining job 
completion times of the C, ASC and A V 
give insight in the cause of a C delay.

DATA AND KNOWLEDGE:  
BRIDGING THE GAP 
To really understand what is going on 
we need to take a look at several PIs 
simultaneously. If we want to understand 
how well the Cs have performed on a 
vessel, we need to know (a.o.):
•  The C productivity as well as the load 

percentage 
•  The twin percentage
•  The average bay size
•  The yard occupancy
•  The average pile height the number of 

reefers

To compare the C productivity of one 
vessel to another, we need many PIs and we 
need to understand how they influence each 
other. The key aspect for this is benchmarks. 
They can be used to qualify the different 

PIs to determine which facets of the 
operation are ‘good’ or ‘bad’. Benchmarks 
can be created by using historical data of 

the terminal or by using the data from other 
terminals that have similar operational 
processes. PIs are useful when these are 
compared to benchmarks due to their 
measurable property. A well-defined PI can 
be determined for different terminals even if 
their underlying data is different. 

To bridge the gap from data to 
knowledge, we need to use PIs as an 
extension to the data. Well defined 

calculations are needed to transform data 
to measurable quantities. By combining 
different PIs, valuable insight and
or knowledge about operations can be 
acquired. To make this final step from 

PIs to knowledge, benchmark values and 
analytic skills of an expert are of utmost 
importance. By using this approach, data 
analysis can help to continuously improve 
operations in the terminal industry.
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To date, most of the 44 automated 
container terminals already in operation 
around the world have been developed as 
new projects, that is; built from scratch on 
a blank canvas. However, there are notable 
exceptions where existing manual terminals 
have been retrofitted with automation as 
part of a major redevelopment, such is the 
case at terminals in Germany and the USA 
for example. 

In Hamburg, HHLA is undertaking a 
phased redevelopment of the Burchardkai 
Terminal, the largest and oldest container 
handling facility in the port, which dates 
back to the late 1960s. The company is 
gradually installing ARM  yard blocks and 
turning the terminal into a semi-automated 
facility. 

In Los Angeles, the TraPac terminal has 
been re-equipped and re-developed into 
a fully automated facility using ASCs in the 
yard and automated straddle carriers for 
horizontal transfer. In neighbouring Long 
Beach the Middle Harbor Redevelopment 

Project has seen OOCL develop a fully 
automated facility using ASCs and 
AGV s on the footprint of older terminal 
infrastructure. However, this example is 
perhaps closer to a greenfield development 
than a retrofit due to the extent of the 
redevelopment work undertaken.

OPTIMISING EXISTING TERMINALS
Figure 1 shows the existing and planned 
automated terminals across the world, 
giving an insight into container terminal 
automation as it presently stands globally. 
Looking ahead, it is clear that long-term 
container port demand growth has been 
reset to a lower, “new normal” rate. Gone 
are the days of double-digit growth and 
most observers expect a more mature 
rate of no more than 5%  per year. This, 
together with greater risks and potentially 
lower returns from greenfield terminal 
projects, has led to a much more cautious 
approach to such projects by many 
terminal operators and investors. With the 

number of greenfield terminal projects 
in the pipeline reduced, the opportunity 
to develop these terminals as automated 
facilities is similarly affected. However, the 
flip side of terminal operators’ reduced 
interest in greenfield terminals is a much 
greater focus on optimising their existing 
terminals. Part of this may well involve 
consideration of conversion to semi or full 
automation, but how big is the potential 
global market for such retrofit terminal 
automation

Figure 2 shows the proportion of existing 
container handling terminals worldwide 
that are automated. Of the 1,300 or so 
facilities, only just over 3  can be classed 
as automated. On one hand, this might 
be viewed as disappointingly low given 
the high profile of automation and the 
potential benefits it offers. However, on the 
other hand, it does indicate huge potential 
pool of existing facilities that might be 
retrofitted with automated equipment.

RETROFIT TERMINAL 
AUTOMATION
MEASURING THE MARKET 
Neil Davidson, Senior Analyst, Drewry Maritime Research, London, UK 
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RETROFITTING IN LARGER TERMINALS
Figure 3 digs deeper into the picture by 
showing the number of existing container 
terminals worldwide by size. Over 70  of 
the world’s terminals are small (under 500k 
TEU throughput per year) and so unlikely 
(or less likely) to be suitable for retrofit 
automation, given that the high capital 
cost and “lumpy” nature of automated 
capacity tends to suit larger facilities. On 
the face of it, this suggests that over 750 
terminals globally can be discounted as 
sites for retrofit automation potential. 
However, Figure 4 shows the number of 
existing terminals again by size but also in 
terms of throughput. In this analysis it can 
be seen that the terminals handling over 
500k TEU per year account for over 80%  of 
world throughput. 

The natural focus for retrofit automation 
is the larger terminals around the world, of 
which there are over 300 not yet employing 
automation. While they are in the minority 
in terms of the overall industry total, they 
account for the vast majority of global 
throughput. 

REGIONAL VARIATIONS IN POTENTIAL
Figure 5 provides a breakdown showing 
how many of these large, non-automated 
terminals there are in each world region. 
It also places them in a matrix. Along the 
vertical axis is a broad assessment of labour 
costs in each region. In some regions 
this is a straightforward assessment as 
all the countries are similar, but in others 
the picture is more mixed, for example 
Southeast Asia as a region has a number of 
countries with varying degrees of a uence 
and hence labour cost. The Middle East 
meanwhile is a region of mainly wealthy 
countries but labour costs in terminals are 
relatively low due to the use of migrant 
labour.
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Figure 1: Existing and planned automated container terminals
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Figure 2: Proportion of automated container terminals worldwide (by number of terminals)
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On the horizontal axis is an assessment 
of the appeti te for terminal automati on in 
each region. This is much more subjecti ve, 
and more nuanced. For example, there 
may be a strong appeti te for automati on 
from terminal operators and investors 
due to high labour costs, but if there are 
also strong dockworker unions against 
the concept, this appeti te is counteracted 
to a degree. Hence, the overall appeti te 
in North America for example has been 
judged as moderate. There is also the 
infl uence of presti ge and a desire to 
be at the cutti  ng edge of technological 
development, meaning although labour 
costs in the Middle East and reater China 
are low by world standards, suggesti ng a 
lesser appeti te for terminal automati on, in 
fact it is strong in these locati ons due to 
the aforementi oned presti ge and cutti  ng 
edge reasons. Another considerati on is 
the newness of terminals, on the basis 
that locati ons with long-established, 
older terminals may be more ripe for 
redevelopment and re-equipping, whereas 
those with newer terminals less so. This 
favours more mature market locati ons 
such as North America and Europe.

NORTH ASIA AND EUROPE 
The top right of the matrix has a 
combinati on of high labour costs, as well as 
a strong appeti te for terminal automati on. 
Regions in this quadrant are likely to off er 
the best potenti al for retrofi tti  ng. By the 
same token the bott om left  quadrant 
is least likely to off er potenti al, with its 
combinati on of low labour costs and 
limited appeti te. However, the number 
of potenti al terminals in each region is 

also part of the story (indicated by the 
size of the circle for each region), and not 
surprisingly reater China has the highest 
amount. 

This potenti al is miti gated by the 
relati vely low labour costs which may call 
into questi on the validity of automati on 
even with the presti ge and cutti  ng edge 
moti vati ons. The regions able to combine 
the best potenti al for retrofi t automati on 
(high labour costs and strong appeti te) 
together with signifi cant numbers of 
existi ng suitable terminals are North 
Asia and Europe (North and South). The 
region least likely to att ract retrofi tti  ng 
automati on is South Asia, with its low 
labour costs and apparent limited interest 
in the presti ge rati onale. That said, it 
is interesti ng to note the news that 

Adani’s greenfi eld terminal planned for 
V izhinjam in India is to be provided with 
an automated soluti on by PMC. 

reenfi eld projects have not gone 
away, there are over 100 confi rmed 
developments currently in the pipeline 
around the world, albeit so far only a 
handful have opted for automati on. 
But for the ti me being at least, the 
opportuniti es for retrofi tti  ng automati on 
in existi ng terminals appear to be in the 
ascendance. The locati ons off ering the 
most plenti ful and suitable terminals are 
Europe, North Asia and reater China. It 
will be interesti ng to see which locati ons 
take the lead and why. 

T his analy sis is t ak en f ro m  D rew ry ' s 
q uart erly  P o rt s &  T erm inals I nsight  rep o rt .
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The International Convention for Safe 
Containers, 1972 (CSC), is an International 
Maritime Organization (IMO) publication. 
The Convention aims to maintain safety 
in the transport and handling of shipping 
containers by establishing uniform 
international safety regulations accepted 
by the majority of nations participating 
in sea-going trade. Such as providing 
standardised testing procedures, strength 
requirements and on-hire off-hire CSC 
examinations. Container owners and lessors 
typically require their shipping containers 
that arrive at hinterland terminals (also 
some container terminals) for an on-hire
off-hire interchange to undertake a CSC 
examination. The examination requires 
qualified terminal staff to visually inspect 
the inside and outside of the container 
for structural damage in accordance with 
inspection criteria set out in the CSC.

Typically the existing process for 
examining a container is as follows:

1. Upon arrival at the terminal, the 
container is moved to an examination 
slot. Examination slots typically have 
1-metre wide aisles on the long sides 
and 2-metre wide aisles at the ends. 
This is so the examiner can inspect 
each side of the container and open 
the doors to inspect the inside by foot, 
which limits the slots to being only one 
tier high for access inside

2. The examiner completes the CSC 
examination when it is safe to do so

3. Following completion of the 
examination, the container is moved 
from the examination slot to a storage 
slot, or if damage is identified it is 
moved for repair

The existing process typically leads to 
examination slots reaching capacity during 
peak container arrival times. Terminal 
operators typically do not allow for 
additional examination slots to be created, 
as this reduces the storage capacity of 

the terminal. Therefore, containers are 
temporarily moved to storage slots, so the 
truck moving the container can exit the 
terminal. This leads to double handling 
of containers as they are moved to an 
examination slot when a slot becomes 
available.

A solution to this issue may involve 
densifying the examination slots by 
introducing tiered stacking of containers 
to be examined and or using automated 
technology to streamline examination 
procedures, increasing the productivity 
of examiners and potentially freeing up 
additional storage capacity.

TIERED STACKING
The first proposed method looks at 
increasing the stack height within 
examination slots while maintaining the 
safety of examiners during the examination 
procedure.

The maximum stack height of a shipping 

EMPTY CONTAINER 
EXAMINATIONS
AUTOMATED AND TIERED APPROACHES 
Shane Freeman, Maritime Engineer, Mott MacDonald, Sydney, Australia 

EDITION 77: SPRING 2018    87 

PORT PLANNING, DESIGN AND CONSTRUCTION



container is based on the allowable stacking 
load with doors open. Within Australia the 
Australian Maritime Safety Authority (AMSA) 
limits a container with its doors open to not 
be over-stowed by more than two empty 
containers, unless written evidence can be 
provided. Therefore the maximum allowable 
stack height could be up to three containers 
high for examination slots.

Containers stacked three high would 
require examiners to access the containers 
approximately 6 metres from ground level. 
A conventional ladder is not recommended 
as the container doors are required to be 
opened and the outside of the container 
inspected. A fixed gantry could offer safe 
access for examiners, although the gantry 
would have to go around all sides of the 
container which would result in difficulty 
in the handling equipment moving the 
container. 

The method proposed for accessing 
the inside of the container and providing 
access to all sides of the container is a 
mobile elevating platform (scissor lift). 
A scissor lift would allow a safe platform 
for examiners to open and access the 
inside of container. Along with providing 
the mobility to freely move around the 
container to inspect all sides without the 
need for fixed infrastructure.

By increasing the stack height the 
capacity of the examination area can be 
increased by up to 100  while providing 
sufficient aisle widths for the scissor lift. No 
fixed infrastructure would be required and 
the terminal would only have to purchase 
a number of scissor lifts and train staff 
on how to perform inspections using the 
scissor lift. Therefore this method could 
easily be trialled and tested at an existing 
terminal to assess the potential benefits 
and risks following the operator completing 
a health and safety risk assessment for 
their individual site conditions.

By increasing the capacity of the 
examination slots by up to 100 , it reduces 
the likelihood of having to temporarily place 
the containers in storage slots during peak 
times. Therefore the additional capacity 
would directly lead to less container 
handling moves required at the terminal, 
reducing the demand on equipment and 
labour.

AUTOMATION
The second proposed method looks to 
streamline the examination procedure by 
automating areas with damage inspection 
technology.

Existing products on the market such 
as the LaseCDI- ate are designed to 
automate the detection of damaged 
containers as trucks pass through a series 
of laser scanners on arrival at the terminal. 
The system can inspect the long sides and 

the top of the container. The system cannot 
guarantee detection of the ends of the 
containers as they may be blocked by the 
truck cab or another container. Therefore 
an examiner is still required to open the 
container to assess the inside and the ends 
of the container.

The automated detection may reduce 
the number of handling moves as 
containers with damage to the sides can be 
flagged early and moved directly to repair 
facilities, as well as reduce the number of 
containers to be examined.

Containers that are not damaged on 
the long edges can be stacked without the 
need for access to the long edges as these 
sides have already been inspected by the 
automated system. Therefore the area for 
the examination slots can be reduced.

The adoption of an automated detection 
system at a terminal is likely to increase 
examination slot capacity by approximately 
10 . However, the main benefit is 
decreasing the number of handling moves 
at the terminal by having an early detection 
system to identify damaged containers.

SUMMARY
Either of these methods can be adopted 
separately, together or staged as demand 
requires. It would be expected a terminal 
may start with examination slots one high, 
transition to tiered examination slots and 
then implement an automated detection 
system. 

If both methods are used together at a 
terminal the capacity of the examination 
slots would increase by up to 220 . Along 
with requiring less container handling 
movements reducing operational costs.

In summary the proposed methods 
target capacity improvements and 
increasing handling efficiency at the 
terminal in regards to completing CSC 
examinations. The benefits of the methods 

still requires further analysis through 
simulation modelling based on an actual 
terminal and field trials to confirm the 
operations and safety of examiners. 
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MEGA-SHIP READY

“From an engineering perspective it is hard not to 
be impressed at what can be achieved in terms of 
autonomous terminal design and unmanned vessels. 
But if we look forward to 2018 and beyond, we will likely 
see, to an increasing degree, the digital and automated 
agendas merge, with the commercial focus of digitization 
taking the forefront.”

Lars Jenson of SeaIntelligence, page 90



Nobody who has been involved in the 
shipping, port and terminal industry 
could have missed the surge in focus 
on digitization and automation that we 
have seen over the past few years. 2017 
especially saw these topics take front and 
centre stage at virtually every industry 
conference and gathering, not to mention 
at C-level and board meetings within the 
industry itself.

Here at the beginning of 2018, it might 
be a good time to pause to take a look at 
what has actually been happening in the 
past year, why it happened and what is in 
store going forward. 

DIGITAL DEVELOPMENT
From the obvious perspective, we have 
seen an increase in the amount of 
automated and digitized tools which 
are being implemented either for own 
internal purposes, or for the purposes of 
providing new functionalities and options 
to customers and other stakeholders. This 

ranges from automated equipment in 
terminals, increased sensor arrays onboard 
vessels, as well as a multitude of digital 
initiatives brought forth by the container 
shipping lines aimed at cargo owners and 
freight forwarders.

When one questions why this is 
happening, the answer appears similarly 
obvious: the introduction of these new 
technologies ensures reduced operating 
costs, higher performance, and it holds the 
promise for even greater gains to come in 
the future.

There is nothing wrong with the obvious, 
but, in order to get a better understanding 
of where the industry is in the digital 
landscape, it is instructive to contemplate 
some of the deeper drivers behind this 
development.

IOT AND DIGITALIZATION
First of all we need to distinguish between 
automated hardware – some would say 
Internet of Things (IoT) devices – and 

the process of digitization. The hardware 
boom has been driven by sharply declining 
prices for hardware combined with the 
fact that much of the technology used for 
automation is not solely developed for 
the maritime industry, but is leveraging 
technology also developed for other 
industries (such as self-driving cars and 
automated industrial equipment). In this 
context, we are seeing a genuinely new 
drive of automation within the industry. 
But the longer-term value of this is 
closely connected with the approach to 
digitization.

On the topic of digitization, the answer 
is not quite as clear-cut. In this context, 
digitization covers handling and the 
exchange of information between shipping 
lines, shippers, consignees, authorities, 
ports and so forth. Looking at many 
of the initiatives which have risen into 
prominence in 2017, two important aspects 
come to fore. The first one being that the 
clear majority was not started in 2017. 
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They were instead launched in the 2012-
2016 period. This indicates that despite 
the seeming sudden rise in digitization, it is 
the result of several years of preparing the 
groundwork for these concepts.

Secondly, and as importantly, it is 
hard to see genuinely ground-breaking 
new concepts amongst these. That is, 
of course, a provocative statement, and 
one likely to be disputed by virtually all of 
said companies. And naturally, every new 
concept has elements that will differ from 
previous incarnations of the same idea. 
But essentially, all these ideas have been 
launched before in the heydays of the dot-
com bubble in the 1990s before the 2008 
financial crash hit. With a few exceptions, 
such as Inttra and CargoSmart, none of 
these made much of a lasting impact.

However, this is besides the main point 
in this context. The important part is that 
fundamentally the rise of digitization seen 
in 2017 does not have technology as its 
main driver. Technology is usually what is 
being talked about, but the critical thing 
which we have begun to see changing 
is the industry’s view on how to use the 
technology.

PARADIGM CHANGE 
The experiments of the late 1990s and early 
2000s did not fail due to technology. They 
failed because the industry approached 
the implementation of the technology 
from a less than conducive angle. Put more 
simply, those trialling new technology 
essentially clung to two beliefs. One was 
that each company should develop their 
own technology, and the differentiation 
in technology would lead to a competitive 
differentiation as well. But as customers 
desire interactions with multiple maritime 
companies, this approach was less 
than efficient. The other was that many 
companies embraced the notion that 
digital systems should only be launched 
when they were ‘ready’, in turn making 
it almost impossible to change them 
afterwards should the users not appreciate 
the new tools.

What we have seen during 2017 is a 
shift in both of these mindsets. Many of 
the concepts which were launched into 
prominence in 2017 span across multiple 
stakeholders at the same time. This shows 
an approach wherein it is now recognized 
that customers do want choice, and 
attempting to fence customers in through 
the use of proprietary technology might 
prove counterproductive. Secondly, we 
are increasingly seeing the launch of pilot 
projects wherein not only the tools, but 
also the business models, are not fully in 
place yet. Instead customers are invited 
to participate in the further testing and 
development. 

This alternative approach shows that 
despite technology grabbing the headlines, 
the digital agenda in container shipping is 
increasingly being commercially driven. 

BACK TO AUTOMATION
From an engineering perspective it is 
hard not to be impressed at what can be 
achieved in terms of autonomous terminal 
design and unmanned vessels. But if we 
look forward to 2018 and beyond, we will 
likely see, to an increasing degree, the 
digital and automated agendas merge, with 
the commercial focus of digitization taking 
the forefront. Automated equipment will – 
even more than what is currently the case – 
be evaluated on the basis of whether it can 
drive actual business value. And herein lies 
an important point: It is not sufficient that 
a certain piece of automated equipment 
can be shown to have a savings potential. 
The implementation of that equipment 
must also be accompanied by a change 
in associated business processes, as 
otherwise the value remains theoretical.

The lessons learned from digitization 
over a decade ago is that commercial value 
must be the driver, otherwise projects 
will peter out and the business processes 
are quite simply not being changed. 
In the realm of terminal automation, 
this is already making itself clear, as 
the predominance is a focus not on full 
automation, but on automation where 
there is an actual beneficial business 
case associated with process changes. 
In the case of autonomous vessels, it is 
equally likely that the focus will shift more 
to smaller coastal vessels and barges, 
whereas futuristic large autonomous 
deep-sea vessels might take more of a 
back seat.

2018
For the digital agenda, 2018 is the year 
when the many concepts that sprung into 
bloom in 2017 are to be truly tested in 

the market. This also means that by the 
end of 2018, it will likely become crunch 
time for many of these. Did the concepts 
stand the test of the market in terms of 
commercial value, or will they be running 
out of investment funds  After that, the 
scene is set for 2019 to be the year where 
the successful concepts begin to grow in 
earnest. Hence in terms of digitization and 
automation, 2018 can at best be described 
at the end of the beginning. 
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From the lows (and carrier losses) of 2016, 
freight rates improved sufficiently during the 
course of 2017 for the majority of carriers 
to return to profitable positions. However, 
despite quiet optimism in the industry 
at the start of 2017 that sustained trade 
volume growth and could drive a revival in 
freight rates, the recovery of the container 
market continues to be threatened by the 
potential imbalance between underlying 
supply and demand. Carriers  attempts to 
counter such overcapacity have primarily 
taken the form of further co-operation or 
integration, whether through merger and 
acquisition (M A) activity or new alliances. 
In this article we review the market trends 
of 2017 and analyse the outlook heading 
into 2018.    

LINER PERFORMANCE
2017 marked a quick return to profitability 
for carriers, following the significant losses 
suffered by many the previous year. By the 
end of the third quarter of 2017, all of the 
major carriers recorded positive operating 
results (with the exception of HMM), with 

shipping consultancy Drewry expecting that 
collective profit would exceed US$7bn for 
the full year.1   

Both CMA C M and Hapag-Lloyd 
recorded year-on-year revenue increases of 
over $1.2 billion, however these increases 
were primarily influenced by the completion 
of the acquisitions of APL and UASC 
respectively (see below).  Maersk Line, the 
world s largest container carrier, also made 
a strong recovery despite suffering an 
estimated $300 million loss following the 
NonPetya ransomware attack in une 2017.                            

MARKET (IM)BALANCE
lobal trade remains robust, with global 

loaded container traffic for 2017 expected 
to exceed 200 million TEU for the first time 
ever. Analysts are optimistic that this volume 
growth will continue into 2018. At the start 
of 2018, the IMF lifted its projection for 
global economic growth to 3.8 , whilst 
Drewry s recent Container Market Outlook 

 Freight Rate Trend suggests that global 
port throughput will increase by a further 
4.3  in 2018.2 

Some underlying supply-side 
fundamentals also pointed towards 
a slight rebalancing of the market in 
2017. Throughout 2016, the extent of 
overcapacity was most plainly reflected by 
the idle containership fleet numbers, which 
reached a record high in November, 2016 
of 397 unemployed vessels (approximately 
7.8  of the global fleet). Whilst some 
spare capacity remains, this appears to 
be much reduced – idle fleet numbers fell 
throughout 2017, reaching a low of 99 
vessels in anuary, 2018 (approximately 
1.8  of the global fleet).

On the other hand, 153 containerships 
totalling 437,000 TEU were scrapped in 
2017 (in comparison with 182 vessels 
(658,000 TEU) in 2016), whilst total 
container capacity was 3.7  up on the 
previous year.

Analysts expect these supply-side 
pressures to only increase in 2018, further 
dampening any potential rebalancing of 
capacity. Most notably, an additional 1.5 
million TEU of newbuilds are scheduled to 
be delivered in 2018. Of these deliveries, 
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34 of them are 20,000 TEU or above. These 
new vessels will be deployed on Asia-Europe 
routes, resulting in further cascading of 
capacity onto secondary trades that may 
impact rate stability there. On this basis (and 
even when accounting for predicted vessel 
scrapping), shipping analyst Alphaliner 
estimates that container fleet capacity is to 
increase by 5.6  in 2018.3 

On top of these scheduled deliveries, 
there was a sharp increase in newbuild 
orders during the second half of 2017, 
with orders placed for the full year totaling 
671,641 TEU in capacity (a 140  increase 
on 2016).      

The potential impact of fleet growth will 
of course be dependent on any slippage 
or deferrals by carriers on known orders 
throughout 2018. In anuary, 2018, COSCO 
(which currently has the largest orderbook 
of 28 ships for 496,000 TEU averaging 
17,700 TEU a vessel) deferred delivery of 10 
megaships to 2019. More carriers may join 
COSCO in exerting pressure on shipyards 
to defer delivery of vessels beyond 2018 in 
order to mitigate any orderbook pressure. 
Alternatively, it may transpire that, given 
the reduction in both idle fleet and 
scrapping numbers, carriers may revert 
to utilize these other capacity release 
measures again.

Despite the recent resurgence in 
orders, the likelihood of the major carriers 
embarking on a new ordering spree remains 
relatively low. Whilst a number of new 
orders are for ultra-large container vessels 
(ULCVs), analysts suggest a ceiling has been 
reached on size for now, with diminishing 
economies of scale on ever-larger vessels 
reducing the incentive for carriers to invest 
in even larger tonnage. Equally, ports and 
terminals continue to adapt to the impact of 
ULCVs, which by their nature means fewer 
port calls but increasingly concentrated box 
exchanges. 

MARKET CONSOLIDATION
Discussions on market consolidation and 
merger activity continue to dominate the 
container industry. During the course of 
2017, the acquisitions of APL by CMA C M, 
Hamburg S d by Maersk Line and UASC by 
Hapag-Lloyd were all completed. Ocean 
Network Express (ONE), the joint venture 
carrier formed by apanese carriers N , 
MOL and -Line, is also set to commence 
operations on April 1, 2018 (and has already 
started accepting bookings).  

Following completion of the ONE merger 
and COSCO s acquisition of OOCL, Drewry 
has estimated that the leading seven 
carriers will control approximately 80  of 
the global active fleet.4  Moody s Investors 
Service suggests that the, trend toward 
consolidation among container shipping 
firms will continue into 2018  as carriers 

look to further boost market share and 
efficiency to counter persistent oversupply.         

With the latest wave of consolidation 
only just becoming operational or still 
pending, predicting the impact of M A 
activity on the market in the short-term 
remains difficult. Some analysts suggest 
that recent market consolidation may act 
to reduce freight rates, as carriers attempt 
to protect their newly-gained market share 
and prevent customer attrition through 
attractive  pricing.  However, logic would 
suggest that any increase in market 
concentration will see a steady increase in 
rates for shippers.                      

ALLIANCES
Further co-operation between carriers was 
established with the launch of the new 
alliance network in April, 2017. Instigated in 
part by the collapse of Hanjin in 2016, the 
previous four major alliances were replaced 
the following arrangements:
•  THE Alliance: ONE, Hapag-Lloyd and 

ang Ming
•  2M+H: Maersk Line, MSC + HMM
•  Ocean Alliance: CMA C M, COSCO, 

OOCL and Evergreen
These new alliances look to optimise 

efficiency by reducing slots costs and 
by extending the individual operator’s 
geographical reach. 

LOOKING FORWARD
Carriers continue to seek additional cost 
savings and efficiency gains through 
technological innovation. CMA C M 
recently announced that nine 22,000 
TEU newbuilds scheduled for delivery in 
2020 will be fuelled by LN . The French 
company estimates that the switch will cut 
CO2 emissions by up to 25 , sulphur and 
fine particles by 99 , and NOX by 100 , 
calling the move, a real technological 
breakthrough . CMA C M have worked 
with Total (the French multinational oil 
and gas company) on the initiative, who 
are currently moving forward with plans to 
provide 300,000 tonnes of LN  a year from 
2020.  

Similarly, in anuary, 2018, Maersk 
announced their intention to establish 
a joint venture with IBM to explore the 
digitalization of supply chains through the 
use of blockchain.  

CONCLUSION
Whilst continuing strong demand in 2017 
went some way in reducing the previous 
capacity overhang that detrimentally 
impacted freight rates during 2016, supply-
side growth could mean that any market 
rebalancing may be short-lived. Drewry 
suggests that the collapse in freight rates 
seen during the second half of 2017 ...
suggests that carriers have not yet rid 

themselves of certain self-sabotaging 
traits and that talk of a new golden age 
for carriers was perhaps exaggerated. 5   
Similarly, consultants SeaIntel say carriers 
have, ...managed to convince the rest of 
the industry that the recovery is starting in 
2017. A new ordering spree... would most 
assuredly doom any potential recovery. 6   
How carriers perform in 2018 and beyond 
will primarily depend on their collective 
response to oversupply.    
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This paper seeks to address the 
distribution of the largest containerships 
across the globe and thereby build a 
picture of the global network. Many issues 
have been raised since the advent of so-
called ‘mega-ships’, ranging from port 
capacity issues, competitiveness, shipping 
alliances, and technological change, but 
the precise geography of their circulation 
had remained somewhat overlooked 
to date. Herein we aim to provide a 
concrete description and explanation of 
the observed pattern in the recent period, 
notwithstanding a brief explanation of the 
data and methodology used for such a 
purpose. 

DATA AND METHODOLOGY
The most efficient way to map and analyse 
the global container shipping network is 
to extract information from the Lloyd’s 
List Intelligence database , which we 
have done to create a unique database. 
Covering the complete months of une to 
December 2016, our database comprises 
121 mega-ships, which are defined by a 
capacity over 14,000 TEU (meaning mega-

ships actually make up just under 2  of 
the global fleet). This equals a total fleet 
capacity of 1,976,077 TEU (9.62  of total 
containership capacity). 

Mapping the combined traffic of all 
containerships (including mega-ships) for 
2016 consisted in assigning real flows  to 
a world maritime grid at both nodes (ports) 
and links (segments) . The information we 
have highlights vessel movements between 
ports, yet does not express their exact 
circulation pattern or spatial trajectory; 
a method which allows for representing 
flows with accuracy following the principle 
of the shortest path. A port-to-port matrix 
was thus elaborated which included direct 
movements between ports (i.e. A-B, B-C, 
C-D) and indirect linkages (AC, BD) in order 
to consider the full voyage of the ships. 

As a preliminary result, and among the 
1,000 ports connected by containerships 
in 2016, only 67 have welcomed mega-
ships. This subgroup of the world 
container fleet is highly selective in its 
network design and port choice when 
it comes to designing its services and 
routes. 

THE GLOBAL PATTERN
The cartography of the distribution of 
global containership traffic first confirms 
the importance of the round-the-world 
trunk line connecting the main economic 
centres of the world – or ‘Triade’ – in 
the Northern Hemisphere, with smaller 
routes being more north-south, south-
south, or intra-regional (Figure 1). What 
is absolutely striking is the fact that 
mega-ship traffic (illustrated in dark 
colour) remains spatially concentrated 
along the Europe-Asia route, without any 
presence elsewhere. A number of factors 
can explain such a network structure and 
specialization. First of all, the Maritime 
Silk Road has been a major highway since 
classical antiquity and continues to this 
day in the shape of the now famous One 
Belt, One Road vision of China. Secondly, 
the expansion of the Panama Canal was 
not sufficient to welcome true mega-
ships, so their circulation pattern remains 
bound to this particular segment of the 
East-West trunk line. Despite recent 
announcements in the press about the 
launch of mega-ships on the Transpacific 
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route ( nowler, 2015), the long-term 
effects of the 2009 global financial crisis 
still linger, meaning the services of major 
alliances and individual shipping lines 
have focussed on the more lucrative 
Europe-Asia segment. 

IMPLICATIONS FOR PORTS
A closer look into the Europe-Asia route 
allows us to note the port hierarchy along 
this route, as well as the share of mega-ship 
traffic compared to the total containership 
traffic of ports (Figure 2). Such results 

reveal that port size is not always reflected 
by the absolute or relative importance of 
mega-ship traffic (Table 1). Statistically 
speaking, the linear (Pearson) correlation 
coefficient between total traffic and mega-
ship traffic is only about 0.44, while the 

Figure 1: Mapping the presence of mega-ships in the global container shipping network
Source: Elaborated on Lloyd’s List Intelligence data

Figure 2: Relative importance of mega-ship traffic along the Europe-Asia route
Source: Elaborated on Lloyd’s List Intelligence data
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power-law line based on a log-log fit of 
the same variables reached only 0.38 (R ). 
The direct implication of these results is 
that differentiating factors other than size 
come to play, and these are mainly related 
to the location and function of ports. 

As a matter of fact, ports with a lower 
share of mega-ship traffic are often gateway 
ports whose main function is to serve 
hinterlands. However, this same share is 
also low at ports known to be dominantly 
transhipment ports. This is mainly because 
of the frequency and intensity of smaller 
vessel movements between hub ports 
and feeder ports, which has the effect of 
reducing the relative importance of mega-
ships. Ports that are both gateways and 
transhipment hubs, such as Rotterdam, 
Antwerp and Busan, thereby have a lower 
share of mega-ship traffic. 

It is also true of course that the quality of 
port infrastructure also plays a role also, as 
has been seen with the higher percentage 

of mega-ship traffic in angshan, Shanghai’s 
offshore hub, but this is also true in Piraeus, 
where the terminal handling company 
COSCO obtained a concession nearly a 
decade ago. Last but not least, a number of 
smaller ports exhibit a higher share of mega-
ship traffic in Europe. Ports such as dansk, 
Aarhus, Bremerhaven and Felixstowe all 
exhibit this trend. It is also witnessed in 
Asia, with the case of Dalian. Such models 
are supported by specific windows of 
opportunity, such as is the case with dansk 
in Poland, the largest port of the Baltic Sea 
in in the mid-2010s, which stands out due to 
its recent inclusion in the services of the 6 
alliance (OECD-ITF, 2016). 

T he research lead ing t o  t hese result s 
has received  f und ing f ro m  t he Euro p ean 
R esearch C o uncil und er t he Euro p ean 
U nio n' s Sevent h F ram ew o rk  P ro gram m e 
( F P / 2007- 2013 )  /  ER C  G rant  Agreem ent  n. 
[ 3 13 8 4 7]  " W o rld  Seast em s" . 
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Table 1: Top 25 ports in the world handling mega-ships, 2016
Source: elaborated on Lloyd’s List Intelligence data

Rank By total mega-ship traffic  
(TEUs)

By share of mega-ship traffic 
(% TEUs)

Port % Port %

1 Shenzhen 26.5 dansk 99.9

2 angshan 41.5 Aarhus 85.7

3 Singapore 10.5 Wilhelmshaven 67.4

4 Rotterdam 22.5 Felixstowe 47.5

5 Beilun 18.3 ing Abdullah Port 46.0

6 Busan 11.2 angshan 41.5

7 Bremerhaven 39.6 Bremerhaven 39.6

8 ianwan 17.9 Asyaport 35.1

9 Xiamen 22.0 othenburg 33.9

10 Felixstowe 47.5 Malaga 32.4

11 Port lang 11.8 Ningbo 30.9

12 Hamburg 21.3 eebrugge 29.7

13 Antwerp 15.8 Tangier-Med 27.3

14 Tanjung Pelepas 19.2 Dalian 27.2

15 Tangier-Med 27.3 Shenzhen 26.5

16 ingdao 18.7 Piraeus 28.5

17 Ningbo 30.9 Cai Mep 23.9

18 Piraeus 26.0 Dunkirk 23.2

19 Algeciras 16.9 Rotterdam 22.5

20 Dalian 27.2 hor Fakkan 22.2

21 Colombo 13.6 Xiamen 22.0

22 ebel Ali 7.7 Evyap 21.9

23 Hong ong 3.1 Hamburg 21.3

24 ing Abdullah Port 46.0 La Spezia 20.7

25 Le Havre 12.7 Fos (Marseilles) 19.6
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We understand the autonomous ship as 
a system (see Figure 1) which consists of 
three essential specific components: the 
autonomous bridge, the autonomous 
engine room, and the shore control center. 
The autonomous bridge is a compilation of 
various technologies that enable the ship 
to independently capture a nautical picture 
of the situation it faces and, based on this, 
to navigate in accordance with COLREG (the 
International Regulations for Preventing 
Collisions at Sea), e.g. to make and implement 
course and voyage decisions independently. 

The aim of the autonomous engine 
room is to equip the main and auxiliary 
units for propulsion, power generation 
and other technical tasks with automation 
technology that allows the vessel to 
operate safely without a crew aboard for a 
journey. The manned shore control center 
has the task of monitoring autonomous 
vessels and solving problems by remote 
access, if necessary. 

AUTONOMOUS ADVANTAGES
In general, there are safety-related, 
economic, and ecological advantages to 
autonomous ships. A great number of 
all maritime accidents relate to human 
error, so comprehensive on-board 
automation and seamless land-based 
monitoring will increase safety through 
a combination of assistance systems and 
remote monitoring. Further, experts 
see the main economic and ecological 
potential of unmanned vessels primarily 
in the fields of changed investment costs 
and fuel savings. Completely unmanned 
ships go without the hotel system and the 
bigger part of the superstructures. This 
saves in construction costs, and a lower 
weight and reduced air resistance due to 
superstructures contributes significantly in 
reducing fuel consumption. 

However, expenses do arise in ports, 
as many of the works that a crew would 
normally do while sailing have to be 

carried out during port stops if a vessel 
is unmanned. Overall, however, an 
autonomous ship is still better value for 
money. Recent research  shows potential 
savings of 7-10  in relation to the total life 
cycle costs of a bulk carrier. The potential, 
of course, varies greatly depending on the 
type of vessel and operating mode under 
consideration. 

EQUIPPING A VESSEL 
An autonomous bridge provides a ship 
with sensors and intelligence in such a 
way that it acquires the ability to display 
situational awareness , meaning it 

can react independently to any given 
situation. The ship can capture and 
analyze a nautical scenario and then make 
decisions based on it in order to navigate 
safely and in compliance with the rules. 
For this purpose, cameras and sound-
detecting systems, as well as algorithms 
or programmes must be available in 

WHAT IS AN 
AUTONOMOUS SHIP? 
OUR EVOLVING INDUSTRY 
Claudia Bosse and Hans-Christoph Burmeister, 
Fraunhofer CML, Hamburg, Germany 
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the autonomous bridge to enable this 
complex decision-making process (see 
Figure 2). Three essential functions are 
collision prevention, weather routing, and 
the avoidance of grounding. According to 
the EU Waterborne TP Platform, this is 
one of the critical components necessary 
to enable unmanned autonomous 
vessels.

SAFE NAVIGATION
Safe navigation involves identifying other 
ships in good time, recognizing the collision 
prevention rules to be applied to the 
situation, and reacting accordingly. It goes 
without saying that autonomous vessels 
must ensure the evasion of shallows (see 
Figure 3). In the event that an approaching 
vessel does not behave in accordance 
with the rules, the ‘manoeuvre of the last 
moment’ must be initiated.

 Weather routing is about avoiding 
heavy weather and bad weather zones. 
Strategic weather routing is carried out 
before a ship arrives in a bad weather 
area. This not only avoids stress on the 
ship and cargo caused by bad weather, but 
also saves fuel. However, it is not always 
possible to avoid bad weather areas. This 
is why a ship has to stand its ground even 
in heavy weather. In order to reduce the 
negative effects on the ship and cargo and 
to ensure the stability and safety of the 
ship, appropriate course and speed should 
be determined and controlled. 

THE AUTONOMOUS ENGINE ROOM
The autonomous engine room refers to a 
technical concept in which the main and 
auxiliary power units for propulsion, power 
generation and other on-board technical 
tasks are equipped with automation 
technology in such a comprehensive 
manner that safe and permanent 
operation is possible without direct human 
intervention onboard. Status data on 
the technical systems are continuously 
collected and transmitted to the shore 
control center. In addition, redundancies 
in the technical equipment must be 
provided in order to have replacements 
available in the event of failure of individual 
components. This is especially important 
for elementary equipment such as drives, 
power generation and steering gear. In 
the event of foreseeable damage, remote 
monitoring can then be used to forecast 
maintenance and repair requirements at an 
early stage and, if possible, scheduled in the 
nearest suitable port. 

SHORE CONTROL CENTRES
Autonomous ships are monitored in the 
shore control center. For this purpose, the 
ships are in permanent contact with the 
shore control centre wherever possible. 

A ship s movement and condition data 
is continuously transmitted to the shore 
control center, so that a real-time situation 
reading is available. Thus, reliable and 
secure communication is key to the 
success of the autonomous vessel. 

In addition, systems of a shore 
control center should be equipped with 
intelligence in such a way that technical 
and nautical situations that deviate 
from their normal state are recognized. 
Alarms should also be displayed and 

Figure 1 (top): System and components of autonomous shipping ©Fraunhofer CML; 
Figure 2 (middle): Object detection by camera and sensor systems ©Fraunhofer CML; 
Figure 3 (bottom): Visualization of an autonomous collision avoidance manoeuvre ©Fraunhofer 
CML
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decisions supported on the basis of data 
or algorithms (see Figure 4). 

Nautical officers and ship operation 
engineers man shore control centers 
to evaluate the information ships are 
producing and intervene as and when 
required. Autonomous ships can thus be 
remotely controlled by a shore control 
center in the case of unclear nautical 
situations. In the event of technical 
problems, automatic maintenance cycles 
or fail-to-safe-states can be initiated and 
individual units can be switched off. The 
technology for a shore control center is 
available in basic form. However, there 
is a need for development to integrate 
technologies into systems ready for series 
production. There is also a need for the 
further development with regard to the 
reliable, seamless and manipulation-free 
communication between ship and shore. A 
special consideration here is cybersecurity. 

WHEN WILL WE SEE AUTONOMOUS 
VESSELS? 
The issue of autonomous vessels has 
recently been taken up by a growing 
number of developers in companies, 
research institutes and universities. In 
particular, projects have been initiated 
in Finland, Norway, reat Britain, apan, 
Korea and Germany with the aim of 
gradually realizing the vision of unmanned 
navigation. Different system concepts are 
pursued in research and development. In 
the EU part-financed MUNIN project, for 
example, a concept was developed in which 
a part of an ocean voyage is unmanned. 

Promising prototypes have been created 
for key core components of autonomous 
ships, such as autonomous navigation. 
Important navigation technologies, e.g. for 
collision prevention and weather routing, 
are always available. Their integration into 
onboard systems is still open. In addition, 
new holistic sensor systems must be 
developed, integrating camera systems (and 
related technologies) in order to be able to 
transmit optical position images efficiently 
from board to land control stations. Further 
development tasks still have to be carried 
out for the safe execution of unmanned 
port manoeuvres and for the safeguarding 
of the obligatory tasks for sea rescue by an 
autonomous ship. 

With the autonomous engine room 
the core component for autonomous 
ships, there is still a great need for further 
development, since the technology 
previously used onboard is designed for 
operation with human assistance for 
monitoring, maintenance, repair and 
cleaning. Maintenance-free ships and the 
redundancy of technical systems and their 
comprehensive automation are examples 
of this.

The core question of whether there will 
be autonomous ships is usually answered 
with yes. Some experts see the year 2020 
as possible, while others see the years 
2030 to 2040 as more realistic. However, 
companies such as Kongsberg with the 
ARA Birkeland project have announced 

the challenging goal to put an autonomous 
vessel on the ocean by the end of this 
decade. 

In addition to the technological and 
economic challenges of autonomous 
ships, numerous legal regulations still 
have to be created and adapted on an 
international level. So far, only a few 
countries have opened test areas for 
unmanned vessel operation, but as the 
IMO start to investigate the topic, a rapid 
uptake of this challenge is to be expected. 
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Figure 4: Picture of a Shore Control Center ©Fraunhofer CML
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VTS, NAVIGATION, 
MOORING & BERTHING

“There is a huge opportunity for port entry, departure, 
and jetty side operations to become significantly more 
efficient, productive and sustainable. Seamless arrival 
means optimised unloading and departure. The data being 
captured currently is really only the bare minimum.”

Richard Hepworth of Trelleborg Marine Systems, page 102



Big data has the potential to transform 
our industry. Through application 
and insights, big data is creating new 
opportunities to drive innovation and 
deliver tangible operational efficiencies 
across the shipping world. But information 
alone is not enough. It is the analysis 
of this data and the actionable insights 
it provides that will move our industry 
forward and determine our future. This is 
a time of huge change for our industry. 
The advancement of automation, and the 
exponential rise in data it brings, mean 
disruption on a scale that ‘shipping’ has 
never seen before.

Trelleborg’s marine systems operation 
recently commissioned an independent 
study bringing together the latest news 
and thinking to provide a comprehensive 
overview of big data in the maritime sector. 
It includes a look at how and where these 
technologies are being implemented and 
the key application areas that will deliver 
future operational efficiencies for ports 
and terminals. 

Herein, Richard Hepworth, President 
of Trelleborg’s marine systems operation 
discusses the findings of the research to 

explore how the maritime industry can 
better understand the opportunities that 
big data offers, both now and in the longer 
term.

BIG DATA AND AUTOMATION ADOPTION
Despite 94  of maritime leaders believing 
that it is time for the industry to move 
towards smart shipping, uptake of 
automation has been slow, according to a 
survey conducted by Sea Asia. Additionally, 
according to a report by Ericsson, the 
maritime industry lags behind other 
transport industries in terms of its use 
of information and communications 
technology. Only a handful of marine 
companies currently leverage big data.

There are several benefits that the 
industry can derive through the use of big 
data. The industry generates roughly 100-
120 million data points every day, from 
different sources such as ports and vessel 
movements. Companies can analyse these 
data points to identify efficiencies such as 
quicker routes or preferred ports resulting 
in an extra 5-10%  increase in performance. 
For example, the implementation of 
Eniram’s big data analytics systems in 12 

Royal Caribbean Cruise ships resulted in 4%  
estimated annual savings (US$12 million 
annually). 

OPTIMIZING OPERATIONS
Smart technologies and robust data sets 
will empower increased efficiency through 
greater visibility into operations. Current 
overreliance on paper-based systems, 
in the absence of reliable real-time data 
may mean port and terminal owners and 
operators are failing to understand the root 
cause of delays, unable to clearly define 
problems and therefore find solutions to 
reduce operational costs and increase 
berthing capacity and throughput.

It also means ports and terminals run 
the risk of unnecessary human error 
issues and lack of transparency if there is 
an incident. With a lack of coordination 
amongst an ever expanding number of 
stakeholders, each of which has their own 
agenda, communication can be ineffective, 
costly and take far longer than necessary. 

For ship owners and operators, many 
operations at the port-vessel interface 
remain largely manual, posing hazards both 
on deck and ashore that can potentially lead 

BIG DATA 
IN THE MARITIME INDUSTRY 
Richard Hepworth, President, Trelleborg Marine Systems, Dubai, UAE
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to damage and loss to cargo, ships, cranes 
and port infrastructure not to mention, 
an unsafe environment for personnel. 
Currently, shipbuilders, ship owners and 
ports are focused on running reasonably 
efficient operations and not on running a 
highly flexible, responsive trading business 
of ‘container-as-a-community’. This means 
that there is a lack of cross-enterprise 
processes. Companies are concentrating 
on automating processes within functional 
silos instead of taking a holistic view of the 
enterprise. This prevents the true potential 
of big data from being realised.

The lack of a common platform for 
communication has long resulted in 
insufficient coordination between parties. 
For ship owners and operators, to speed 
up and increase the reliability of their 
operations, a standard interface and a 
standardized method of collecting and 
storing data is vital. 

Port approach is also a key concern 
for ship owners and operators given the 
unnecessary fuel consumption, emissions 
and costs caused by port congestion. 
The lack of data capture, and failure to 
standardise and utilise available data, is 
taking its toll on port efficiency with many 
vessels missing their berthing slots. What’s 
more, the rapid growth in vessel size 
and cargo exchanges have created new 
technical and operational challenges when 
it comes to terminal and berth allocation. 
It’s astounding, then, that considering the 
industry is facing pressure to become more 
competitive, facilities are not doing more 
to slash vessel idling times and reduce 
their overall carbon footprints. Automated 
technologies are well placed to facilitate 
superior planning and scheduling to ensure 
visiting vessels are turned around as 
quickly as possible, thereby reducing fuel 
consumption and emissions. 

THE OPPORTUNITY
While it is great to see that vessel 
stakeholders are increasingly waking up 
to the value of automation, particularly 
when it comes to landside operations, 
the importance of the interface between 
ship and port, on land and at sea, is widely 
undervalued. There is a huge opportunity 
for port entry, departure, and jetty side 
operations to become significantly more 
efficient, productive and sustainable. 
Seamless arrival means optimised 
unloading and departure. The data being 
captured currently is really only the bare 
minimum. 

The interface between vessel and 
port represents the most risky and 
unpredictable situation that occurs within 
the port environment. For instance, the 
mooring procedure alone was responsible 
for 227 reported incidents between 

2010 and 2014. While the number of 
stakeholders involved increases risk, with 
more parties comes more data points, and 
significantly more asset and performance 
data that will allow us to implement vast 
efficiencies.

At Trelleborg, we have what we 
consider a unique overview of the ‘vessel 
turnaround’ process, and data extraction 
points throughout it – both on board the 
vessel and in the port, and in the interface 
between the two. 

CASE IN POINT
In order to optimise efficiency and reduce 
downtime at a port in Oman, it required 
a complete, real-time overview of port 
approach, vessel berthing and departure. 
Trelleborg had previously supplied the 
port with uick Release Hooks ( RHs), 
Docking Aid Systems, fenders and SafePilot 
Portable Pilot Units (PPUs). However, 
while each solution provided a touchpoint 
for data collection, they were supplied 
across disparate projects, so were not 
integrated and were manually managed. 
However, integrating each of the port’s 
previously disparate port operations 
and with information presented in real-
time Trelleborg was able to provide the 
holistic oversight it requires to analyse the 
performance of assets and identify areas 
for optimization to enable efficiency gains.

THE OUTLOOK
As our industry faces a globalization 
of operators, an increasing scale and 
utilization of vessels, and an expectation 
of ever-improving efficiencies, ship port 
owners and operators must work smarter 

together to address and deliver against 
these expectations. 

According to the Global Marine 
Technology Trends 2030 report published 
in November 2015, big data analytics will 
be one of the top 18 transformational 
technologies being used by the sub-sectors 
(commercial shipping, naval and ocean) in 
the marine industry. 

The collection, analysis and actioning 
of big data will undoubtedly transform 
and increase the efficiency of day-to-day 
operations across the shipping industry in 
years to come, particularly at the interface 
between ship and port, on land and at sea. 
Therefore, those that invest now in the 
architecture that empowers collaboration 
between smart assets, will be best 
equipped to face the future.
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The International Maritime Organization 
(IMO) has made the carriage of ECDIS 
(Electronic Chart Display and Information 
System) mandatory under SOLAS V (Safety 
of Navigation) for most large vessels, with 
the deadline for entry into force, fast 
approaching on uly 1, 2018. This regulatory 
requirement should not be interpreted as 
a sign that ECDIS should simply meet the 
carriage of charts requirement, or indeed 
that any mariner should be over reliant on 
global navigation satellite systems ( NSS).

The introduction of ECDIS has led to an 
increasing debate about the importance of 
‘active’ navigation as opposed to ‘passive’ 
navigation. The mandatory use of ECDIS 
is seen to promote increasingly passive 
navigation and complacency, with paper 
charts being relegated to just ‘reference 
use’ with infrequent plotting of the ship’s 
position onto paper. As a result, too often 

NSS is being relied on as the sole means 
of navigation.

roundings or collisions are usually 
caused by a failure of situational awareness 
(alongside other contributory factors) and 
we at LOC seek to establish the causes 
by analyzing electronic data alongside 

traditional ‘contemporaneous’ evidence 
using the latest technology to examine the 
incident.

ACCIDENTS
Analysis of marine accidents shows that 
despite modern precision navigation and 
anti-collision systems, the art of navigation 
is less about knowing where you are, 
than knowing where you should not be, 
and that collisions are usually a result of 
not complying with the Regulations for 
Preventing Collisions at Sea (COLRE S) 
through a loss of situational awareness, or 
worse still, an ignorance of the provisions 
of the COLRE S.

Every master and or Officer of the Watch 
(OOW) should know what is happening 
around them, where they are and where 
they are going. 

With LOC, I investigate a wide range of 
incidents and accidents using a valuable 
tool - MADAS (Marine Accident Data 
Analysis Suite) – which was originally 
created for the MAIB (Marine Accident 
Investigation Branch) and NSTB (the 
National Transportation Safety Board).   

MADAS allows LOC’s marine investigators 

to examine a realistic reconstruction 
of the events relating to an accident or 
incident, fully integrated with the vessel’s 
instrumentation, audio, radar images and 
video (CCTV where appropriate) giving a 
reliable and comprehensive understanding 
of the chain of causation.

This enables LOC’s experts to provide 
fast and accurate advice to customers 
needing an clear presentation of any 
collision, allision, stranding, or grounding 
overlaid onto a chart, site plan or another 
geo-referenced image using a single source 
of data from AIS, VDR or ECDIS and VTS, or 
a combination of one or more.

CULPABILITY
Using this technology, I have identified 
numerous examples of cases where the 
master or the Officer on Watch (OOW) has 
failed to maintain situational awareness, 
which directly led to an incident or 
accident. For example, an investigation into 
a vessel grounding on the Sound of Mull, 
U , found that the ship had grounded on 
charted rocks, resulting in considerable 
hull damage, port propeller and rudder 
damage. 

ECDIS 
NAVIGATION IN 2018
Captain Paul Whyte, Associate Master Mariner, LOC, London, UK
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The investigation revealed that the 
passage plan had not been re-evaluated 
after delays in strong winds. Poor bridge 
team management and inadequate 
navigational practices meant that the 
bridge team did not initiate the post-
grounding checklist or musters, and the 
vessel s managers and shore authorities 
were not notified.

In another case, a different grounding in 
the same year and in the same area, the 
investigation analysis revealed that the 
OOW had lost situational awareness under 
the influence of alcohol.  There was no 
other member of the crew acting as lookout 
on the bridge to alert the OOW. The bridge 
navigational watch alarm system had been 
switched off, and the passage plan had not 
been entered into the Electronic Charting 
System (ECS), the resulting grounding 
was so severe that the ship was a total 
constructive loss. 

COAST
I recommend the useful acronym COAST 
to help promote situational awareness and 
safe speed when approaching shore. COAST 
stands for concentration, observation, 
anticipation, space and time  and it helps 
to maintain situational awareness through 
all phases of navigation, to safely complete 
a voyage ‘berth-to-berth’.  

The individual terms stand for: 
Concentration: Maintaining a continuous 

presence on the bridge, with vigilant and 
well-motivated watch-keepers showing 
courtesy and good seamanship toward 
other vessels 

Observation: Maintaining a proper 
lookout by all available means, the 
foremost of which is looking out of the 
window to correlate visual and electronic 
detection. eeping a good lookout also 
means systematically scanning the horizon, 
and moving position to open arcs of 
visibility and overcome blind spots, as well 
as to maintain alertness 

Anticipation: Making good observations 
and to foresee the point of no return 
before committing to a course of action

Space: Allowing sufficient sea room to 
maintain freedom of movement, as well 
as allowing space for alternative courses of 
action

Time: With sufficient space, the ship 
has the time to safely execute its plan with 
room to react to any changes that might 
demand alternative courses of action

ECDIS
ECDIS is undoubtedly a valuable addition 
to any ship’s bridge, but it’s not a 
replacement for navigational skills. It is 
essential that bridge crews double check 
the information against other sources, 
for example, the ‘radar image overlay’ 

and the radar parallel indexing. ‘How 
many pixels wide is the track ’ is a key 
question, as too frequently, the ECDIS 
safety depth and contour matched to 
the dynamic under keel clearance has 
not been properly considered, which will 
determine the ‘No- o’ line and width of 
safe water.  

In many cases where there’s casualties 
when the vessel was off-track, there 
was a pre-occupation with the displayed 
electronic ‘thin line’ track without knowing 
the relative proximity of shallow water 
defined by the ‘No- o’ line.

CONCLUSION  
One way to overcome the over-reliance 
on ECDIS and NSS would be for port 
state inspecting officers to be more 
robust when checking that ECDIS 
equipped ships are fully applying the 
ISM code and best practice. He suggests 
that they should look beyond the 
familiarisation training, and check that 
the company SMS properly regulates 
the ECDIS manufacturers prescribed 
bridge procedures and checklists. ECDIS 
is, he emphasizes, just a chart, albeit 
an electronic one that will continue to 
function without a continuous satellite 
derived position and so it is essential that 
users learn how to manually dead reckon 
in case of a NSS failure. 

In the end, it is only by correlating the 
ship’s position and its movement with 
all the available visual cues and different 
means of navigation that the professional 
navigator can keep the ship safe from 
grounding and collision.
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Ship berthing incidents are all too common 
at ports globally. The berthing operation 
is highly dependent on human interaction 
and many incidents have their root cause in 
this fact. As well as damage to the ship, the 
berth and quay crane incidents often result 
in injuries to ship crew and port personnel. 
The advent of larger tonnage and the 
consequent ‘cascading’ effect to smaller 
ports means that the risk is real in most 
locations. This article attempts to identify 
and address the issues that can mitigate the 
occurrence of ship berthing incidents.

The two key areas of heightened risk are 
ship manoeuvring in the port and the process 
of mooring. Manoeuvring exposes the ship 
to collisions, while mooring can result in 
injuries or fatalities to crew or mooring line 
personnel. All the factors contributing to 
such incidents can be classified as either ship 
issues or port/terminal issues.

SHIP ISSUES

MASTER
ualified and experienced masters and 

pilots are essential to the safe berthing of a 
ship. The pilot, master and bridge personnel 

clearly need good communication and a 
mutual understanding of the other’s role 
for the safe conduct of the ship in pilotage 
waters. It is important to achieve clarity so 
that the pilot may be successfully integrated 
into the bridge management team. 

The pilot’s primary duty is to provide 
accurate information to ensure safe 
navigation, while the master retains 
ultimate responsibility for the safety of 
the ship. The master and his/her bridge 
personnel have a duty to support the pilot 
and good communication between the 
master and the pilot is essential for safe 
berthing. The entire bridge management 
team bear responsibility to ensure that all 
actions are consistent with the passage plan 
and the safety of the ship, there has been 
evidence of incidents occurring because 
the master was new to the port and/or the 
pilot had not previously experienced the 
size or type of ship calling at the port.

ENGINE AND PROPULSION EQUIPMENT
Engine and/or propulsion equipment failure 
is a common cause of ship collisions. Proper 
maintenance systems and procedures 
should be established and followed, 

including strict adherence to the ship’s 
Safety Management System.

MOORING LINES
Where ropes are in poor or damaged 
condition, they should be replaced with 
spares. It is important that all ropes, wires 
and links used for mooring have a certificate, 
and it is good practice for these certificates 
to be clearly labelled and kept in an easily 
accessible file ready for inspection. Spare 
mooring ropes, wires and links should not 
be stowed with paint, chemicals, or any 
other shipboard or general cleaning items. 
Adequate spare mooring lines should be 
kept on the ship.

WINCHES
It is important that all greasing points 
are free, working correctly and have not 
been painted over so equipment can be 
maintained to the suitable standard. All 
winches should also be included in a ship’s 
Planned Maintenance System.

SHIP MOORING CREW
A number of incidents occur when non-
deck crew are deployed during mooring 

SHIP BERTHING INCIDENTS
REVEALING THE REALITY 
Laurence Jones, Risk Assessment Director, 
TT Club, Sydney, Australia

WWW.PORTTECHNOLOGY.ORG106   EDITION 77: SPRING 2018 

VTS, NAVIGATION, MOORING AND BERTHING VTS, NAVIGATION, MOORING AND BERTHING



operations. It is important to have sufficient 
personnel to be able to moor the ship 
safely and effectively. All crew should be 
trained and be familiar with the physical 
environment and the hazards associated 
with mooring operations. It is vital that 
time is taken to ensure that procedures 
are both understood and followed by the 
crew. A number of familiar factors recur in 
mooring incidents: seafarers stand in areas 
exposed to injury should ropes part. When 
crew with insufficient training take part in 
mooring operations, it is often these people 
who are seriously injured when something 
goes wrong. The ship and its equipment 
must be maintained to a high standard to 
reduce the risk of mooring incidents; all 
personnel should be adequately trained in 
the use of the correct personal protective 
equipment and adequate procedures 
should be in place, including supervision by 
a competent person. Training in mooring 
operations should be incorporated into the 
ship’s regular training schedule and include 
all personnel who may be involved.

WEATHER
Adverse weather can have a significant for 
a ship in a port environment. Wind may 
cause heading changes and leeway, failure 

to compensate correctly for wind during 
berthing is a significant cause of berthing 
incidents. The difficulty in allowing for wind 
arises from the variable effect it can have 
due to changes in a ship’s heading and 
speed. Tides, currents and the swell also 
have significant effects on a ship preparing 
to moor or sail and must be considered by 
the master and the pilot in their calculations.

NEW TECHNOLOGIES
Modern, more reliable ship engines and 
the addition of thrusters have improved 
the level of safety in ship manoeuvring. 
Furthermore, certain ports are installing 
vacuum and magnetic mooring systems that 
can improve safety by removing personnel 
from the risks inherent in mooring lines.

PORT/TERMINAL ISSUES

PILOTS
In most ports pilots are essential in assisting 
the master to manoeuvre his ship safely 
into port. Port authorities and pilots must 
ensure that appropriate training, systems 
and procedures are in place to manage the 
berthing and un-berthing of the ships that 
they may be handling, especially taking 
account of new services or larger ships.

TUGS
Similarly, port authorities need to plan for 
new services or larger ships, ensuring that 
there are a sufficient number of tugs with 
enough power. 

BOLLARDS
In many ports bollards may have been 
in place and potentially unchecked for 
decades. There is currently no international 
standard to ensure that bollards are 
sufficient in number, quality and capacity, 
as well as suitably located for the tonnage 
likely to call at each berth. Ships also need 
to have appropriate dialogues with the 
ports.

MOORING PERSONNEL
It is important to have sufficient personnel 
to be able to moor the ship safely and 
effectively. All mooring personnel should 
be trained and familiar with bights, snap-
back zones and the hazards associated with 
mooring operations.

PARKING LOCATION OF QUAY CRANES
When a ship is berthing, the safest 
location to park quay cranes is well 
away from the allocated berth. However, 
this is generally impossible due to the 
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length of berths and location of other 
operations. Furthermore, repositioning 
cranes after berthing would cause 
unacceptable delays. Therefore, the least 
risky location to park quay cranes during 
a ship’s berthing is in the centre of the 
intended berth.  As it is often the bow 
or the stern which impacts the berth, a 
quay crane parked near to the ends of the 
allocated berth will have an increased risk 
of collision. Unfortunately wherever quay 
cranes are parked along the quay they can 
be impacted by an out-of-control ship. 

WEATHER
Most port authorities have procedures 
which only allow berthing and un-berthing 
when the wind speed is below a certain 
level (generally between 20 and 30 knots). 
Procedures are also dependent on wind 
direction, tides, currents and swell. These 
procedures are to prevent damage to 
equipment and infrastructure in the port as 
well as to ensure the safety of personnel. 

Ports in regions prone to hurricanes, 
typhoons or cyclones generally have 
additional procedures to send ships out 
to sea when severe weather is forecast. 
Emergency procedures for severe weather 
may be less advanced in locations that 
historically have never had to deal with such 
conditions. Recent experience evidences 
that unfamiliar and erratic weather 

conditions are becoming more prevalent. 
Therefore, all ports should implement 
emergency procedures to send ships to 
sea in advance of severe weather – do not 
wait for an incident before developing an 
emergency plan. 

The risk of ship mooring lines breaking 
during severe weather conditions are 
substantial and only partially mitigated by 
the availability of additional mooring lines 
or tugs on standby. However, these should 
form part of the emergency response plan. 

NEW TECHNOLOGIES
Emerging technologies offering vacuum and 
magnetic mooring systems may improve 
safety and the 

securing of ships. These technologies 
negate the need for mooring lines and 
therefore remove

port and ship personnel from potentially 
dangerous situations. Once more, while 
these systems are 

not cheap, the improved safety benefits 
may justify their installation.

 In summary, monitoring and addressing 
the above issues will help mitigate the 
occurrence of ship berthing incidents. The 
stakeholders on both the ship and port/
terminal sides of the interface need to 
focus on their own issues, but also work 
together to manage the safety of people, 
assets and the environment.
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The use of simulation tools is a proven 
method for many applications in the domain 
of ship manoeuvring. It has been found 
highly useful in the form of huge full mission 
ship handling simulators for training, as 
well as for port and fairway investigation. 
These simulators, however, are designed 
based on real time simulations to mimic 
real processes as closely as possible and 
are therefore very time consuming to use. 
Tests using portable simulators on board 
ships, to try out manoeuvring concepts 
before they are undertaken in real life, have 
not been successful as they have not been 
manageable to use.

Although the IMO s e-Navigation concept 
requires voyage planning from berth-to-
berth, there are no electronic tools available 
to design an effective manoeuvring plan for 
port arrival or departure yet, or to efficiently 
demonstrate the use of manoeuvring 
characteristics. 

With this in mind, the ‘Fast Time 
Simulation’ (FTS) method has been 
developed at the Institute for Innovative 
Ship Simulation  Maritime Systems (ISSIMS 
Institute) at Wismar University in ermany. 
It has now been tested at the Maritime 
Simulation Centre Warnemuende (MSCW), 

the World Maritime University Malm , and 
the CSMART Training Centre, Almere. 

This technology is the foundation of a 
unique software system for simulation-
augmented manoeuvring design monitoring 
and conning, better known as ‘SAMMON’. 
The basic principle of this system is to 
condense full information from trial results 
into a dynamic model, capable of simulating 
wind, current and restricted water effects. 

This software has the potential to replace 
conventional paper information for the 
following reasons:
•  The simulation is carried out at a very 

high speed: the system is continuously 
calculating every second of the 24 
minutes of the vessel’s manoeuvring 
time by using innovative simulation 
methods and complex math ship models; 
the same ones used in the Full Mission 
Ship Handling Simulator

•  The simulated manoeuvres are each 
displayed in their respective sea chart: 
scaled to the ranges of that Electronic 
Navigational Chart (ENC) system and 
in the desired waterway environment 
to allow for the  precise judgement 
of manoeuvring opportunities and 
decisions for actions and discussion of 

limiting factors 
•  The smart interface allows the ship to be 

steered by a human navigator and to use 
the software for various applications

This opens up a great variety of 
opportunities for:
•  Demonstration of manoeuvring 

characteristics to familiarise crew with 
the ship, and for discussing alternative 
manoeuvring strategies. In contrast 
to the limited set of manoeuvres in a 
Manoeuvring Booklet, nearly any effect of 
a ship’s control setting and environmental 
effects can now be displayed 1

•  O ine manoeuvring forward planning: 
a new part of voyage planning involving 
developing strategies before voyages 

•  Online manoeuvring support during the 
execution of manoeuvres through dynamic 
predictions of manoeuvres related to the 
actual control handles on the bridge

•  Recording and replay for assessment of 
the execution

PLANNING FOR ARRIVAL/DEPARTURE 
Voyage planning is key to prepare for a safe 
journey. With the new FTS technology, it is 
now possible to design a full manoeuvring 
plan to ascertain possible rudder, engine 

SIMULATIONS 
FOR SHIP HANDLING TRAINING
Knud Benedict, Hochschule Wismar, Warnemünde, Germany; and,  
Michael Baldauf, World Maritime University, Malmö, Sweden
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and thruster manoeuvres, and also to 
take into consideration actual or potential 
environmental conditions 2 . 

The basic idea is to visualize and display 
the mental manoeuvring planning of an 
experienced navigator. As an example for 
creating a berth plan and briefing, here is 
an arrival for a berthing scenario: Figure 1 
shows the start of creating a manoeuvring 
plan, shown from the SAMMON planning 
module for the cruise ship Royal Princess 
which is slated for arrival at Marseille and 
berthing at Pier 163. The plan will be made 
based on a route plan (red dotted lines) 
imported from NACOS.

The smart interface of the planning 
module combines the following windows:
•  The right window: for the virtual control 

panel of the ship for adjusting the controls 
for the selected manouevre point (MP)

•  The centre window: displays the 
manoeuvring motion and status of the ship 
at the MPs and during the manoeuvres

•  The left window and top row: displays 
the status of the current actual ship 
manoeuvring data at the position of the 
next MP which is indicated as a blue ship 
with a red frame   

The planning module is shown in Create 
Mode : The red shape represents the initial 
situation at MP0. Within the module, the first 
task is to quickly find the balance condition 
by means of the control panel. This can 
easily be done by trial and error because the 
results of the control changes can be seen 
immediately in the following specs:
•  Ship is set on course CO 50  with ship 

speed SO  9.9 knots (kn), according to 
EOT 48  

•  Wind is set to 320  and 25 kn (i.e. about 
2.5 time more wind than ship speed) 

•  Therefore heading adjustment is needed 
to be about HD 44  to keep the 
course (by means of drift angle, which is 
about 6 , i.e. the swept path width can 
immediately be seen and is about 82m)

•  Additionally rudder 5 STB is required to 
prevent from turning into the wind

The predicted ship contours are displayed 
as black dotted shapes, calculated for the 
next 6 minutes from MP0 (this period can 
be changed in the left top window by up to 
24 minutes). The time slider at the bottom 
moves the blue ship shape with the red frame 
to the position where the next manoeuvre 
will start: this position will be then MP1. 
From there, the next manoeuvring segment 
will follow, and so forth, until the berth is 
finally reached.

Figure 2 presents the final version of such a 
plan where blue lines and ship shapes indicate 
the manoeuvring concept. Additional text 
windows explain the actions at distinguished 
MPs. The planning module is in Edit Mode , 
which is made to change a plan – or to display 
the settings on every MP for briefing. The 

Figure 1: SAMMON Planning Module: Route plan imported from NACOS (red dotted lines 
and circular segments) and Start of Manoeuvring Planning at MP0 (red shape); predicted 
manoeuvring track for 6 min (black dotted contours every minute) and shifted position for the 
next MP (blue shape with red frame) for the cruise ship Royal Princess

Figure 2: SAMMON Planning Module: Complete Manoeuvring Plan for cruise ship Royal 
Princess for arrival at Marseille (berthing at Pier 163), based on route plan (red dotted lines) 
imported from NACOS. The planning module is in “Edit Mode”, which is made to change a plan 
or to display the settings on every MP for briefing

Figure 3: SAMMON ‘Trail & Training Tool’ with multiple predictions. Real time simulation and 
manoeuvring prediction integrated into ECDIS with comparison of full dynamic predictions 
(black dotted ship contours) and the simple static prediction (magenta curve) together with 
planned manoeuvring track (blue line and ship shapes) 
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active focus is on MP4, where turning into the 
port starts with Rudder PT -20 , supported by 
split engines (EOT: PT -60, SB +48) to reduce 
speed and maintain steering. The ship turns 
into the wind and stops, and the following 
actions are:
•  MP5: the turning is stopped with bow 

thruster STB 50  and rudders amid ships. 
The ship starts moving astern

•  MP6: Reducing the speed astern with 
split engines (to have some reserves if 
the rudder might be needed): steering to 
the berth by bow and stern thruster

•  MP7: Stopping astern motion with EOT 
30  ahead and thruster about 30  STB 
to stop transverse motion to the pier

In addition to the planning module there is 
the Manoeuvring Simulation Trial  Training 
Module , which provides ship handling 
simulation in real time on a laptop in order 
to check and train the manoeuvring concept 
(see Figure 3) with the below features:
•  Ship steered by virtual handles on screen 
•  Display of parallel manoeuvring plan and 

predicted manoeuvres 
•  Calculation of new multiple dynamic 

prediction tracks for full ship dynamic 
simulation

•  Path Prediction  presentation as existing 
‘Look Ahead’ in ECDIS, simply taking 
the current rate of turn and speed as 
constant for the prediction time period

PORT RISK STUDIES
As an example of the use of the planning tool 
in port risk studies, two sample manoeuvres 
are compared with no wind and with strong 
wind in Rostock Port. The starting point 
is MP0 with HD  161 , the ship has to be 
turned and brought to the berth with HD  
341 . It can be seen that with 25kn wind the 
limit is reached. In the fairway, the width is 
fully used because of the drift angle for the 
final berthing. The thrusters and rudders are 
used with full power to counteract the wind 
effect, but the approaching speed of the 
drift motion towards the pier is about 0.6kn 
(for 30kn it would be over 1.5kn).

FUTURE APPLICATIONS
At this time, FTS Planning has mainly been 
used for training and developing a mental 
model for manoeuvring strategies. One 
new aspect of this manoeuvring plan is that 
it clearly represents a trainees  intention, 
meaning that the results of the manoeuvre 
execution during the simulator training run 
can be assessed against your own plan.

During the execution of manoeuvres, the 
FTS can be used in the so called Monitoring 

 Conning Module  providing high-level 
path predictions, taking into account the 
actual control settings from the bridge 
handles and real input from sensors. The 
Dynamic Prediction  immediately shows 

future tracks, overcoming the lack of 

simplified Path Prediction  which simply 
represents the current motion status only. 

There is great potential to increase 
training methods, safety, and the efficiency 
of manoeuvres on-board because all 

members of a bridge team immediately see 
the results of the control settings and they all 
share the same information. The potential of 
the new FTS method is huge, but requires 
sound training.
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Fig.4: Complete manoeuvring plans for Rostock Port scenario. Focus (data is on the left side) is 
on the red shape at the last final MP. Left: Manoeuvring plan with no wind. Right: Under strong 
wind 25 kn from 061° 
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ENVIRONMENT & 
SUSTAINABILITY

“Digitalization has the potential to radically transform 
the shipping industry and make it more sustainable 
by contributing to improved safety, environmental and 
commercial performance. Shipping is a latecomer to the 
digital world, but for a good reason: connectivity at sea has 
been limited until very recently. With improving satellite data 
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Dr Daria Gritsenko of the University of Helsinki, page 116



Shipping is the unsung hero and loyal servant 
of world trade and plays a pivotal role in 
facilitati ng many economic acti viti es. Few 
industries, businesses and consumers are not 
touched, infl uenced or aff ected by shipping, 
by virtue of the fact that 95%  of global trade 
is carried through seaborne means. Ships of 
all types and sizes carry a stunning range of 
cargoes across great distances, and facilitate 
a slew of economic acti viti es, such as 
off shore energy explorati on and producti on, 
marine tourism, and fi sheries and port 
operati ons, to name but a few.

The shipping industry is undergoing 
turbulence arising from low demand for 
new vessels, overcapacity of new ships, 
low freight rates and ti ght fi nancing. This 
situati on – which has characterized the 
industry for almost a decade since the 
global fi nancial crisis began – is against the 
backdrop of slow growth in world trade and 
a sharp cutback of acti viti es by off shore oil 
and gas companies amid low oil prices. Ship 
owners, shipyards and a host of support 
service providers are facing a torrid ti me 
from low demand for shipping services and 
thin orders for new ships.

REDUCING SHIPPING’S CARBON 
FOOTPRINT
This however has not stopped the 
momentum of the shipping industry in 
its eff ort to reduce emissions and carbon 
footprint. Although shipping is the lowest 
contributor of emissions compared to the 
other modes of transport – namely road, 
air and rail – it has not been complacent 
with its emissions level. Over the years, 
stakeholders in shipping – including ship 
owners, shipbuilders, cargo owners, port 
operators, governments, classifi cati on 
societi es, marine equipment manufacturers 
and logisti cs service providers – have put in 
a lot eff ort to curb emissions of greenhouse 
gasses ( H ) and wastes from ships, and 
to ensure shipping acti viti es do minimal 
damage to the marine environment.

These ‘green shipping’ eff orts are led by 
the Internati onal Mariti me Organizati on 
(IMO), the specialized United Nati ons 
agency responsible for clean, safe and 
secure shipping. The IMO formulates 
internati onal conventi ons, protocols and 
opti mal management practi ces related 
to how ships are built, operated and even 

decommissioned to ensure they don’t 
cause harm to the environment.

These conventi ons and regulati ons cover 
areas such as ballast water management, 
marine polluti on, as well as the use of 
anti -fouling paint on ships, H  and 
noise emissions, green ship recycling 
and environmentally safe operati ons of 
vessels. These are formulated and enforced 
to reduce the risk to the environment 
throughout the life of ships, from their 
design and constructi on to its operati on 
and eventual decommissioning.

As the off shore energy industry and port 
operati ons conti nue to rely on shipping, 
pressure is growing on shipping to further 
clean up its act and reduce its carbon 
footprint. Although shipping’s share of 
emissions from transport acti viti es is low, a 
mere 2.2  of total global emissions, eff orts 
are required to ensure its carbon footprint 
does not increase manifold in the years 
ahead.

To this end, it is encouraging to 
see serious att enti on being given to 
enhancing mariti me environmental and 
energy effi  ciency features of ships. The 

GREEN SHIPPING 
TO THE FORE
Nazery Khalid, Honorary Secretary of the Association of Marine Industries of Malaysia (AMIM), 
Kuala Lumpur, Malaysia

WWW.PORTTECHNOLOGY.ORG114   EDITION 77: SPRING 2018 

ENVIRONMENT AND SUSTAINABILITYENVIRONMENT AND SUSTAINABILITY

ENVIRONMENT AND SUSTAINABILITY
IN PARTNERSHIP WITH  

ENVIRONMENT AND SUSTAINABILITY
IN PARTNERSHIP WITH  



IMO, through its Marine Environmental 
Protection Committee (MEPC), has stepped 
up its efforts to introduce new and tighter 
regulations to lessen and minimize the 
harmful effects of ships to the environment 
over recent years. These are not only in line 
with the concepts of sustainability and good 
custodianship of the environment but also 
help ship owners reduce costs by adhering 
to environmental rules and regulations, and 
operating new environmentally friendly 
and energy efficient ships.

Despite the fact that the shipping 
industry has made significant progress in 
these areas, there is always more to be 
done in many areas to clean up shipping’s 
act from an environmental perspective. 
The pace of technological advancement, 
innovation and the introduction of new 
elements such as big data analytics and the 
Internet of Things to shipping will continue 
to reshape, influence and make its mark 
on the industry. Existing and upcoming 
regulations introduced by the IMO and 
regional governments, as well as standards 
recommended by industry players and 
N Os, will steer shipping’s development in 
the years ahead.

FORTHCOMING GREEN SHIPPING 
INITIATIVES
In addition to areas such as ballast water 
management, anti-fouling and marine 
pollution which are already governed by 
well-established conventions, rules and 
protocols, there are several areas that can 
help reduce shipping’s carbon footprint 
that can be further developed.

Impressive innovation and advancements 
can already be seen in the industry such 
as in the use of alternative fuels like LN , 
biofuel and fuel cells aboard ships. With 
pressure mounting on transport providers 
to reduce emissions, one can expect further 
developments in this area in the coming 
years. In this regard, it is encouraging to see 
that the IMO has developed a mandatory 
code known as the International Code of 
Safety for Ships using ases or other Low-
flashpoint Fuels (I F Code) which entered 
into force on anuary 1, 2017. The I F 
Code – which stands testimony to IMO’s 
intent to reduce shipping’s carbon footprint 
– aims to minimize the risk to ships, their 
crews and the environment from the use of 
cleaner fuels than bunker fuel.

The spotlight will also be on the control 
of particulate matter (PM) as it includes 
small particles and liquid droplets as one 
of the by-products of shipping operations. 
Newer information will be generated on 
the risks posed by PM used by the shipping 
industry. These include areas such as the 
impact of PM on health of seafarers and 
on the marine environment and coastal 
areas.

Another area ripe for further research 
and development is environmental 
benchmarking. This field is gaining 
traction as ship owners become more 
active in monitoring environmental and 
fuel efficiency performance. To assess the 
impact of their ships on the environment 
and to measure their use of fuel, shippers 
need reliable, accurate, simple and easy-
to-use data leading to reports. More 
research is expected to be carried out in 
this area to complement existing tools and 
systems to measure their environmental 
and fuel performance to support shippers 
in reducing emissions and optimizing 
operations. IT, telecommunications, 
data management and the Internet of 
Things will open up new frontiers in the 
development of methods in these areas to 
establish performance baselines for ships. 
Environmental and fuel benchmarking 
will gain traction as international pressure 
grows on shipping to reduce emissions of 
carbon dioxide (CO2), nitrogen oxide (NOx) 
and sulphur oxide (SOx) and as IMO and 
regulatory  

bodies like the EU begin to introduce and 
enforce new and stricter emissions controls 
and limits.

As ship owners grapple to comply with 
requirements for SOx emissions, more 
investigation can be expected to be carried 
out on exhaust cleaning solutions and their 
pros and cons versus low sulphur fuels. 
Industry players, shipping and marine 
associations and the academic community 
will step up research to gauge the economic 
benefits of using sulphur scrubbers with 
regard to the unknown risks that this 
new technology may bring, and fine-tune 
a system that can work well in a multi-
dimensional and multi-environmental 
realm.

Propulsion machinery systems are critical 
to the performance of ships. Well-designed 
systems lead to fuel savings, a reduction in 
risk of damage, greater efficiency and less 
fatigue in the performance of the propellers 
that move ships. As shipowners focus 
more on enhancing energy efficiency and 
reducing their fuel cost, one can foresee 
further research and development in this 
field to come up with the optimal propeller 
systems by enhancing the diameter and 
reducing blade surface of the propellers, 
among others.

There are other emerging areas which 
require deeper investigation to curb 
emissions from ships. These include using a 
DC power distribution system (as opposed 
to the traditional AC), improving the design 
of hybrid ships (for example, fuelled by 
LN  and electric power batteries) and the 
impact of shipping to sensitive marine 
areas such as the Arctic and waters rich in 
biodiversity. Research findings, collected 

data and innovation in these areas would 
go a long way towards contributing to lower 
emissions from ships and thereby greater 
protection for the marine environment.

TOWARDS CLEANER OCEANS
Despite the downturn in the shipping 
industry, ships will continue to be the 
preferred and most economical mode 
of transport for global trade and will 
continue to facilitate many offshore 
economic activities. As such, there will 
always be a requirement for ships, and 
shipping activities will remain firmly in 
the international spotlight. There will be a 
continued focus on the efforts, seriousness 
and commitment of its stakeholders to do 
their part to reduce the carbon footprint 
and to mitigate the harmful effects of 
shipping on the environment. 

While it is encouraging to see initiatives 
and progress made in this area, a lot more 
needs to be done if the shipping industry is 
to ensure its emissions level does not grow 
too much. In this regard, it is important 
that regulations are put in place and strictly 
enforced, and investment, incentives and 
a supportive, facilitative environment is 
made available for research to be carried 
out in areas related to green shipping. 
Stakeholders in the industry must close 
ranks and work together to come up 
with viable solutions to curtail its carbon 
footprint for the sake of the increasingly 
distressed Planet Earth.
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Since enabling technologies such as 
sensors, communication, data storage, 
advanced modelling and simulation have 
become cheaper and more reliable, 
digitalization has become a buzzword 
in shipping. The new information and 
communication technologies (ICT) are 
expected to make shipping ‘safer, smarter, 
greener’ and altogether more sustainable. 
The substantial environmental footprint 
of shipping operations has been arguably 
difficult to address due to the industry’s 
transboundary nature, in particular due 
to the existence of a so-called regulatory 
gap and weak compliance with existing 
regulation. What are the opportunities 
– and the limitations – of a sustainability 
transition in the shipping industry enabled 
by the new ICT

REGULATING SUSTAINABILITY IN SHIPPING
Since the 1960s, a complex architecture 
of international, regional and national 
agreements have been implemented in 
order to protect oceans (and the species 

inhabiting them) worldwide. Such efforts 
have recently been bolstered by private 
regulation. Public governance has been 
traditionally exercised through mandatory 
command-and-control instruments such 
as laws and regulations, yet more recently, 
market-based instruments that seek to 
incentivize certain behaviour, as well as 
soft instruments that provide information 
and guidance, took off. In addition, 
an array of codes of conduct, private 
certification schemes and corporate social 
responsibility initiatives have further 
contributed to protect global oceans, 
coastal communities, and seafarers from 
the negative effects that can stem from 
seagoing vessel operations.

Though this variety of rules creates a 
comprehensive framework for sustainable 
shipping, their implementation at 
the level of an individual vessel vary 
significantly. One of the major challenges 
to sustainability governance in shipping 
is a lack of enforcement capacity within 
the states and among the transnational 

actors to effectively monitor transboundary 
shipping. Until recently, managing many 
aspects of sustainable shipping has been 
largely dependent on self-regulation and 
voluntary compliance.

THE PROMISE OF DIGITALIZATION
Digitalization has the potential to radically 
transform the shipping industry and 
make it more sustainable by contributing 
to improved safety, environmental and 
commercial performance. Shipping is a 
latecomer to the digital world, but for a 
good reason: connectivity at sea has been 
limited until very recently. With improving 
satellite data transmission and rapidly 
decreasing costs of sensors, the door is 
opening for a maritime Internet of Things 
(IoT). What we have observed so far is just 
the tip of the iceberg – in the next decade, 
new ICT will be deployed and change the 
way shipping operates. 

‘Big data’ is a key term to describe the 
ongoing changes. Currently, usual practice is a 
noon report sent by a captain for inspections 

SUSTAINABILITY 
TRANSITION 
THE PROMISE OF DIGITALIZATION
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and port checks, but in the future there 
will be a possibility to aggregate enormous 
amounts of data and build intelligence on 
top of it. Table 1 provides an overview of 
the digitalization promises in shipping. The 
benefits of ships becoming data-smart are 
not only in new business opportunities in 
transport and logistics, but also in addressing 
ship performance, safety, and energy 
efficiency. Intelligence built on top of big 
data collected by sensors installed on ships 
opens up new possibilities for environmental 
monitoring. This new information paradigm 
could also ensure transparency, enable 
public scrutiny and make shipping more 
environment-friendly. Proactive policy 
intervention is thus required to ensure access 
to data for all relevant stakeholders. Among 
other things, digitalization will enable a 
number of new measures to improve energy 
efficiency and thereby help in decarbonizing 
the global shipping industry. Sustainability 
transition in shipping is increasingly coupled 
to digitalization and advances in big data 
methodologies. 

KNOWLEDGE INEQUALITIES
While it seems like there are big changes 
ahead for the maritime industry, not all the 
actors in the sector are within ‘innovative 
niches’, ready to adapt to the newest 
technologies. Unequal knowledge about 
new technologies, their potential and their 
disruptive effects, as well as the state-of-
the-art in research and innovation, leads 
to the fact that many actors continue 
‘business as usual’ not because of a so-
called technological ‘lock-in’ or proactive 
resistance, but rather due to negligence. 

Big data analytics is a case in point. At the 
stage of digitalization, shipping and logistics 
companies acquire sensors to equip their 
assets, as well as connect with technology 
companies who provide data transmission 
and storage. In order to benefit from the 
resulting tremendous data stream, there 
is a need to develop applications that 
can make sense of all the incoming data 
and provide meaningful information. This 
brings new players into the picture, those 
advancing the use of data to simulate, 
model, predict, and, eventually, automate 

ship operations and navigation. 
At the moment we still do not know 

whether there will be an ultimate 
technology and or an ultimate provider for 
shipping intelligence, or a universal platform 
(or multiple) for shipping data, but we 
observe many new stakeholders entering 
the shipping business. For example, engine 
manufacturers want to have control over 
the data generated by ship engines, but 
also classification societies, underwriters 
and innovative growth companies want 
access to data that will allow them to realize 
new business models, while authorities are 
interested in the same data for compliance 
monitoring. 

While we do not know how the issues 
around data control, ownership and usage 
will be organized in a few years from now, 
it is sensible to suggest that the actors who 
do not enter these conversations today are 
lacking the knowledge with regard to their 
importance. Digitalization is not the only 
game in town and many ship-owners and 
operators, especially small and medium-
sized, are concerned with the pressures 
of today. Extremely low freight rates and 
the need to operate on very thin margins 
under increasingly stringent environmental 
regulation continue to trouble owners 

and operators. Many stakeholders do 
not yet realize the scale of the increasing 
‘datafication’, and remain on the fringes 
of the digital transformation. As a result, 
knowledge inequalities create a situation in 
which many incumbent actors are outside 
of the relevant discussions and thereby 
contribute to the technological lock-in. 
Overall, this means many are unenlightened 
with regard to the ongoing information 
evolution. In this state, the power slips 
from their hands, as important decisions 
regarding big data are being made within a 
relatively narrow group of actors. 

CHALLENGES FOR POLICY-MAKING
This situation has consequences for policy-
making, as it requires a new regulatory 
design that can stimulate shipping 
sustainability transition. Big data is just 
one example of how innovative technology 
is being negotiated between innovative 
newcomers and large incumbent actors, 
while other smaller actors are left out of 
the process. Policy support would need to 
find ways to target the actors who actually 
have power to propel change – but as 
power shifts with widening knowledge 
inequalities, it will be increasingly difficult 
to devise policy instruments that matter.

Table 1. Digitalization in shipping: The Sustainability Revolution  

Area What will change

Operations efficiency Supply chains will be organized more efficiently, incl. fleet utilization, asset integrity management, 
full capacity. Maintain or reduce the present freight cost levels.

Maritime safety Navigation tools, remote and eventually autonomous operations. Reduce fatality rates by 90  
below present levels.

Energy efficiency Optimized routing, trim, fuel consumption, emission management. Reduce fleet CO2 emissions 
60  below present levels.

Monitoring and control More transparency, possibility to collect and share information beyond noon report, opportunity 
for maritime authorities to monitor compliance 24 7, e-port compliance and e-customs.
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This paper presents the most recent port 

expansion and the major dredging and land 
creation project that has been undertaken 
in the Port of Gä vle since 2007. This project 
has seen the deepening and widening of 
the fairway to accommodate larger vessels, 
as well as the construction of a new cargo 
terminal area due to open in late 2019. This 
land creation work has been undertaken 
using contaminated sediments dredged 
from deepening the shipping channel. 

LAND CREATION AND DEVELOPMENT COSTS
The port expansion project has, since 2006, 
created 390,000 metres squared (m2) of 
new land in three main areas. Two areas 
were created using stabilised contaminated 
sediments: the extended Fredriksskans area 
(60,000m2) and the extended ranudden 
area (94,000m2). These areas were created 
using the process of stabilisation and 
solidification. The third area was created 
using non-contaminated sediments and 
reused soils (236,000m2). It has been 
developed over a much longer period of 
time and is shallower, and not able to take 
the weight of large cranes.

A total of US$125 million was invested in 
the port between 2010 and 2015. The cost 

of dredging was $43 million, while the cost 
of material stabilisation for land creation 
was $17 million. Other activities relating to 
the port expansion included the creation 
of a new energy pier ($25 million), the 
building of stone walls, and improving road 
connections to the port. Between 2018 and 
2019, $83.2 million of investment has been 
allocated for further port developments.

PORT EXPANSION PHASES
The initial phase of the expansion involved 
participation in a study, part-funded 
by the EU, into a process for stabilising 
contaminated dredged sediments. That 
study, Sustainable Management of 
Contaminated Sediments, took place 
between 2007 and 2013. A 2010 field test in 
the Port of vle created land behind 100m 
of new quay walls in the ranudden area of 
the port.

In order to create the new land, sediments 
were transported to shore, and then mixed 
in a machine to produce the material to 
fill in the area behind the new quay walls 
through the use of castings (pouring the 
material into a mould). Equipment was put 
in place on the new land to monitor water 
quality for heavy metal leakage, and to 
measure the solidity of the material.

Subsequently, during the field test, 250m2 
of new quay was created at rannuden 
using contaminated muds, together with 
binding substances, which were stabilised 
and solidified within the quay line. Taking 
into account work undertaken by a Swedish-
Norwegian Consortium on the stabilisation 
and solidification of contaminated 
sediments the port developed a blend of 
binding substances including a combination 
of cement, fly ash from a local energy 
producer, and Merit 5000 (slag from a local 

steelworks; also known as MEROX) which 
created solid land capable of supporting port 
operations, containers and other machinery, 
while also containing any contaminants so 
that they are not leached into the marine 
environment. Preparatory work took place 
between 2010 and 2012, with 400,000 
million tonnes of stone and gravel used for 
the quay walls at Fredriksskans, sourced 
from an undeveloped land area adjacent to 
the port.  

The full-scale expansion project took 
place between 2012 and 2014. The Port 
Authority calculated that around 4 million 
m3 of dredged sediments would need 
to be removed within the dredging area 
of which approximately one quarter 
was expected to be contaminated with 
substances including heavy metals and 
polyaromatic hydrocarbons (PAHs) at levels 
above standards accepted by the Swedish 
Environmental Protection Agency. 

These polluted sediments were located 
mainly within the top 0.5m layer which 
consisted mostly of loosely compacted 
materials and clays, with a water content of 
around 85-90 . Ultimately, 4.2 million m3 
of dredged sediments were removed from 
around 8-10 km of the fairway - 600,000 m3 
of which were contaminated sediments. The 
remaining material (around 3.6 million m3 
of material from below the 0.5m sediment 
boundary) was disposed of in an area north 
of Holmudden, a tipping area well away 
from the main shipping channel.

CONTAMINATED SEDIMENT AS A RESOURCE
Dredged material has been used for building 
new land in a number of cases (e.g. the 
expansion of Harwich Haven); however, in 
the majority of cases the dredged material 
has been non-contaminated. In the case of 

CASE STUDY
UTILIZING WASTE  
TO CREATE NEW PORT LAND
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the Port of Gä vle, to dispose of a million 
m3 of contaminated sediments would 
have required transportation to a distant 
handling facility with high environmental 
impact and exorbitant transport costs. 

RESULTS OF THE EXPANSION PROJECT
As a result of the full-scale project more 
than 390,000m2 of new land was created 
overall. Of this, more than 154,000m2 was 
created using process stabilization, making 
it one of the largest stabilisation and 
solidification projects using binders other 
than concrete. The method of process 
stabilisation, using a mixing machine (hence 
process) rather than mass stabilisation (with 
excavators combining binders into a basin 
of sediments) was also new and innovative. 
Once created, the land was left to settle for 
two years before it could accommodate 
heavy machinery.

A new container terminal is being 
constructed in the Fredriksskans area 
of the port, expanding that area and 
doubling its capacity to 600,000 TEU. 
That new container terminal area will 

be open for vessel traffic toward late 
2019 and the ground was created using 
stabilised and solidified materials and 
measures 60,000m2. The contiguous 
area was created using non-contaminated 
sediments and reused soil, and measures 
236,000 m2. 

The ranudden terminal within the 
port is also being developed on new land 
and is similar in size to the new container 
terminal. The quay length has been doubled 
from the original 350m to 700m in total. 
The total length of future new quays that 
will be constructed alongside the two areas 
created using stabilized sediments will be 
approximately 800m.

The terminal areas are now accessible 
to much larger vessels than was previously 
possible. Prior to dredging, the fairway 
had a depth of 10.8m and was, at its 
narrowest point, approximately 60m wide. 
The new fairway depth is 13.5m and is 
126m at its narrowest point. Prior to 
dredging the fairway could accommodate 
vessels measuring 220m length, 30m wide 
(beam) and 10.1m depth (draught). The 

dimensions post-dredging are 24m x 45m x 
12.2m, respectively.

ENVIRONMENTAL BENEFITS 
The Port of vle has reduced the 
requirement for new materials. If 
constructed in a more traditional way, the 
new land areas would have needed large 
quantities of rock and gravel. Combining 
dredged contaminated sediments with 
waste from other industrial processes (fly 
ash from an energy company and merit 
from a local steel company) has created a 
new resource from waste. Contaminated 
material from the marine environment 
was rendered non-hazardous through the 
stabilisation and solidification process. 
Additionally, the project minimized the 
requirement for transportation associated 
with the expansion works. 

The reduction of emissions from road 
transport, a reduction in the use of new 
materials, and the use (reuse) of waste 
materials from other industrial sectors 
(energy and steel) can foster the sustainable 
expansion of ports. 
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At the Port of Los Angeles (POLA), air 
pollution from port-related operations is 
at its lowest in more than 12 years, while 
container volumes are at an all-time high. 
Much of this progress is the direct result 
of public agencies and private industry 
working together to develop and deploy 
clean technology and practices for moving 
cargo more efficiently.

POLA strengthened these partnerships 
under the Clean Air Action Plan (CAAP), 
which was developed with the Port of 
Long Beach, as well as other programmes 
for reducing air pollutants from mobile 
sources. POLA’s emissions inventories 
validate the dramatic results of all these 
efforts: a 57  reduction in oxides of 
nitrogen (NOx), an 87  reduction in 
diesel particulate matter (DPM), and a 
98  reduction in oxides of sulfur (SOx) 
from ships, trucks, trains, harbour craft, 
and cargo handling equipment since the 
baseline year of 2005.  

In November, the two ports finalized the 
2017 CAAP Update, which incorporates 
new goals and strategies to reduce and, 
where possible, eliminate harmful air 
emissions from port-related sources. 
The programmes below are among the 
innovative ways POLA and its public and 
private partners are collaborating to build 
on clean air progress. While serving as 
models for the maritime industry and 
goods movement around the globe, 
these partnerships also are paving the 
way for next-generation business and 
environmental solutions.

KEY PROGRAMMES

PASHA GREEN OMNI TERMINAL
Based on their shared desire to advance 
port terminal equipment technology 
in order to reduce air emissions, POLA 
and multiple private industry partners 
secured funding to launch the reen 

Omni Terminal project at POLA’s breakbulk 
terminal operated by Pasha Stevedoring 
and Terminals L.P. With a grant of more 
than US$14 million from the California 
Air Resources Board (CARB), this project 
will test pre-commercial zero and near-
zero emission technologies and serve as 
a template for the sustainable movement 
of goods throughout Southern California. 
The project will demonstrate a variety 
of green technologies and efficiency 
procedures, including zero emission 
heavy-duty vehicles, a solar-powered 
microgrid, and an at-berth vessel emission 
control system. The upgrades are expected 
to be completed by 2019.

EVERPORT ADVANCED YARD TRACTOR 
DEPLOYMENT PROJECT
Ensuring a safe, resilient, and reliable 
supply of energy while reducing energy 
costs and environmental impacts is 
another shared goal of POLA and its 

REDUCTION OF AIR 
EMISSIONS 
THROUGH PUBLIC-PRIVATE PARTNERSHIPS 
Lisa Wunder, Marine Environmental Manager,  
Port of Los Angeles, USA 
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partners.  With a $5.8 million grant from 
the California Energy Commission (CEC), 
POLA will demonstrate five pre-commercial 
B D battery-electric zero emission yard 
tractors and 20 pre-commercial capacity 
near-zero emission yard tractors equipped 
with the CARB-certified Cummins 
Westport low NOx engines (0.02 grams 
of NOx brake horsepower-hour) at its 
Everport Container Terminal. To further 
reduce greenhouse gases ( H s), the 
near-zero emission yard tractors will run 

on renewable liquefied natural gas (RN ). 
Additionally, the CEC awarded POLA a $4.5 
million grant to demonstrate two battery-
electric top handlers, three additional 
electric yard tractors, and charging 
infrastructure. The vehicles will be tested 
for a year with a final report due in 2020.

POLA/GE INFORMATION PORTAL
POLA and E Transportation are partnering 
to pilot a first-of-its-kind port information 
portal to demonstrate the benefits of 

digitizing maritime shipping data and 
making it available in real time to cargo 
owners, shipping lines and supply chain 
operators through secure, channeled 
access. The digital platform will provide 
stakeholders with greater line-of-sight and 
planning capabilities to more effectively 
service ultra-large container vessels. Cargo 
data used in the two-month pilot project 
will include filtered information from 
the US Customs and Border Protection’s 
Automated Commercial Environment 

Figure: 2005 – 2016 DPM reductions

Figure: 2005 – 2016 NOx reductions

Figure: 2005 – 2016 SOx reductions
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(ACE) system. The project is a critical first 
step toward next-level coordination within 
the industry. With an extended window of 
time for tracking inbound cargo, ports and 
terminal operators will be able to more 
effectively service vessels, optimize cargo 
movement, and improve the predictability 
and reliability of the supply chain.

CLEAN TRUCK PROGRAM
The Clean Truck Program (CTP) established 
a progressive ban on high polluting trucks, 
created a Concession Program for truck 
operators, and facilitated the replacement 
of old trucks with low-emission vehicles. 
This bold initiative – which banned all 
drayage trucks whose engines did not 
meet US Environmental Protection Agency 
2007 on-road truck emissions standards 
– accelerated the replacement of high-
polluting trucks at the port complex and 
advanced clean air progress faster than 
expected.  Today, approximately 53 per 
cent of the trucks serving POLA have 
engines that meet the 2007 standard 
and 47 per cent meet the newest and 
cleanest 2010 standard.  As a result, DPM 
emissions from trucks plummeted 97 per 
cent between 2005 and 2016. With the 
2017 CAAP Update, trucks now entering 
service to the port complex must be 
model year 2014 or newer. In 2023, trucks 
entering port service must meet near-zero 
emission requirements. A differentiated 
rate structure to encourage the purchase 
of cleaner trucks is expected to begin 
in 2020. These strategies require close 
coordination between trucking companies, 
truck drivers, technology developers, and 
other stakeholders.

TECHNOLOGY ADVANCEMENT PROGRAM
Encouraging the development of 
cutting-edge technologies has been 
crucial to achieving POLA’s aggressive 
clean air goals, as well as those set 
by other government agencies. To 
expedite progress, some standards 
were intentionally set beyond what was 
feasibly achievable with the technology 
available at the time. POLA allocates up to 
$1.5 million annually for the Technology 
Advancement Program (TAP), which 
provides funding, guidance, and staff 
support to test promising air technologies 
in a real-world port environment. Projects 
focus on all five major mobile sources of 
port-related air pollution, with the goal 
of getting successful technologies to 
market as quickly as possible. POLA works 
closely with technology developers, 
regulatory agencies, the Port of Long 
Beach, and our industry partners to 
take these technologies from testing to 
commercialization and – ultimately – 
widespread adoption. 

SHORE POWER 
In 2004, POLA was the world’s first port 
to install shore power at a container 
terminal. POLA now offers shore power 
at 25 berths, more than any other port in 
the world. Each ship call that connects to 
shore power reduces fuel consumption by 
about 6.5 metric tons, including electricity 
generation offset. Developing and 
operating a shore power system requires 
significant collaboration between shipping 
lines, terminal operators and ports. POLA 
also collaborated with ports around 
the world to develop the international 
standard for high-voltage shore power 
connection systems.

VESSEL SPEED REDUCTION PROGRAM
The Vessel Speed Reduction Program 
(VSRP) reduces NOx emissions from ships 
by slowing their speeds to 12 knots or 
less within 20 nautical miles (nm) of the 
port. The programme offers an added 
incentive for maintaining this speed within 
40nm. VSRP was established as a voluntary 
program in 2001, and POLA began offering 
ship operators financial incentives in 2008. 
Since 2001, the voluntary compliance 
rate has steadily increased each year. In 
November 2017, compliance rates were 
90  for ships within 20nm and 82  for 
ships within 40nm. In 2016, the programme 
resulted in a reduction of H  emissions 
in the San Pedro Bay of more than 93,000 
tons. Under the 2017 CAAP Update, VSRP 
continues with modifications to optimize 
incentives for emission reductions.

INTERNATIONAL COLLABORATION
POLA has been a leader in several 
international partnerships, including as 
a founding member of the International 
Association of Ports and Harbors’ (IAPH) 
World Port Climate Initiative (WPCI). As 
the central hubs for transportation and 
economics in the global supply chain, 
approximately 60 of the world’s major 
ports came together to reduce port-related 
emissions. POLA hosted the formation of 
the WPCI in 2008 and is the lead port for 
the IAPH Tool Box and Carbon Footprinting 
working groups. In March 2018, WPCI will 
become the World Ports Sustainability 
Program (WPSP). 

In 2006, POLA co-founded the Pacific 
Ports Clean Air Collaborative (PPCAC), 
a group of ports, regulatory agencies, 
shipping lines, and other stakeholders 
along the Pacific Rim, which share 
information and collaborate on air quality 
initiatives. POLA co-hosted the most 
recent PPCAC conference in Shanghai in 
November 2015, and will host the next 
conference in Los Angeles in March 2018.

In 2013, POLA became the first port 
in North America to join the WPCI’s 

Environmental Ship Index (ESI) programme. 
This programme rewards vessel operators 
for going beyond compliance to reduce 
DPM, NOx, and H  emissions and 
encourages the use of cleaner technology 
and practices ahead of regulations. POLA’s 
programme offers financial incentives 
to operators who voluntarily bring their 
newest and cleanest vessels to Los Angeles 
and demonstrate new onboard vessel 
technologies. Of all ship calls to POLA in 
2017, 56  were ESI participants and 42  
earned incentives. Today, 54 ports and 
other incentive providers and 6,157 ships 
participate in this global programme.  

CONCLUSION
Under the 2017 CAAP Update, POLA set 
new goals to advance clean air progress: 
up to 100  zero-emission cargo-handling 
equipment on terminals by 2030, up 
to 100  zero-emission drayage trucks 
entering the Port by 2035, and H  
reduction goals for 2030 and 2050. 
To meet these goals, public entities, 
regulatory agencies, and businesses must 
continue and intensify their collaboration.  
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"AI is and will continue as a game changer in all logistical 
operations. It is already having some impact, but the 
commonly cited examples hardly show off the full application 
and potential of AI. The industry’s attention is still focused 
on point solutions, often zeroing in on increasing equipment 
efficiency, rather than reimagining the problem and the 
optimal, holistic solutions to address it."

Kris Kosmala of Quintiq, page 124

DRY BULK & SPECIALIST CARGO 
HANDLING



Why is it that progress in information 
technology generates so much excitement 
in the container shipping industry, yet 
hardly gets any press when it comes 
to bulk  If you attended any shipping 
conference dedicated to bulk, all you get 
are long discussions on rates, vessels, 
China commodity import trends of that 
particular moment, and more discussions 
on rates. 

Any bystander at those conferences 
would think that bulk shipping is the 
most boring business in the world, yet 
bulk shipping is not immune to the onset 
of technologies that only a decade ago 
would be considered a flight of fancy. This 
tidal wave of technological innovation will 
be harnessed for the benefit of the ports, 
transporters, logistics companies, and the 
shippers. 

The ports must use the technology 
to address a variety of competing 
objectives: efficient management of 
diverse cargo and the maximizing of land 
use while minimizing land use conflicts 
and environmental impacts, provision of 
efficient transportation systems for the 

movement of goods in/out of port’s area, 
and improving existing processes to gain 
efficiency and reduce spending.

With so many objectives, artificial 
intelligence (AI), a term confusing 
many people in the industry, will play 
incredibly large role. Keep in mind that 
advanced software is known as “artificial 
intelligence” only until it becomes a 
casual part of everyday life. What was 
once imagined was the type of fancy 
only a human port planner could deduce. 
Yet notions such as determining the 
fastest way to unload a ship and move 
commodities off terminal lost its AI 
moniker once the TOS could do it as a 
matter of fact. 

Nonetheless, AI is and will continue as a 
game changer in all logistical operations. 
It is already having some impact, but the 
commonly cited examples hardly show off 
the full application and potential of AI. The 
industry’s attention is still focused on point 
solutions, often zeroing in on increasing 
equipment efficiency, rather than 
reimagining the problem and the optimal, 
holistic solutions to address it. 

MACHINE LEARNING
The point solution approach is partly 
driven by the machine learning (ML) 
technology underlying AI. ML is a process 
by which an advanced software system 
trains itself based on a set of historical 
examples, rather than being explicitly 
programmed with algorithms created by 
humans. ML-based applications get better 
as they acquire more data to train on and 
are programmed to modify their behaviour 
to meet specified objectives based on 
patterns discovered in the data set. 

Modern ports and ship operators use 
ML applications to optimize equipment 
maintenance and for preventative repairs. 
Cost savings might not be stellar, but in 
operations, every dollar saved is a dollar 
that drops to the bottom line.

HOLISTIC A.I.
However, looking holistically at terminal 
operations, a much better case for AI is not 
just finding potential faults in advance, but 
solving issues adversely affecting effective 
port calls and the transfer of commodities 
between the ship and land. Leaving AI to 

INTELLIGENT BULK PORTS 
UNLEASHING THE DYNAMISM
Kris Kosmala, Strategy for Business and IT, Operational Change, Improvement,  
Innovation - Vice President APAC, Quintiq, Singapore
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figure out the best plan for port access 
optimizes equipment uptime, maximizes 
efficiency, reduces cost (for the port and 
their customers), and creates an excellent 
customer experience. 

In this article, I use the example of coal 
supply chain, but similar solutions have 
been implemented in grain and chemicals 
bulk shipping.

An outbound coal terminal moving 150 
million metric tons of coal a year through 
their 10 double-sided berths provides a 
good model for understanding how AI 
works at the chain level, rather than in a 
functional silo. The port is connected to an 
extensive network of 2,500km of rail track 
linking the port to the coal mines in the 
hinterland. Inbound trains and outbound 
ships are coordinated from a single control 
room. Today, the operator is still more 
confident to keep the control room near the 
grounds of the terminal, a mile away, but 
the reality of automation is that a control 
tower” could easily be in a bunker 1,000km 
from where the action takes place. 

At any time a 60-car train is being 
unloaded, while 20 odd ships are 
concurrently loaded, we are easily 
exceeding human operator capacity for 
rapid decision making. Depending on the 
coal’s chemical properties, an algorithm 
decides where the newly arriving coal will 
be stored and how big/high the pile can 
safely be to prevent self-ignition. 

On the berth, the algorithm tries to meet 
the agreed berthing window, while deciding 
on the most efficient loading path between 
the ship and the coal piles spread around 
the port yard. Only exceptional events 
derived from calculating data reported by 
the machinery are conveyed to the human 
controllers for reaction. 

Full automation of the whole process 
of coal transport from the mining pit to 
the port and from the port to the steel 
plant is only a short step away. Australian 
mining companies demonstrated that with 
removing drivers from their trucks and 
turning their attention to running driverless 
trains between the mines and the ports. No 
need for multiple control centers, as human 
decisions can be replaced in entirety by 
algorithms synchronizing customer mine 
production with yard capacity, ship arrival
departure schedule, railcar dumpers work 
rate, and vessel loading rates.

Over the water, an inbound mixed bulk 
terminal is receiving about 20 million 
metric tons of commodities. Constrained 
yard space demands absolute efficiency in 
allocating berths, use of temporary storage, 
and transshipping the commodities 
through a rail, road and short sea network. 
Optimization of each resource (berth, yard, 
rail ramp, etc.) on its own would be an 
exercise in futility. Instead, a machine uses 

data provided by shipping companies, rail 
companies and shipper demands to shape 
the most efficient flow of commodities 
through the port. The algorithm solves a 
freight routing problem aimed at assigning 
optimal routes to move commodities 
through a multimodal transportation 
network accessible to the port. The 
algorithm considers multi-commodity 
flow routing, schedule-based rail services 
and time-flexible barge and road services, 
as well as strict carbon dioxide emissions 
regulations given its proximity to the 
densely populated areas.

THE IMPACT OF A.I. IN BULK
The cost of integrating AI into a port’s 
operation might not be low, but it offers 
long lasting efficiency gains. The same 
automation also has a profound impact on 
the efficiency of the workforce. Computer-
driven automation removes the need 
for downtime due to shift changeovers, 
meal breaks, toilet breaks, or medical 
situations. With humans away from the 
direct controls, automated precision of 
equipment movements reduces wear and 
tear, as well as fuel consumption. The next 
time you see a human driver gunning their 
front-loader around the coal yard, you will 
know what I mean.

Shipping companies should not stand by 
and watch as things develop. One area they 
can involve themselves is while vessels are 
being loaded, the trim control is still in the 
hands of the vessel’s crew and thus aided 
by a ship’s computer, but why not have 
standard interface to the port control tower 
and let that synchronize the ship’s trim 
controls with onshore loading equipment 
control? Also, on approach to unloading 
at a port, why not allow port control AI 
takeover control of the vessel speed and 
positioning for an efficient berth and yard
inland mode utilization

How effective is the investment in 
AI-based automation, a reliable data 
communications network, and the 
implementation of advanced optimization 

applications  Results so far suggest the 
annual revenues from extra capacity and 
better port usage equal about 5 times 
that of the investment made. This is worth 
keeping in mind next time you analyze the 
ROI of your port technology investments.
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The ongoing recovery within the dry bulk 
shipping industry is still in a fragile state 
despite improving market fundamentals 
in 2017. Nevertheless, BIMCO expects the 
fundamental market balance for the dry 
bulk sector to improve further in 2018, 
if operational speeds do not increase. In 
BIMCO’s most recent Road to Recovery 
market analysis, it is highlighted that 2018 
could become the first full profitable 
year since 2011 for the dry bulk shipping 
industry. However, we shouldn’t be too 
hasty, as this is mostly in the hands of 
the shipowners and their handling of the 
supply-side in terms of demolition and slow 
steaming. 

The dry bulk fleet is currently set to 
grow by 1.4  in 2018, the slowest pace 
since 1999. In combination with BIMCO’s 
expectations for demand growth in 2018 
to outstrip supply growth, the dry bulk 
shipping industry is heading for another 
year of improving market conditions.

The demand growth in 2017 was highly 
influenced by growing Chinese imports as 
coal and iron ore into China provided strong 
support to the global demand growth. 
If 2018 delivers similar demand growth 

(+ 5% ), the dry bulk shipping industry will 
experience a full year of profits. BIMCO 
forecast demand growth in 2018 of 2-3 . 
We should be aware that 2018 may not be 
quite as strong as 2017, and profits may 
not come around until 2019, if the ongoing 
recovery is not handled with care.

A stronger growth in demand than supply 
does not stick around for a long time, as 
the dry bulk fleet is expected to achieve a 
growth rate similar to the demand growth 
in 2019. Therefore, the focus in 2018 must 
be on improving the market fundamentals 
ahead of that. However, weakening 
demolition activity and higher average ship 
speeds in 2018 can hinder the recovery of 
the market. 

2017 
The earnings in 2017 ended on a high note 
but could have been even higher. The fleet 
growth was initially expected to grow by 
2  and together with a demand growth 
of 5 , the fundamental market balance 
would have improved by three percentage 
points. This would have been the strongest 
improvement since 2004. However, due 
to lower demolition activity in 2017, the 

fleet grew by 3  instead, and thereby the 
fundamental market balance was improved 
by two percentage points ‘only’.

In the most recent Road to Recovery 
update, we focused on how the industry 
has got its work cut out to avoid a prolonged 
dip in freight rates during the first half of 
2018, as volumes seasonally decline. 

It is evident after the first month of 2018 
that the strong earnings from the last 
quarter of 2017 have come to a sudden 
halt. Transported volumes in the dry bulk 
shipping industry follow a seasonal cycle 
throughout the year, with the first quarter 
usually bringing the lowest volumes 
around and the fourth quarter providing 
the highest. The low volumes are evident 
from the dip in freight rates, as freight 
rates for all sizes of dry bulk carriers were 
at break-even levels by the end of anuary, 
2018. 

Still, freight rates are slightly higher 
in anuary, 2018 compared to the same 
month in 2017, indicating a significant 
improvement to the market conditions 
in 2017. BIMCO expects that the volumes 
transported in 4, 2017 will not be 
exceeded before 3, 2018.

DRY BULK SHIPPING
WILL 2018 FINALLY SEE A PROFIT? 
Peter Sand, Chief Shipping Analyst, BIMCO, Bagsværd, Denmark
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CHINA 
China is at the center of the shipping 
industry and grew its imports in 2017 – of 
essenti ally all commoditi es – by a heft y 
margin. The stronger than anti cipated 
growth from China has been a key factor 
for the three-year high growth rate for 
dry bulk demand. As the rest of the world 
either imports a steady amount of dry bulk 
commoditi es or slows down its imports, 
China’s importance to the market becomes 
ever more evident.

Two of the key reasons for the 
strong demand growth include a faster 
substi tuti on of China’s own low-quality iron 
ore towards seaborne imports of a higher 
quality, and conti nued strong coal imports 
despite the suspension of the 276-working-
days limitati on (a reform plan put in place 
to limit the number of smaller high-cost 
miners and cut the supply glut). 

An early indicati on of 2018 demand growth 
in Chinese iron ore imports is positi ve, up by 
3 , whereas coal is likely to remain steady. 

China imported 1,053 million tonnes of 
iron ore via the sea in 2017, which is 4.7  
more compared to 2016. Furthermore, 228 
million tonnes of coal was imported by China 
via the sea, amounti ng to an increase of 12  
compared to 2016. This is due to a stronger 
than expected substi tuti on of domesti cally 
mined ore and coal for higher quality import 
of the commoditi es. China has increasingly 
sourced its coal from seaborne exporters, as 
84  of all coal in 2017 was imported from 
seaborne exporters compared to 80  in 
2016, which was highly benefi cial for the dry 
bulk shipping industry. 

The demand side results may be as 
good as it gets, with higher DP levels 
in 2018 compared to 2017. However, we 
may well see slightly lower levels of world 
trade despite higher level of economic 
activity.

 SHIPOWNERS 
Maintaining the recovery is now the key 
challenge. The demand may be as good as 
it gets, so the road to recovery is now in 
the hands of the shipowners. Shipowners 
need to handle the supply-side and ensure 
that the recovery is achieved by improving 
the fundamental balance, ensuring that 
the growth in supply does not outstrip 
the growth in demand. This is done by 

conti nued demoliti on acti vity (short-term) 
and careful placement of new orders 
(long-term). 

During 3 and 4 in 2017, freight rates 
turned profi table for all sizes of dry bulk 
ships. This meant that ships deployed in 
the spot market have been fi xed at a level 
covering operati onal expenditure and 
fi nancing costs including repayment of 
debt. This was the fi rst ti me since 2012 that 
the dry bulk shipping industry returned to 
profi table freight rates across the board. 

The surge in earnings has returned 
opti mism to the dry bulk shipping industry, 
which was evident from the reduced 
demoliti on acti vity and renewed interest in 
newbuilding during 2017. 

Changes to the fundamental market balance
2007 - 2019

Source: BIMCO estimates (2017-), BIMCO utilisation est. (2007-2019), Clarksons demand growth rates (2007-2016)
Note: Net supply growth of 24 million DWT in 2017 (+3%). Demand growth rate of 5% in 2017. 
Note: The circled years are where demand growth outstrips supply growth – improving the fundamental market balance.
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“The plan to include cybersecurity guidelines into the 
IMO’s International Safety Management code by 2021 is 
a welcome effort, albeit a belated one to say the least. 
Similarly, classification societies have started to introduce 
ship cybersecurity regimes, while at the same time, all 
of the above efforts emphasize the need for adopting 
cybersecurity into the ISPS code.”

Tuomas Kiiski of the University of Turku, page 129

CYBER RISK & SECURITY



While profoundly transforming society and 
business, digitalization has also brought 
growing cybersecurity concerns. The 
maritime business depends increasingly on 
various IT systems both at sea and in ports. 
The lobal Positioning System ( PS) and 
Electronic Chart Display and Information 
System are particularly vulnerable systems 
(1). Thus, ensuring the reliability of marine 
IT systems and their data is becoming 
increasingly important. 

Reports on cyberattacks malicious 
intrusions through the digital environment 
to access delicate information against 
various societal and business targets have 
appeared regularly in the media. The 
maritime sector has been exposed also, 
but information about these incidents 
remains scant. This article aims to depict 
these events in more detail. The events are 
divided based on their targets. In practice, 
such categorization is a simplification, 
as attacks may simultaneously involve 
multiple targets. 

ATTACKS AFFECTING PORTS
From 2001 to 2017, at least six incidents 
that affected ports directly can be traced. 
The attacks typically focus on the cargo 
management systems of port operators. 
On 20 September 2001, a denial-of-
service (DOS) attack, allegedly created by 
a teenager, temporarily shut down the Port 
of Houston (2). In August 2011, the Iranian 
shipping line IRISL was hit by an attack 
causing substantial damage (3). Between 
2011 and 2013, cargo management 
systems of the Port of Antwerp were 
manipulated during a drug trafficking 
operation (3).   

In 2014, the US Coast uard revealed 
that the PS systems of four port cranes 
at an undisclosed port in the USA were 
jammed in an incident lasting 7 hours (4), 
and a DOS attack was reportedly launched 
against the administrative systems of the 
Port of Oakland in 2016 (5).

In summer 2017, the NotPetya 
ransomware initially hit several Ukrainian 

governmental and business targets before 
spreading globally, affecting e.g. APM 
Moller Maersk’s terminals at some 80 
locations, reportedly causing damages of 
up to US$300 Million (6).  

ATTACKS AFFECTING SHIPS OR SIMILAR
Ships at sea are also susceptible to 
cyberattacks. Modern navigation relies on 
positioning systems, which has led to fears 
of jamming or altering location coordinates. 
An activity called spoofing refers to sending 
false data to navigation systems. In 2013, a 
test verified the possibility to spoof a cruise 
ship’s navigation system (7). Two alleged 
but unconfirmed incidents, both involving 
a large number of vessels, have occurred: 
in 2016 near South orea, and in une 2017 
in the Black Sea (8). 

In two other incidents, serious hacker 
involvement is suspected. In 2010, an oil rig 
on a voyage from orea to South America 
suffered a delay of 19 days due to a system 
shutdown off the coast of Africa (3). In 
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February 2017, a erman containership 
reportedly lost control of its navigation 
systems for 10 hours while sailing from 
Cyprus to Djibouti (9).

ATTACKS AFFECTING OTHER MARITIME 
RELATED ORGANIZATIONS
Other maritime stakeholders have also 
become victims of cyberattacks, including 
maritime authorities, shipbuilders, ship 
owners and maritime consultancies. At 
least three maritime authorities have been 
struck: the U  Maritime and Coastguard 
Agency in 2004, the Australian Customs 
and Border Protection Service in 2012, and 
the Danish Maritime Authority also in 2012 
(10; 3; 2). In 2013, two orean shipbuilding 
companies were subjected to malware 
called Icefog  (11). In 2016, the French 
naval contractor DCNS suffered a leak of 
new submarine construction plans (12). In 
2017, ship owner BW roup and maritime 
consultancy Clarksons reported breaches 
in their IT systems (9).   

EMAIL FRAUDS
The maritime sector is also vulnerable to a 
common type of threat arising from email 
communications. Email fraud is usually 
orchestrated through either the hacking 
of maritime executives’ email accounts 
or identity theft executed in some other 
way. Phishing refers to criminal activity 
used to obtain delicate information, 
such as bank accounts, or to solicit fake 
invoices. There have been several reported 
incidents involving shipbrokers, charterers 
and suppliers, which often resulted in 
substantial financial losses (5).  

THE WAY AHEAD
Consequently, the plan to include of 
cybersecurity guidelines into IMO’s 
International Safety Management code by 
2021 is a welcome effort, albeit a belated 
one to say the least. Similarly, classification 
societies have started to introduce ship 
cybersecurity regimes (13). At the same 
time, all of the above efforts emphasize 
the need for adopting cybersecurity into 
the ISPS code. 

Cybersecurity should not be considered 
solely as a technical issue; rather, a more 
holistic approach is needed. A recent 
cybersecurity survey by IHS Fairplay 
(9) underlined the role of crew training 
in mitigating cyber threats. Therefore, 
effective cybersecurity capability must 
possess ambidextrous features covering 
both the technological and the human side. 

CONCLUSION 
The findings show that the number of 
incidents is by no means trivial: over a 
dozen attacks around the world with 
various levels of consequence have 

occurred over the past 17 years. Very 
likely these incidents are but a small 
part of the whole, with some victims 
preferring not to publish their involvement 
in such incidents. Even this rather short 
review makes clear that cyberattacks take 

multiple forms, regardless of whether 
they are successful, in terms of coverage, 
methods used and parties involved. In the 
future, the importance of cybersecurity 
will be accentuated if and when more 
autonomous ships are deployed. 
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Following its publicati on in anuary, 2018, 
BIMCO and the Internati onal Associati on for 
the Marine Electronics Industry, and CIRM 
(Comit  Internati onal Radio-Mariti me), 
have presented the industry’s fi rst industry-
wide standard for soft ware maintenance 
to the Internati onal Mariti me Organizati on 
(IMO).

The standard on soft ware maintenance of 
shipboard equipment has been refi ned and 
developed by a joint CIRM BIMCO working 
group, with the intenti on of developing 
a document that would be eff ecti ve and 
meet the requirements of the industry. 

MAKING SOFTWARE MAINTENANCE SAFER
Ships are increasingly dependent on 
more and more integrated soft ware, and 
improving the shipboard updati ng process 
has become criti cal to ensure the safe and 
effi  cient navigati on of the vessel, as well as 
to maintain opti mum security standards. 
BIMCO has already seen incidents 

where ships have suff ered blackouts and 
malfuncti ons in their radar and navigati onal 
systems because of unforeseen diffi  culti es 
with soft ware maintenance.  

Also, cybersecurity threats are increasing 
and growing in severity. Companies must 
secure their internal networks and their 
equipment against potenti al att acks when 
soft ware maintenance is carried out on-
board. They must also ensure that their 
internal networks are protected against 
potenti al att acks during remote connecti on.

The new soft ware standard will help 
ship owners and operators to manage the 
process of maintenance bett er. It sets out a 
process to ensure that qualifi ed people are 
coming on-board at the right ti me and right 
place to perform maintenance. It allows the 
shipowner operator to confi rm whether 
they are adequately trained and to ensure 
that the ship owner operator is informed 
about the cause and eff ect of the problem 
being investi gated.

HARMONISING REQUIREMENTS
The standard on soft ware maintenance of 
shipboard equipment seeks to harmonize 
the requirements for all stakeholders 
involved in the soft ware maintenance 
process, by identi fying, planning and 
clarifying the measures necessary to 
support the maintenance acti viti es 
undertaken through the full soft ware 
lifecycle. 

HOW WILL IT WORK?
The simple aim of the software 
maintenance standard is to make sure 
that any software updates happen in a 
secure and systematic way. As a result, 
the standard sets out clear requirements 
for the stakeholders involved in the 
software maintenance of shipboard 
equipment and associated integrated 
systems for each stage of maintenance.  
These requirements cover the following 
systems: 
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•  Power generation systems 
•  Propulsion systems 
•  Control and alarm systems 
•  Navigation and communication systems 
•  Steering control systems 
•  Ship management systems 
•  Performance systems 
•  Fire and water mist systems 
•  Auxiliary systems 

The standard clearly identifies the 
various ‘roles’ involved in maintaining 
software (producer, system integrator, 
data provider, service and ship-owner) 
and covers the manufacturers, software 
houses, IT subcontractors, data suppliers, 
service providers, servicing companies, 
technicians, ship-owners, masters and 
crews, as well as providing a procedural 
flow for maintenance and an outline of the 
requirements and responsibilities of the 
five roles. A stakeholder may take on one 
or more ‘roles’.

The requirements of the standard will 
apply to stakeholders working across the 
full software lifecycle, with specific regard 
to: 
•  On-board maintenance, where software 

maintenance is performed on board the 
ship by an external service provider

•  Onshore maintenance, where shipboard 
equipment is sent for software 
maintenance to the premises of an 
external service provider

•  Remote maintenance, where the 
software maintenance is performed 
by accessing the shipboard equipment 
from a location external to the ship, via 
communication link(s)

The new standard will increase the 
visibility of the software installed on-board 
and will ensure the effective planning of 
maintenance. It will also improve effective 
communication between the different 
parties involved in maintaining it. 

The crew will need to have a complete 
list of the software versions that are 
currently running on the ship’s equipment, 
and will need to make certain that the 
equipment can display the current software 
version. Appropriate software will have to 
be developed, allowing the ship to do a 
complete roll-back to a previous software 
version if an update goes wrong. By keeping 
the software up to date, the opportunities 
for hacking will be minimized, thereby 
further enhancing safety. 

The software maintenance standard has 
been developed over a four-year period in 
collaboration with many industry leaders. 
CIRM and BIMCO started working on the 
project in 2013 and the launched pilot tests 
for the standard for software maintenance 
in 2017. 

Over the course of its development, more 
than twenty companies including shipowners, 
bridge equipment manufacturers, service 

providers and system integrators from 
across the industry have been involved in 
the standard’s development. The pilot test 
participants have included BIMCO, CIRM, 
BP Shipping, Emarat Maritime, ongsberg, 
Furuno, Maersk Line, MAN Diesel  Turbo, 
Radio Holland, and Sperry Marine.

THE NEXT STEP 
BIMCO and CIRM would like to see the 
standard become an ISO-standard in 
order to make it more robust. ISO has 
provisionally accepted the proposal and 
BIMCO expects a work group to complete 

the standard in 2021. It is BIMCO’s and 
CIRM’s hope that everyone involved in 
producing and maintaining software for 
shipboard equipment will use this standard 
moving forward. 

It is our hope that all of BIMCO’s 
members will use suppliers who use 
this standard and that the shipowners 
will adhere to it as well, for example, by 
ensuring that there is an updated software 
log on board. 

The entire standard an e re ie ed on 
O s and s e site
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