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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 
advancement and improving professional practice. 
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

Zepol provides US import and export data via an online platform. 
The data is comprised of 150 million US Customs bills of lading and 
US Census statistics. Thousands of trade professionals subscribe to 
Zepol to monitor competitors’ shipments, discover new suppliers 
around the globe, analyse markets and generate targeted sales 
leads. 
www.zepol.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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FROM THE

EDITOR

Welcome to the Embracing Automation 
edition; a jam-packed issue that offers 
a  deep ins ight  into contemporary 
automated practice and technology 
in ports and terminals. We also take a 
look into the future by charting how our 
industry is evolving and what collective 
challenges it is facing. 

This edition precedes an exciting time 
for PTI as we prepare to hold our inaugural 
Terminal Automation & Training Event. 
Many of the key speakers that will appear 
in our Q&A sessions at The Grange Hotel in 
London on June 8, 2016 have contributed 
to this edition, so please read through each 
carefully to get a feel for their specialist 
area. And fear not, as although the Terminal 
Automation & Training Event is exclusively 
for C-Level executives, every session will be 
filmed in its entirety and become available 
on the PTI website shortly after, so nobody 
need miss out on the issues discussed and 
solutions put forth. 

Contr ibutors that have provided 
papers and are also speaking at the event 
include Dr Oscar Pernia of Navis, Dr Eva 
Savelsberg of INFORM, Dr Yvo Saanen of 
TBA (who provides a special whitepaper 
centrepiece to this edition), Olaf Merk of 
the International Transport Forum, Richard 
Hepworth of Trelleborg, Neil Davidson 
of Drewry and Michael Bouari of 1-Stop 
Connections. 

This edition has been devised in a 
similar thematic structure as the event, 
so both begin with the misconceptions of 
automation before the subject is explored 
more fully and we expand on the various 
aspects of automation in its different forms. 

Each section in the journal has taken on 
an aspect of automation and/or training in 
relation to that key area, so as well as our 
usual offering, a theme of automation runs 
through the edition. 

2016 is a big year for the maritime 
industry and this is the last edition we 
will publish before the Panama Canal 
expansion is operational (if at long last 
all goes to plan) and the SOLAS container 
weighing amendment has come into force 
(this is explored in our news analysis). By 
the next time we print (September, 2016) 
the industry will have experienced two 
significant events and we hope to cover 
them both in our new medium: eBooks. 

We have published two so far this year, 
one on container weight verification and the 
other on automation, both have been very 
well received and we intend to be reactive in 
covering the breaking issues in the industry 
in the future in order to provide you with 
high quality insight in a much faster manner 
than we have in our history. 

The PTI team would like to say thank 
you to Dr Yvo Saanen and his TBA team 
for their hard work in providing PTI with 
great material on a regular basis and 
some stunning designs for the front 
cover of this edition. Special thanks also 
go to Konecranes, as their team have 
been a pleasure to work with since our 
partnership began. 

Finally I’d like to welcome on behalf 
of all of us at PTI our new partners; U.S. 
Tsubaki, Strainstall and DBIS. 

I hope you enjoy this issue and pay 
a visit to the Port Technology website to 
keep up with all the latest news and views.   

Richard Joy
Editor 

R.B.S.

PREFERRED
PARTNERS

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

8 rjoy@porttechnology.org X www.porttechnology.org
T @PortTechnology l http://linkd.in/porttech
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The time has almost come for the industry 
to face the SOLAS container weighing 
amendment, and after much deliberation, 
the wheels have begun to kick into rhythm 
with models for container weighing 
management being implemented across 
the world. Two big breakthroughs in the 
battle for universally weighed containers 
in recent weeks have been the adherence 
to the rule from China, easily the biggest 
box importing and exporting country 
in the world, along with port operating 
giants DP World and APMT. However, the 
major scalp for the uniform amendment 
was the US Coast Guard – a representative 
of whom once said the amendment was 
not mandatory – which recently approved 
the amendment for all US ports. 

With the July 1, 2016 implementation 

of the rule now a certainty, and the onus 
to ensure a container is weighed correctly 
placed firmly with the shipper, a broader 
question of regulation has come to the 
fore. Quite how the rule will be solidly 
enforced across such a vast and buoyant 
supply chain remains unclear, and until the 
rule comes into action it’s impossible to 
predict how this will play out. 

China has made the first forays into 
the nebulous area of regulation after 
announcing it will implement random 
inspections at its ports in an effort to 
ensure the rule is being duly followed. This 
is one way of regulating adherence to the 
rule, yet with each IMO member free to 
devise its own methods of regulation and 
weighing, punishments for incorrectly 
weighted containers are another area we 

will have to wait until implementation 
before we see how successful this model is 
and whether it can be universally enforced. 

The International Cargo Handling 
Co-ordination Association (ICHCA) is to 
hold a seminar a month prior (on June 
1, 2016) to the implementation of the 
amendment to discuss three main areas 
of enquiry with regards to the rule. These 
areas are compliance, communication and 
contingency planning. This will be a major 
opportunity for the industry to get some 
much needed clarification on how major 
operators, terminals, ports and authorities 
are going about implementing the rule. 

Despite the late moves to achieve 
compliance with the rule, the industry 
has had to snap into life with regards 
to container weighing and to say it 

CONTAINER WEIGHING  
CONFUSION AND CLARITY    
Richard Joy, Editor,  
Port Technology, London, United Kingdom
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HYPERLOOP: A FRESH LOGISTICS VISION

Hyperloop, a new high-speed transport 
system, recently completed tests which 
saw the system accelerate a sled to a 
speed of 116 miles per hour (mph) in 
just 1.1 seconds. The system is a new 
form of transport that aims to move both 
people and cargo by 2021 at the speed 
of sound. It has been designed to travel 
at speeds of around 700mph and current 
estimates stipulate the new system could 
transport cargo 400 miles between San 
Francisco and Los Angeles in 30 minutes. 
The idea is the brainchild of billionaire US 
entrepreneur Elon Musk.

GLOBAL CARRIERS CONFIRM NEW 
MEGA ALLIANCE

In a bid to compete with the recent 
‘Ocean Alliance’ and the 2M alliance, 
which consists of Maersk and MSC, 
Hapag Lloyd has announced that it has 
confirmed the formation of a new mega 
shipping alliance entitled ‘THE Alliance’ 
with five other Asian carriers. The alliance 
will cover all East-West trade lanes, 
including the Transatlantic and Asia-
North America East Coast routes and is 
scheduled to begin operations in April, 
2017, with partners collectively operating 
a fleet of more than 620 ships. It will 
have an 18% share of global container 
fleet capacity and will run for an initial 
period of five years.

PANAMA CANAL PREPARES FOR 
INAUGURATION

The Panama Canal Expansion has 
recently entered the next phase of its 
development with the release of its 
May, 2016 update. The construction of 
machinery rooms and control buildings 
is ongoing, with the canal reaching a 
milestone by shifting 4.4 million cubic 
metres of dirt. Also, multiple process 
control systems within the locks are 
currently being integrated to ensure that 
the canal remains competitive. With less 
than two months remaining, the canal is 
set to be inaugurated on June 26, 2016. 
Both the expansion programme and the 
third set of locks project are currently 
98% completed.

LONG BEACH VOLUMES DECLINE  
IN APRIL

Due to a decrease in consumer spending 
in recent months, the Port of Long Beach 
saw a 22.1% decline in container volumes 
for the month of April, 2016 compared to 
2015. A weak economic climate in the US 
contributed to a decline in exports, which 
were down 18%. Jon Slangerup, CEO of 
the Port of Long Beach, said that these 
declines are expected to continue as a 
result of the recent alliance formations. 
For the first four months of 2016, cargo 
volumes were down by 2.2%. The Port of 
Long Beach handled a total of more than 
478,000 TEU in April, 2016.

OBAMA: BREXIT TO PUSH UK TO BACK 
OF TRADE QUEUE

In a recent announcement made by 
Barrack Obama, President of the US, he 
argued that if Britain was to leave the 
EU on June 23, 2016, it would take 10 
years to negotiate trade deals with the 
country. Mr Obama stated that the EU 
is America’s largest trading partner and 
it would not negotiate trade deals with 
the UK faster than the EU. The UK would 
therefore be ‘pushed to the back of the 
queue’. Boris Johnson, the former Mayor 
of London, countered the statement 
by saying that this was ‘ridiculous’. 
According to current FT statistics, 46% 
of people wish to stay and 44% want to 
leave the EU.

MAERSK IN BILLION-DOLLAR  
PROFIT SLUMP

Global conglomerate Maersk Group 
recently announced that it had lost more 
than one billion dollars in profits in Q1, 
2016 in comparison to the same period 
in 2015. A profit of US$224 million was 
recorded in Q1, compared to $1.6 billion 
in Q1, 2015. The low oil price and low 
freight rates are said to be the chief 
cause of the negative result. Despite 
this, six out of eight of its businesses 
had returned to profit, with Maersk Line 
seeing $32 million in profit, as well as an 
improvement in vessel utilisation and a 
year-over-year unit cost reduction of 
16%.

NEWS IN BRIEF
By Michael King 

has been left late is something of an 
understatement. The maritime industry 
is notoriously conservative and, because 
it remains in a perennial state of flux, 
ever active. Implementing vast wholesale 
changes to the maritime supply chain 
is somewhat akin to making design 
changes to a plane while it’s already in 
flight. Perhaps this is why the container 
weighing amendment has been so tricky 
to implement and the fog of confusion still 
abounds with regards to how the industry 
will react in July. 

It worth paying heed to the fact that 
the breaking apart of the MSC Napoli off 
the UK coast in 2007 led to the container 
weighing amendment, showing the 
reactive rather than practical nature of 
the new rule. It has been ever thus for the 
SOLAS maritime treaty, the first version of 
which was passed after the sinking of the 
RMS Titanic in 1914. 

That the rule is a reactionary rather 
than a practical step, one must wonder as 
to whether the architects behind the new 
amendment foresaw the current confusion 
and latency the industry is experiencing 
and will therefore give the industry time 
to bed in to a new way of working, or 
whether the rule is immediately non-
negotiable. Either way, we are to find out 
shortly.       
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“Automation is a powerful tool to be deployed, but it is 
not a magic bullet. Rather, automation first and foremost 
delivers stability, predictability and consistency of 
performance. This is arguably much more valuable.”

Senior Analyst with Drewry Neil Davidson explores the misconceptions of automation, page  14



Automation when used in the context of 
container terminals is a broad term and 
means different things to different people. 
To some, it is interpreted in a narrow 
sense, i.e. the replacement of human 
operation of equipment with autonomous 
computer control (‘robotisation’). However, 
besides robotisation there is a raft of 
other ‘automation’ which results in the 
replacement of human activity, for example 
optical character recognition replacing 
a checker with a piece of paper or a 
hand-held computer, manually recording 
container numbers. Beyond these aspects 
there are also many other applications of 
what should strictly speaking be termed 
‘technology’ as opposed to ‘automation’, 
for example anti-sway systems in cranes. 

MANUAL BECOMES AUTOMATIC 
Some types of “automation” have been in 
place for many years and now largely go 
unnoticed; for example, vessel planning 
and container stack inventory functions 

which were once manually done are now 
computerised in almost all terminals. Other 
types of automation are also common 
such as the checking of container numbers 
and container condition (damage) using 
cameras and optical character recognition 
at terminal gate. These were once manual 
functions which are now automatic through 
the deployment of technology. 

This kind of process automation of 
background functions is largely invisible 
to the outside view. Much higher profile is 
automation of equipment whereby human 
drivers are either replaced by robotic 
systems and operate autonomously, or 
have human ‘drivers’ in a physically remote 
location from the equipment itself. The 
latter clearly has benefits in terms of driver 
safety and comfort, but does not involve 
replacing human drivers with robotics. 

AREAS OF AUTOMATION 
In terms of the physical movement of 
containers there are four main functional 

areas of a container terminal and 
automation (robotisation) can theoretically 
be achieved in any or all parts:
1. Vessel to quay (ship-to-shore movement)
2. Quay to stack (horizontal transfer 

system)
3. Yard stacking system
4. In-out gate function

Robotically operated yard equipment 
is the highest profile aspect of terminal 
automation, not only visually but also in 
terms of cost implications (both capital and 
operating) and terminal automation to date 
has mainly focused on items 2 and 3: the 
quay to stack horizontal transfer and the 
yard stacking system. 

Terminals are typically described as fully 
automated if both the horizontal transfer 
between quay and stack, and the yard 
stacking system are automated. If only 
the yard stacking system is automated 
(and the horizontal transfer remains with 
manually operated equipment), a terminal 
is described as semi-automated. 

CONTAINER TERMINAL 
AUTOMATION
PROS, CONS AND MISCONCEPTIONS
Neil Davidson, Senior Analyst: Ports & Terminals, 
Drewry, London, UK 
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PROS AND CONS
There are a number of positive drivers 
behind terminals choosing to implement 
robotic equipment control – the “pros” (in 
no particular order):
�  Greater predictability and consistency of 

operations
�  Substitution of (usually high wage) 

labour costs with capital costs. The aim 
is to achieve lower overall operating 
costs and also avoid the uncertainty that 
manual labour can bring (for example 
the potential for above inflationary wage 
increases, the vagaries of negotiations 
on manning levels and conditions and 
the possibility of disputes/stoppage/
strikes)

�  Greater safety (fewer or no humans 
present in the equipment operating 
areas)

�  Less downtime due to external factors 
(e.g. in periods of high winds, manually 
operated yards may have to cease 
operations for safety reasons)

�  Longer working hours (machines can 
operate 24/7 without the need for 
refreshment and comfort breaks, and 
have no aversion to unsociable hours)

�  Denser yard stacking as more shuffling 
can be carried out because it is less 
costly/inconvenient than manual 
shuffling

�  Greater accuracy and avoidance of 
human error

�  Potentially greener and more 
environmentally friendly (for example 
automated equipment is usually electric 
rather than diesel powered)

�  Reduction in equipment and cargo 
damage

�  Terminals do not necessarily have to 
pursue full automation. Semi-automated 
solutions exist

At the same time, terminal automation also 
has a number of downsides (or perhaps 
some would say challenges to overcome) – 
the “cons” (again, in no particular order):
�  Automation requires a high, up-front 

capital outlay, significantly more so than 
for a manual terminal

�  Automated yard equipment has to be 
added in large capacity ‘lumps’ rather 
than gradually in small increments

�  Automated terminals lack flexibility. Their 
physical layout is difficult to change once 
fixed (unless it is an automated straddle 
carrier solution), and it is fixed for the 
long term. Decisions have to be made at 
the design stage which require judging 
the terminal’s needs over decades 
ahead. The activities of the terminal and 
the needs of its customers though may 
change markedly over time

�  If activity levels temporarily fall, a 
manual terminal is more able to re-

trench (dockers can be laid off for 
example)

�  The processes carried out by a 
terminal are not necessarily stable and 
homogenous. They may be volatile 
and change over time (from minute to 
minute, day to day and year to year). 
Automation prefers a high degree of 
repetition and predictability 

�  In some locations, union resistance may 
make it difficult to achieve the full extent 
of headcount reduction that automation 
in theory offers

�  Automation is a highly bespoke task 
which varies from terminal to terminal, 
and the quality of the terminal 
management and the software behind 
the automated equipment is key, as is 
the way that it integrates with all other 
systems on the terminal

�  Automation does not necessarily 
(automatically) result in faster handling 
and higher service levels

�  Automation projects carry greater risk 
and are harder to implement whereas 
manual terminals are tried and tested

THE PRESENT SITUATION
Terminal automation is by no means a 
panacea therefore and it should not be 
regarded as inevitable that all terminals will 
eventually be automated. Sceptics argue 
that in some cases automated terminals 
perform worse than manual terminals, 
or that the required service levels and 
intensity of asset use can just as easily be 
obtained by manual terminals. At the same 
time, there are clearly some automated 
terminals that perform very well.

What is evident is that automation 
technology is advancing rapidly and the 
take up is increasing. At present, there 
are over 30 semi and fully automated 
container terminals operational worldwide 
today, with a number of others under 
development. 

In this respect, perceptions can play 
a part in some instances. Automated 
terminals are high profile assets and rightly 
regarded as state-of-the-art and highly 
advanced. There can be a temptation in 
some locations to seek to have a high 
degree of automation in order to send 
a message to the outside world about 
the level of skills and technology that an 
operator or a country can master. Critics 
argue that such moves are merely vanity 
projects although a kinder view is that they 
are a proving ground and learning process, 
and therefore a form of investment.

MISCONCEPTIONS
There are some common misconceptions 
about what terminal automation can 
achieve. One of the main ones is that 
automation ‘automatically’ results in 

faster vessel handling speeds - that it is 
some kind of cure-all. Automation is a 
powerful tool to be deployed, but it is not 
a magic bullet. Rather, automation first and 
foremost delivers stability, predictability 
and consistency of performance. This is 
arguably much more valuable.

Another common misconception is 
that automation "automatically" cures 
poor processes, but of course it does not. 
Rather, it simply results in faster execution 
of these poor processes. There is no gain 
in automating a poor process because it is 
the process itself that really matters; this 
is what has to be right. In this respect, the 
quality of the terminal management and 
the design, planning and operation of the 
‘IT brain’ software behind the automated 
equipment is key. Ultimately therefore, 
it is about humans as much as it is about 
automation.

* This paper draws upon material published 
in Drewry’s 2014 report “Container Terminal 
Capacity and Performance Benchmarks”
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In recent years, process automation has 
become a common in design guidelines for 
greenfield port planning and brownfield 
revamping. Automated quay cranes, stacking 
cranes, shuttle carries, AGVs, remote driving 
consoles and smart devices for real-time 
location systems, OCR, automated gates, 
automatic inventory and hand off systems 
have proven their efficacy and value on many 
projects. However, an economic justification 
is always required too.

This justification is based on the 
quantification of cost savings from increased 
production, increased uptime and reduced 
raw material costs, yet there are also more 
“soft” beneficial aspects such as increased 
flexibility (to be debated according to 
each project) and safer environments. The 
bottom line is always what makes a company 
more competitive. 

THE DEVELOPMENT OF AUTOMATION 
Automation has always been at the 
forefront of logistical operations after the 
first industrial revolution started with the 

introduction of the steam engine. The steam 
engine and the other enabling technologies 
such as electricity with the electric motor 
(and its derivatives) has pushed the 
substitution of manpower in manufacturing 
and, in a more broad sense, in all production 
and industrial activities. 

The coming of the computer and its 
marriage with machinery then pushed 
automation in production and assembly 
lines even further, while simultaneously 
increasing speed, precision and availability.

With larger computer capacities and more 
powerful computers, automation was able 
to spread beyond the simple substitution 
of “manpower” by “mindpower” with all 
the activities in an enterprise aided or even 
substituted by ICT. The marriage of information 
with communication has brought together 
soft and hard aspects of the production and 
logistic chain in the industrial fabric of our 
societies. For long time it was called CIM – 
Computer Integrated Manufacturing – with 
the idea that the computer could integrate all 
the industrial activities.

We know now that this integration took 
a long while and it was more difficult than 
it was thought to be at the beginning. 
However, in recent years the development 
of new software tools and the increased 
power of computer hardware has allowed 
a push forward that is bringing a real new 
revolution. We are really on the edge of a 
profound transformation, or what is called 
by some researchers as the “The Second 
Machine Age”1, that is, after machine 
substituting the body power of man, the 
machine is substituting the mind power 
of man. Sometimes this is also called AI 
(Artificial Intelligence) another form of 
automation.

AUTOMATION NOW 
Automation has many facets and has 

been and still is the key driver in the 
transformation of production. All production 
activities; whether they be in push or pull 
economical markets, are a careful balance 
between a fixed and a flexible automation. 
In order to assess the past, present and 

ECONOMIC
JUSTIFICATION 
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future of flexible automation, it is necessary 
to evaluate the production paradigms, the 
respective drivers and enablers and how 
they interact with the human and industrial 
life cycle2.

The context in which automation is 
evolving is made up of elements such as 
existing technologies, contemporary society 
and market forces. As widely agreed, the 
most relevant tendency that occurred 
during the years moved from the request for 
high volumes of undistinguished products 
to be sold at widely affordable prices, 
to the current demand for customised 
and continuously changing products. In 
parallel with this, society now demands 
environmentally friendly products while also 
pushing for the continuous modification of 
environmental laws and of products.

Four main requirements have now 
emerged that are driven by market 
competition and society:  
• The need for lower prices 
• The need for customisation 
• The need for innovation 
• The need for environmental consciousness 

 Such requirements have impacted 
production inducing three main common 
necessities, which were faced by different 
production paradigms:  
• Productivity 
• Customisation 
• Agility

It should be noted that “production” in 
this context not only includes the processes 
of transformation of matter into products, 
but also the logistic processes to transport 
the goods along the value-added-chain and 
from the end of the value-added-chain to 
the market and the consumer.

IMPLEMENTING AUTOMATION 
The term automation was introduced in 
19463 to describe the production practices 
developed, as previously described, to 
respond to a context oriented towards 
productivity and repeatable quality. 
Though introduced in the middle of the 
20th century, it is still adopted in several 
industrial sectors.

Automation, as it was said, has a different 
degree of rigidity, flexibility and agility. One 
of the first instances of flexible automation 
was in manufacturing with the so called FMS 
(Flexible Manufacturing System) consisting 
in production and/or assembly machines 
connected by transportation systems and/
or robots. A large survey4 was conducted 
among several companies that were asked 
to provide information about:
• The type of flexible system they installed
• Their experience with the system
• The most relevant future directions of 

development
The most relevant findings can be 

summarised in the following points: 

• Respondents were equally divided as 
to whether FMSs were being operated 
close to their potential performance 
(41% YES / 41% NO) and whether FMS’s 
performance had met their expectations 
(35% YES / 25% NO). 20% of FMSs failed 
and are not currently utilised 

• The industry is very dissatisfied with the 
initial capital investment in FMSs, and is 
not pleased with the cost of maintenance 

• Industry is purchasing more capacity and 
functionality than initially needed. This 
extra capacity was never utilised in 20% 
of the cases, and the extra functionality 
was never utilised in 30% of the cases 

• Although industry is interested in adding 
more capacity and functionality into the 
exiting system, they consider FMSs to be 
an expensive solution 

As can be seen by this example, the 
decision to implement automation is not 
based on pure cost factors or ROI but must 
be based on a complete evaluation of 
the requirements for present and future 
production needs.

FUTURE OF AUTOMATION 
Based on the obtained results, conclusions 
have been drawn concerning the most 
relevant topics to be addressed in the 
future. In particular, such major research 

topics were indicated as system cost 
(as this resulted to be by far the most 
important factor in future success of 
large manufacturing systems) and system 
reconfiguration capabilities (as this was 
the second ranked important issue, 
including machine modularity and the 
ease of upgrading system capacity or to 
new technologies). Consequently, future 
research should be focused on:
• Reduction of system cost
• Design of system for reconfiguration  

It is important to note that the emphasis 
on cost and the occurrence in system 
reconfigurations shifts the attention on 
the management of the entire lifecycle of 
manufacturing systems.

[1]  “The Second Machine Age”, 
E.Brynjolfsson, A.Mcafee, 2014

[2]  “Present and Future of Flexible 
Automation: Towards New Paradigms 
F. Jovane, Y. Koren, C.R. Boër, 2004

[3]  “Handbook of Design, Manufacturing 
and Automation”, Dorf, R.C., Kusiak, A., 
(edited by), 1994

[4]  “ERC/CIRP Survey on Flexible 
Manufacturing Systems”, Working Group 
on “Flexible Automation – Assessment 
and Future” meeting, Boër C.R., Koren, Y., 
Paris, January 2003
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More and more ports and terminals 
are thinking of implementi ng automated 
practi ces. This certainly promises to be 
one of the defi ning issues for ports in the 
coming decades. Although automati on 
could certainly make sense for some ports, 
this could come at a cost: social costs. 
Although trade unions do not seem to be 
categorically against port automati on, they 
can be criti cal and oft en have the power 
to seriously disturb port operati ons and 
undermine port att racti veness via strikes. 
So ports that would like to introduce 
automati on are bett er off  doing this 
without annoying trade unions. Below are 
fi ve lessons extracted from practi ces from 
ports around the world that can aid when 
dealing with automati on and powerful 
unions.

1: AUTOMATE WHEN CARGO GROWS 
This is a basic requirement for any terminal 
capacity that has been added in a port, but 
it is even more important for automated 
terminals. In the case of negati ve or 
moderate growth, a new terminal is most 
likely going to cannibalise (eat the other 

terminals by taking their cargo). If a newly 
automated terminal begins to do this it is 
likely going to mean net job losses within 
a port. 

The situati on is diff erent in the case 
of strong cargo growth: a new terminal 
can benefi t from strong growth without 
taking cargo from other terminals and 
will thereby create jobs, considering that 
fully-automated terminals also need staff , 
albeit less staff  than a non-automated 
terminal would have created. This cyclical 
eff ect is a double edged sword: periods of 
slow cargo growth are generally economic 
downturns in which unemployment rates 
rise; therefore regional job losses are all 
the less desirable. The 2016 port strike 
in Rott erdam can be explained in these 
terms: automati on of the two automated 
container terminals of Maasvlakte 2 would 
have passed more easily if they would have 
started in a strong growth era, as opposed 
to automati ng in a turbulent market.

2: PRIORITISE GREENFIELD AUTOMATION
There are two reasons why it makes more 
sense to automate greenfi eld ports or 

terminals than existi ng terminals. Firstly, 
automati ng an existi ng terminal always 
means fi nding a soluti on for people that 
may become redundant. Someti mes this is 
unproblemati c (for example when there is 
a port-wide deal for workers) but most of 
the ti me this is not the case. The second 
reason – which is unrelated to trade 
unions – is that automated terminals have 
diff erent equipment, such as automated 
guided vehicles (AGVs) and automated 
stacking cranes. Therefore most terminals 
cannot simply retrofi t their equipment, but 
would have to replace equipment, and this 
can be costly. Moreover, getti  ng the most 
out of automati on would require a special 
terminal design.

3: INTEGRATE AUTOMATION WITH LABOUR 
CONDITIONS
This is what made automati on in the 
1990s at the ECT terminals in Rott erdam 
acceptable to unions. Within the same 
negoti ati on on automati on, an agreement 
was reached on bett er pay and early 
reti rement programmes for existi ng 
workers. Many unions understand that 

AUTOMATING PORTS 
MITIGATING  UNION FRICTION 

Olaf Merk, Administrator: Ports and Shipping, 
ITF/OECD, Paris, France 
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automation cannot be stopped, but they are 
often prepared to push for postponement 
as long and as hard as possible. Adding 
some sweet to the sour can do miracles in 
assuring a smooth implementation. 

4: OFFER A SHARE OF PRODUCTIVITY 
GAINS
This is a measure in line with the approach 
described above: give workers an incentive 
to actually actively like automation. One 
way to do this could be to offer workers 
a share in the productivity gains from 
automation. This has been done at 
the Container Terminal Altenwerder in 
Hamburg, where worker pay is linked 
to the overall productivity gains from 
automation and individual productivity. 
Ways to guarantee that such productivity 
gains actually materialise is to school and 
upgrade existing terminal workers to be 
part of the new automated terminal.

5: COMMUNICATE WITH TRADE UNIONS 
Stronger unions are an advantage rather 
than a disadvantage to terminals because 
they can be effective intermediaries to 
implement change. This is unfortunately 
not well understood very often. There are 
cases of port automation where the main 
motivation seems to be to get rid of unions 
and this obviously creates immediate 
suspicion and tension. As a side-remark: 
one of the motivations for introducing 
remote ship-to-shore crane operators 
could be to make port workers less 
militant, transforming dockworkers into 
office workers. Different job types and less 
port workers certainly poses challenges for 
the survival of port-based trade unions. 
However, automation is never a remedy 
for bad relations between a port and a 
trade union. Involving unions at an early 
stage when considering automation will be 
more effective than forcing it upon them; 
building trust is essential. 

SUMMARY
One could wonder if the timing is right for 
massive full-scale terminal automation. 
The main critical factor is sluggish global 
trade growth; that makes everything more 
complicated. In that context, automation 
will imply job losses when unemployment 
is rising in a general context. A gloomy 
outlook also means that the development 
of new terminals will be put on hold. 
Therefore automation would have to take 
place in existing terminals, which is more 
complicated. Add to this the challenges of 
mega-ships, which require great flexibility 
to adapt to cargo peaks. Automation adds 
fixed costs to terminal operations; adapting 
to inconstant mega-ship peaks might 
require more flexibility that labour pools 
could actually provide a better service for.
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The expansion of the Panama Canal and its 
impact on global trade has been discussed 
quite extensively over the last five or more 
years in the port, maritime and logistics 
world. In the US, the discussion has largely 
focused around the potential impact for West 
Coast ports and transcontinental rail, as well 
as preparations at US East and Gulf Coast 
ports to accommodate the new and larger 
vessels. Ports in areas of Latin America and 
the Caribbean have also had visions of upside 
growth fueled by the potential of larger 
vessels and the opportunity associated with 
changed vessel route patterns. The very long 
lead time ahead of this massive infrastructure 
project is nearly complete, and we shall begin 
to see the extent of real-world supply chain 
adjustment. With a focus on North America, 
this brief article provides a summary look 
behind the issue of seaport competition to 
review how an expanded canal may be an 
influencing factor for some global corporate 
supply chains.     

For more than a century now, the Panama 
Canal has enjoyed a prime location at the 

crossroads of two oceans and two continents 
as the fastest all-water route between Asia and 
the eastern areas of North and South America. 
With the lock expansion now nearing its final 
stages, the expanded canal will provide new 
options for supply chain managers, including 
both in-house and outsourced logistics 
managers. The issues are far more complex 
than pure transportation considerations and 
instead reference a wider set of company and 
sector-specific supply chain considerations 
including sourcing/procurement strategy, 
customer market development strategies, 
and decision-making around production 
centers and distribution facilities. The net 
result of these amalgamated decisions over 
time could have dramatic impacts on ports, 
railroads, industrial property and for regions 
that will suffer or benefit from changes.

PLANNED OPENING AND PROGNOSTICATIONS 
As is well-understood in the shipping and 
logistics industries, the expansion of the canal 
will allow for larger vessels that provide per 
unit cost efficiencies, and offer the physical 

option to cross between the Pacific and the 
Atlantic is perhaps part of a larger supply 
chain evolution. More than 100 neo-Panamax 
ships have already made reservations 
to transit the waterway's new larger 
infrastructure following the opening and the 
COSCO Shipping container vessel Andronikos 
is scheduled to make the first transit through 
the Canal on June 26, 2016. So after a long, 
long wait the moment of truth is upon us.  

For inbound to North America cargo from 
Asia, direct ocean transit has been the fastest 
pattern for cargo, shipped to West Coast ports 
and moved eastward by rail or truck. There 
has been much debate about the impact 
of the expanded canal on this pattern, with 
many suggesting that the impacts could be 
quite significant, with some guessing that 25% 
of imports currently traveling through the US 
West Coast could change travel patterns to go 
through the expanded canal instead. Perhaps, 
but this tends to gloss over the how shippers 
in tandem with their outsourced logistics 
partners will blend a wider set of supply chain 
issues for their specific business.

THE PANAMA CANAL 
EXPANSION 
COMPLETION IS FINALLY UPON US 
Adam Wasserman, Managing Partner, Global Logistics Development, Arizona, USA 
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SUPPLY CHAIN MANAGER PERSPECTIVE
An expanded Panama Canal will provide 
some corporate managers powerful new 
flexibilities by introducing fundamental 
supply chain options that were previously not 
available. New options can sometimes have 
a function of increasing complexity – which 
isn’t necessarily good but as part of a wider 
and sometimes quickly changing supply chain 
puzzle, more flexibility can be a potent driver.  

Keeping in mind that today’s senior 
corporate supply chain manager has a wider 
and more interconnected remit than ever 
before, their roles are now integral to much 
more than minimising transit time and 
cost, and increasing reliability for product 
movements. There are an array of issues that 
set the backdrop for today’s corporate supply 
chain decision-making including market 
migration, technological product evolution, 
and competition and regulatory changes. 
These issues set the direction for strategic 
corporate planning decisions regarding 
sourcing markets, new/expanding clients 
markets and manufacturing and distribution 
site locations.  

A fundamental shift will significantly 
change the region-of-origin orientation of the 
two North American coasts. Today the west 
is largely focused on Asia and the east on 
Europe with both more modestly focused on 
the Americas. Going forward, Asian imports 
will be more prevalent in eastern ports in 
part because of the Panama Canal, but more 
importantly because the Asian manufacturing 
center-of-gravity continues to shift westward 
toward India and then through the Suez.

As we think about supply chain issues we 
must refer to certain specific and related 
challenges on the West Coast. West Coast-
market distribution centers are being pushed 
out further from the ports themselves. Today, 
it's difficult for an importer to build a large 
distribution center with easy proximity to 
the San Pedro ports. The current example of 
the World Logistics Center’s legal challenges 
to develop their mega-logistics hub tells 
the story. Transport congestion is another 
important consideration for supply chain 
managers, with road transport becoming 
more challenging in California and this is not 
likely to get easier. With that said, the Ports 
of Los Angeles and Long Beach are reviewing 
ways to use rail for the intra-regional move 
to distribution hubs within say 100 miles - 
which could on its own change West Coast 
competitiveness quite a bit. 

GLDPartners is working with a range of 
sectors that are reviewing how the Panama 
Canal could impact their business. Below are 
some supply chain scenario examples: 

MANUFACTURING AND DISTRIBUTION 
• With changes in lower-cost manufacturing 

points seeing shifts from East Asia (Japan-
Korea-China) to other Asian countries such 

as Indonesia, Vietnam and India, many 
corporate supply chains are sourcing 
from multiple Asian locations. This means 
that some companies are now managing 
two very separate supply chain systems 
which is taxing and complicated. We 
don’t see this as a sustainable situation 
for some companies and depending on 
their locations in North America, some 
may review alternatives. We see that 
the new canal can provide an outlet for 
some to provide better inflow or outflow 
management.  Because of higher flows 
through the Suez and the potential for 
Asian-origin vessel strings directly to east 
coast ports, some sectors may find it 
easier to assemble, customise or manage 
inventory in the US with components 
coming from both east and west

• We expect that the expanded canal will 
prove to be a driving factor in a new 
wave of both regional and super-regional 
distribution center capacity in the US, 
particularly in the Southeast. Not only will 
more facilities be needed, but distribution 
networks are already undergoing a 
significant shift in anticipation of this. 
We foresee an evolution from super 
distribution centers to a hub-and-spoke 
model of smaller DCs. A driving force is the 
high cost of energy and the low efficiency 
of less-than-truckload shipments typical 
of the large DC model. Ecommerce is 
yet another story and its march forward 
continues unabated

• Panama is clearly hoping to become a 
convergence point and not simply a transit 
pass-through.  As we understand the 
specific nuances of the disbursed supply 
chains referenced above and others, there 
is additional credence to this possibility, 
at least for certain supply chains where 
it makes sense. We don’t see Panama 
being an answer for everyone, but if the 
on the ground business competitiveness 
can be demonstrated, it could work for 
some, especially of those chains that 
have a growing Latin American supply or 
consumption element.  We’re thinking 
about food, and some electronics, just as 
examples

• Depending on inbound flows from the 
likes of ecommerce goods movements, 
there are likely to be new kinds of backhaul 
opportunities to Asia from the US Gulf and 
Eastern Coasts. Some industry sectors in 
these US locations have not had much 
opportunity in this and in our field of view 
this will benefit a range of export sectors

AGRICULTURE
• Shippers are likely to benefit from 

decreased accessorial or specialised 
charges: perishable foods from South and 
Central America may no longer need to 
be transported on “reefer” ships to the 

US East Coast – the shorter transit times 
through the canal may permit shipment 
in regular containers. This could lead to 
food processing activity in the vicinity of 
the destination port due to changed raw-
processed-product dynamics

• For grain transport from the Midwest US 
to Asia. With the maximum capacity of 
ships able to traverse the Panama Canal 
set to more than double, there is much 
more incentive for the growers in the 
US to sell grains to Asia. If vastly more 
product can be loaded onto a ship, then 
this makes the shipping process easier 
and less expansive per unit shipped. That 
suggests impact to crop and supply chain 
for domestic consumption

Independent of logistics issues, over the 
past 10-20 years there have been some pretty 
structural changes to a number of global 
supply chains and the new canal will provide 
some supply chain managers helpful new 
options. For the majority, we don’t foresee 
a dramatic shift in the short-term from the 
current supply chain patterns as the system 
works pretty efficiently for the majority. Over 
time, and with California becoming perhaps 
less competitive and more challenging for 
various shippers and manufacturers, this 
could change.
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DIFFERENT SPEEDS IN REGIONAL 
GROWTH 
Only 25 years ago the container port system 
in mainland China was still in its infancy 
stage. During that time, Hong Kong acted 
as the only container gateway to China 
and the Taiwanese ports of Kaohsiung and 
Keelung benefited from Taiwan’s economic 
success in international trade. In May 
1980, the Chinese government established 
the Shenzhen Special Economic Zone, the 
first special economic zone in China. 

By the late 1980s, mainland Chinese 
ports in the Pearl River Delta saw the 
first fruits of this opening up policy. 
Growth dynamics slowly started to shift 
from Taiwan to the Delta following port 
development in Shenzhen, Guangzhou 
and later also in other ports. As a result, 
the Pearl River Delta recorded an average 
annual growth of 19.3% between 1985 
and 1995. The market share of the Delta 
peaked in 1995 at 55% (see Figure 1). In 

the ten following years the Delta’s growth 
remained high with traffic increases of 
between 12 and 13% per year. 

The Chinese government developed 
a strong focus on Shanghai in the mid-
1990s. As a result the Yangtze River Delta 
emerged as the most prominent container 
growth region in China reaching an 
elevated average annual growth of 30% 
in container throughput between 1995 
and 2005. The region increased its market 
share in combined China/Taiwan/Hong 
Kong container traffic from 5.6% in 1995 
to 30% in 2008, with Shanghai and Ningbo 
as the main growth engines. In the early 
1990s, the Shanghai Port Authority started 
to convert general cargo terminals into 
container terminals, building dedicated 
container terminals at the Waigaoqiao 
area. Efforts were also made to build the 
Waigaoqiao area into a procurement and 
distribution centre for the Asia Pacific 
Region. The capacity problem and the lack 

of deep-water berths in the beginning 
of this millennium were solved by the 
construction of a new port at the Yangshan 
islands, 100km south of Shanghai and 
30km offshore. In December 2005, phase 
one was opened. Phase four is planned to 
be completed in 2017 and should bring 
the port’s container handling capacity to 
40 million TEU. 

The centre of gravity in container growth 
is no longer only in the Yangtze River Delta. 
The strongest growers are now to be found 
in northeastern China, more in particular 
in the Bohai Bay area consisting of the 
Shandong, Jin-Ji and Liaoning port regions. 
This not only includes larger ports such as 
Dalian, Tianjin and Qingdao, but also a lot 
of new kids on the block such as Yingkou, 
Dandong, Yantai, Rizhao and Tangshan. 
At the same, we see a recovery in the 
relative importance of the Taiwan Strait, 
mainly driven by growth in the mainland 
Chinese port of Xiamen and spurred by the 

THE CHINESE CONTAINER  
PORT SYSTEM
COMPETITION AND COOPERATION
Professor Theo Notteboom, PortEconomics, Dalian Maritime University, Dalian, China; 
Ghent University, Belgium; Antwerp Maritime Academy, Belgium; and University of Antwerp, Belgium
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start of direct cross-Strait sea transport 
services on December 15, 2008. The 
Taiwanese Ministry of Transportati on and 
Communicati ons (MOTC) reported that in 
2014 direct cross-Strait container traffi  c 
amounted to 2.48 million TEU compared 
to 1.56 million TEU in 2009 the year aft er 
the opening up of direct services. 

CHINA COMPARED TO NORTH AMERICA 
AND EUROPE?
Recent reports suggest that Chinese 
container ports are feeling the full impact 
of the Chinese economic slowdown and 
the weak global economic situati on. How 
signifi cant is the slowdown in container 
throughput in Chinese gateways and how 
do the fi gures compare to the situati on in 
other key container port regions around 
the world?    

Figures 2 and 3 show the evoluti on 
of container throughput and the year-
on-year growth rates in the three main 
container port regions in China. We 
compare these volume dynamics with 
some key port systems in North America 
and Europe: the port system along the 
North American West Coast including 
ports such as Seatt le/Tacoma, Vancouver, 
LA, Long Beach and Oakland; East Coast 
ports such as Norfolk, Charleston, New 
York/Ney Jersey, Balti more, Savannah 
and Halifax; the Hamburg-Le Havre port 
range consisti ng of key north-European 
container ports such as Rott erdam, 
Antwerp, Hamburg, Bremerhaven, Le 
Havre, Zeebrugge and Wilhelmshaven; 

and the West Mediterranean including 
Spanish, French, Italian and Adriati c Med 
ports.

The Pearl River Delta shows a much 
lower growth rate than the two other 
Chinese port regions. Since 2004, its 
growth patt ern is very similar to the one 
observed in the Hamburg-Le Havre range. 
Actually, aft er the fi nancial crisis year 
2009 year-on-year growth in the Pearl 
River Delta is even slightly weaker than 
in the considered European and North 
American port systems. It remains the 
most important container port region in 
the world, but recorded a modest traffi  c 
decline of 0.7% in 2015 mainly as a result 
of the weaker performance of Hong Kong. 
Shenzhen is now the largest port in the 
Pearl River Delta, and even Guangzhou is 
fast closing in on Hong Kong.    

The Yangtze River Delta recorded 
elevated annual growth rates of 15 to 40% 
before the economic crisis. Since 2011 
container volumes have increased by a 
much more modest 4 to 7% per annum. In 
2015 growth reached 5.2% with Shanghai 
+3.4% and Ningbo +6% and slightly higher 
growth rates for river ports Nanjing and 
Suzhou. The Yangtze River Delta handled 
close to 65.2 million TEU in 2015 and 
is now just behind the Pearl River Delta 
which recorded a throughput of 65.6 
million TEU. 

The Bohai Bay region was one of 
the fastest rising container regions in 
the world in recent years. However, its 
growth patt ern shows a sudden and 

strong downward trend since 2010. In 
2015 container traffi  c grew at ‘only’ 3% 
with growth in major ports Tianjin (+3.2), 
Qingdao (+5.3%) and most other medium-
sized ports, but a traffi  c decline of more 
than 8% in Dalian. With this result, growth 
in the Bohai Bay region is getti  ng close 
to the growth fi gures recorded by more 
mature port regions such as the Pearl 
River Delta, the Hamburg-Le Havre range 
(-1.6% mainly caused by traffi  c decline in 
Zeebrugge, Hamburg and Bremerhaven) 
and the US West Coast. Sti ll, the Bohai 
bay region strengthened its positi on as 
the third most important container port 
region in the world handling 55.8 million 
TEU in 2015. 

HAVE CHINESE PORT REGIONS REACHED 
MATURITY?
The above discussion underlines that it is 
important to focus on regional dynamics 
when talking about the development of 
the Chinese container port system. The 
world’s top three container handling 
regions are in China, each handling 55 
to 65 million TEU in 2015. To put the 
container fi gures of these three Chinese 
port regions in perspecti ve: the enti re 
North American container port system 
handled about 50 million TEU in 2015 
while the enti re European container port 
system reached just over 100 million TEU 
in the same year.  

Sti ll, Figure 2 reveals that 2015 was a 
weak year in the container port industry, 
also in China. Compared to the temporary 

Figure 1: Share of port regions in total TEU traffi c of mainland China, Taiwan and Hong Kong SAR
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slowdowns observed during the Southeast 
Asian crisis (1997-1998), the Dotcom 
crisis (2001) and even the fi nancial crisis 
(late 2008-2009), the volume slowdown 
of the past fi ve years is visible in all port 
regions considered and seems to be of a 
more structural nature. Figure 3 further 
demonstrates that the link between GDP 
growth in China and container growth is 
changing. For a very long ti me, the GDP 
multi plier was well above one, meaning that 
any increase in GDP coincided with a much 
higher container throughput growth. In the 
past fi ve years, the GDP multi plier is below 
one for most of the port regions in China. 

This illustrates that the Chinese economy is 
going through a transiti on phase with more 
focus on the services sector and a growing 
dependency on domesti c demand instead 
of external trade. 

PORT COOPERATION ON THE RISE
Against the background of slowing port 
growth, increased competi ti on and 
growing internati onal opportuniti es 
(also in light of the One Belt One Road 
policy), port cooperati on has become a 
hot topic in China. The port complexes of 
Zhoushan and Ningbo in Zhejiang Province 
merged at the end of September, 2015 to 

form the largest port group in the world 
handling some 880 million tons. Next to 
the creati on of Ningbo-Zhoushan Port 
Group, a provincial port company was set 
up to integrate smaller ports in Zhejiang 
Province. 

Another example is found in Northeastern 
China. Dalian Port Group has extended its 
acti viti es outside the Dalian port perimeter 
by taking a 20% stake in Jinzhou Port. The 
group might also invest in other ports in 
the region. The resulti ng port groups are 
also increasingly exploring internati onal 
expansion and investment opportuniti es. 

Similarly to the merger between China 
Shipping and COSCO in container shipping, 
the creati on of larger port groups is 
supported by Beijing in view of creati ng 
nati onal champions able to play a role on 
the internati onal scene. This increasing 
internati onalisati on is also felt in the terminal 
business with companies such as China 
Merchants Holdings, COSCO Pacifi c (now 
part of the COSCO/China Shipping merger 
group) and Shanghai Internati onal Port 
Group (SIPG) increasingly investi ng abroad.
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The container shipping industry is at a 
tipping point. In the coming two years, the 
demand for innovation is expected to be 
higher than in the last 20 years. Terminal 
automation will be a driver on that 
journey, but automation implementation is 
complex. Terminal operators are aiming for 
simplicity and consistency as the terminal 
evolves to be a ‘System of Systems’. There 
are also limitations on what automation 
can achieve in terms of efficiency and 
business continuity due to the lack of 
seamless integration between equipment, 
systems and people, and from the limited 
and/or sub-optimal use of data for the right 
level of visibility, control and proactivity in 
managing operations.   

On the bright side, this industry has 
already made significant progress towards 
the “automation promised land” with the 
use of the following technologies and 
processes: 
• Equipment Automation: consolidated, 

automated technology at quay cranes, 

horizontal transportation, and yard/
intermodal cranes is improving safety 
and sustainability, while generating 
huge amounts of data for enhanced 
performance and maintenance 

• Process Automation: technologies such 
as PDS, RFID, and OCR are already an 
integral part of user interaction at the 
control center, complementing other 
software products like the TOS and ECS 
that provide traceability, control, and 
visibility 

• Automated Decision Making: the 
potential of terminal optimisation has 
yet to be fully realised, but clearly it will 
enable better decisions by analysing 
data across different operational areas 
and time horizons, allowing operators 
to make smarter trade-offs between 
performance, capacity, and cost  

Facing ever increasing pressure to 
improve operational performance, 
terminals will need to continue to look 
to equipment and process automation to 

stay competitive. Emerging trends such as 
collaborative decision making, machine 
learning and artificial intelligence will be 
key in optimising processes and integration 
of equipment, systems, and people at 
automated container terminals. Perhaps 
the biggest challenge will be to deal with 
change itself. 

CONNECTED TERMINALS: THE ROLE OF 
AUTOMATION
As automation reaches the next stage 
of maturity, the data being produced 
by terminal equipment and associated 
processes and events will help terminal 
operators find new ways to serve their 
customers and the ocean carriers. 
Terminals cannot remain isolated in the 
value chain, but must become integrated 
and connected nodes, which are evaluated 
upon on the efficiency and flexibility they 
contribute to the entire supply chain. 

Currently terminals operate reactively 
and compile reports ad hoc. There is no 

AUTOMATED
TERMINALS 
DATA ALCHEMY AND SMART, CONNECTED APPLICATIONS 
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joint decision-making on the vessel stowage 
planning  and vessel planning sides between 
carrier and terminal. They fight with the 
berthing pro-forma and SLA agreements 
rather than building a working environment 
where value creation at both sides is the 
determining factor for decisions. Instead, 
the terminal needs to be able to determine 
what the supply chain needs from them in 
order to proactively and reliably provide 
traceability and transparency to the 
networks they are connected to in the 
supply chain. Automation is a key enabler 
to realise this vision.

To reach the potential of automation and 
overcome existing restraints on integration 
and data utilisation, terminals should focus 
on the following (See table 1 above):

Value will no longer come from a 
particular application but from a holistic 
system improving overall productivity, 
safety and sustainability. Data generated by 
automation will be the ‘digital foundation’ 
which creates real-time information flows, 
enabling the entire terminal ecosystem to 
deal with the operational reality and its 
inherent variability and dynamics. 

DATA ALCHEMY: AUTOMATION POTENTIAL
‘Data Alchemy’ is a term used extensively 
by start-ups in reference to the new gold 
rush in Silicon Valley. Data is the new 
precious commodity and data alchemists 
turn information into value. Companies 
such as Google, LinkedIn, and Facebook 
have created something useful for their 

users that goes beyond the immediate 
features of their products. The key for 
our industry will be to understand data 
and related business transactions in order 
to create value by connecting different 
operational and financial processes across 
the container flow. Often disruption comes 

from outside the industry. Consider moves 
by Amazon, book ‘e-tailer’ turned ocean 
freight forwarder. We should anticipate 
outside disruption for ocean shipping and 
terminal operations if we don’t lead the 
innovation ourselves. 

Specifically with regard to container 

Table 1

1. Integration

Automation Standards
The industry must develop a clear definition for interfaces and solution modularity to handle the 
automation puzzle. It also needs to align the processes that drive specifications, development, testing, 
and deployment with clear criteria for go-live readiness

Equipment, Systems, and People
Integration is going far beyond system integration; it is fundamental to develop operational and 
analytical capabilities as a core competency to complement technical and engineering knowledge and 
to better understand the whole terminal’s operational infrastructure and ecosystem

2. Mindsets

Process Excellence (PEX)
Six Sigma and other best practices are already consolidated in many other industries but container 
shipping variability and data accuracy are constraining effective application of them here. Agility is a 
critical capability for dealing with an always-changing operational environment 

Collaborative Decision Making (CDM)
Coordination of functions to achieve timely, collective decisions is key in many operational areas. 
Automation potential will not be realised when decisions are made in isolation. Data will connect the 
dots across operational areas and time horizons

3. Data

Data Standardisation
Today each actor in the value chain already maps their processes in order to optimise them, but the 
data behind those processes needs to be standardised. Nomenclature, meaning and formats must be 
common across the whole supply chain and automation must make use of them  

Smart, Connected Applications
To reach current demand in terms of performance and profitability, the terminal needs to be supported 
by an ecosystem of smart, connected applications that leverage data for seamless integration across 
the different processes, with automation as a catalyst for efficiency
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terminals, there are some baby-steps that 
need to be taken before automation and 
data can be used effectively to connect 
terminals to the rest of the ocean supply 
chain: 
• Information still needs to be 

transformed into meaningful data. And 
much data still needs to be extracted, 
analysed and understood

• Better visibility into real-time 
information to make better decisions 
and create trusting relationships across 
container flow stakeholders is critical 
for progress

• Change processes in areas currently 
using paper-based documentation 
which can be easily automated, in order 
to improve data accuracy and remove 
‘human-mistakes-contamination’

Finally, while terminals are implementing 
automation in order to become responsive 
and proactive agents in the supply chain, 
we need to keep the bigger picture in 
mind and have a holistic approach to drive 
change. The existing paradigm is reinforced 
through interlocking beliefs, practices 
and processes, so trying to fix one item 
in isolation will not bring the maximum 
benefit, as other pieces can hold us back. 
We must not revert to old approaches 
when a change fails to produce immediate 
results. Changes in terminals must be 
accompanied by changes in the whole 
ocean supply chain. Altering only one part 
of the ecosystem will not be effective.

THE FUTURE
The way forward in container shipping clearly 
depends on collaboration across the supply 
chain. The existing data, not accessible or 
visible today, can play an alchemistic role in 
breaking down silos and helping us to realise 
new operational paradigms at terminals, 
such as automated vessel planning, end-to-

end port operations and dynamic pricing 
creating incentives for efficiency with 
carriers. Further benefits include port-
to-port optimisation, dynamic routing of 
containers, holistic value chain optimisation 
and port sharing economies collectively 
making a better ocean supply chain. This is 
the future we must create together. 
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This year, TBA is proudly celebrati ng 
‘10 years CONTROLS’, TBA’s innovati ve 
and leading emulati on tool. In a series 
of arti cles, The Journey of CONTROLS 
will take you around the world, bringing 
you to various terminals who are using 
emulati on and sharing their stories. In this 
second episode, we will write about the 
usage of CONTROLS at DP World (DPW) 
Antwerp.

DPW ANTWERP
DP World Antwerp Gateway is a high-
class semi-automated terminal located 
on the left  bank of the Port of Antwerp. 
Since 2007, it has been the fi rst terminal 
in the global DPW portf olio to operate 
automated stacking cranes, providing the 

container storage for a large part of the 
terminal stacking capacity. The other part 
is done by a fl eet of 1 over 2 and 1 over 3 
straddle carriers. This mixes the benefi ts 
of a high stacking density on the yard by 
use of ASCs with the fl exibility of straddle 
carriers. Combined with truck loading 
automa-ti on and world-class twin, tandem 
and quad ship-to-shore cranes, it delivers 
the tools to successfully run a container 
terminal in the Hamburg-Le Havre range.

THE CONTROLS MODEL
Because of the high-degree of automati on 
in the terminal and the drive for 
opti misati on, a good working TOS is 
essenti al. The operati ons have to be 
highly performant, even when in project 

roll out mode and aft er every update. 
This is where emulati on kicks in for DPW 
Antwerp.

The terminal came in contact with the 
CONTROLS product during the 2009 TOS 
imple-mentati on of Navis N4, coming 
from Cosmos. At that ti me, the emulati on 
model was used for TOS testi ng in the 
pre go-live stage. This way, DPW Antwerp 
became acquainted with the benefi ts of 
emulati on. 

Aft er this TBA launched its new fully 
developed, now Java based emulati on 
platf orm CONTROLS2. Because this 
new version could do much more, DPW 
Antwerp decided to upgrade, in order 
to use the potenti al of emulati on to its 
maximum. This was the pilot project for 

THE JOURNEY OF CONTROLS: 
DPW ANTWERP
Wim Verdonck, Optimization Supervisor, DP World Antwerp, Antwerp, Belgium 
Raoul van Heffen, Sr. Project Manager, TBA, Delft, Netherlands  

The CONTROLS2 model of DPW Antwerp was implemented with a high level of detail, modeled according to equipment specifi cations such as 
Gottwald’s trolley position dependent gantry speed system of the ASCs and load dependent quay crane (QC) hoisting speeds. Realistic operator 
behaviour was implemented in the emulation model as well, resulting in smooth QC spreader paths and realistic straddle carrier driving. The 
emulation model was validated against terminal data to ensure valid emulation results.
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TBA in 2011 to integrate CONTROLS2 with 
Navis XPS and ECN4, bringing emulati on 
support to the latest generati on of Navis 
TOSs.

CONTROLS USAGE
Ever since, DPW Antwerp has embraced 
the usage of CONTROLS2 in its opti misati on 
team for multi ple purposes:
• TOS opti misati on: Expert Decking 

and PrimeRoute off er advanced 
functi onality and can bring major 
producti vity improvements to 
terminals. These modules use 
complex parameter sets. Changing 
one parameter can aff ect the 
behavior in unex-pected manners, 

even more so on a terminal with 
multi ple types of stacking equipment. 
Aft er determinati on of the desired 
improvements and corresponding 
parameter changes, CONTROLS brings 
the possibility to try the changes in 
real live situati ons and compare the 
outcomes to the benchmark. This way, 
a sensiti vity analysis of the parameter 
can be made, showing the impact and 
side eff ects of the setti  ng. Based on the 
outcome, the scenario is reset and run 
again with the lessons learned from the 
previous emulati on experiments. This 
leads to a thorough under-standing of 
the complex parameters, and opti mal 
confi gurati on for the specifi c terminal

• Patrick Van de Walle, Opti mizati on 
Manager, says: “In the fi eld of 
opti misati on we have had several 
successes with the help of CONTROLS2. 
It has allowed us to verify the use of 
the Navis Autostow functi onality and 
to determine the base pa-rameter 
setti  ngs. Also, CONTROLS2 made it 
possible to reduce our horizontal 
driving distance by validati ng the 
renewed parameter sets for Expert 
Decking and Prime Route”

• TOS upgrade validati on: Before the 
roll out of every TOS upgrade, DPW 
Antwerp runs complex emulati on 
scenarios which allow the testi ng of 
the new TOS version to high volume 
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scenarios under dynamic, near-to-
live circumstances. This enables 
a validati on of both stability and 
producti vity when using the new 
TOS version, prior to applying it onto 
the producti on environment. In this 
process, DPW Ant-werp focuses on the 
handover scenarios between manual 
and automated equip-ment. This is a 
very important aspect for the semi-
automated terminal, and shows the 
variety of benefi ts which CONTROLS2 
can deliver 

GRAPHICAL TERMINAL EDITOR
As part of the CONTROLS suite, Graphical 
Terminal Editor (GTE) can be used 
to modify the terminal layout in the 
emulati on model. The GTE applicati on is 
aimed to support the CONTROLS user with 
the confi gurati on of the terminal layout 
in a visual, user-friendly manner. The 
user can modify the terminal by adding 
or changing container terminal objects, 
such as stack, road, quay, parking places, 
buildings, and so forth. 

The real dimensions of each object can 
be entered and, for instance, sourced 
from CAD drawings of the terminal. 
For roadways, setti  ngs such as driving 
directi ons, maximum speed and the 
allowed equipment on each road can the 

confi gured. Extra yard blocks can also be 
added, or existi ng blocks changed. The 
output of the GTE applicati on can be 
imported by the user into the CONTROLS2 
model.

CONCLUSION 
As witnessed by the examples in this 
arti cle, CONTROLS has brought the 
benefi ts of emulati on in the full extent 
to DPW Antwerp. In order to go even 
beyond, DPW Antwerp has decided to 
extend its CONTROLS model to include 
a full N4 cluster in the emulati on setup. 
This will enable DPW Antwerp to further 
expand the scope and deployment of 
emulati on. TBA will upgrade the emulati on 
environment of DPW Antwerp to support 
this extension in the same user friendly 
manner. For instance, an upgrade of the 
MONITOR applicati on, another part of 
the CONTROLS suite, will allow the users 
to start an emula-ti on experiment by a 
single mouse click, including N4 database 
restore and startup of N4, regardless of 
the size of the N4 cluster. 

In summati on, CONTROLS emulati on will 
conti nue to support DPW Antwerp in this 
ever evolving industry. In the next episodes 
of The Journey of CONTROLS, we will show 
you more examples of container terminals 
using CONTROLS around the globe. 
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DPW Antwerp has used CONTROLS2 in conjunction with GTE and measurement tools to 
calculate the impact for signifi cant civil changes to the terminal. This allowed to formulate the 
operational impact for civil restructuring.  
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We are in an era of rapid digital 
transformation that affects all industries. 
Mobile technology, social media, cloud 
computing and advances in analytics are all 
contributing factors. The rate of innovation 
and adoption is accelerating and will likely 
continue to do so. This rapid change has 
an impact on decision-making. Decision-
makers need technologies and solutions to 
support this rapid and accelerating change 
to help them make good decisions based 
on knowledge, experience, and sound logic 
have a much higher probability of delivering 
success in any business. 

DECISION MAKING EVOLUTION
The idea of importing and exporting goods 
seems simple, but it gets complex very 
quickly with the multiple inputs from a 
range of people and institutions. Having so 
many variables and “middle men” that can 
potentially delay cargo, decision-making has 
become a critical function. Regardless of 
where a business is today, the evolution of 

decision-making relies on three key factors:
• Business Process Automation (BPA)
• Operational Engagement (OE)
• Port Community Insights (PCI)

Each factor provides varying degrees of 
benefit for any operator. However when all 
are incorporated into a terminal’s approach 
to planning, managing and optimising for 
continuous improvement, exponential 
benefits can be realised.

BUSINESS PROCESS AUTOMATION
With the dawn of computers, the storage 
and processing of data has become 
streamlined. Businesses of all kinds now 
rely on enterprise resource planning (ERP) 
and/or operating systems to take care of 
key business processes such as financials, 
payroll, CRMs, HR, order entry and inventory 
management. As company information 
is increasingly stored in databases and 
interconnected systems, businesses also rely 
on these systems for integrity, security and 
governance.

Each stakeholder in the supply chain has 
countless business processes. As processes 
are analysed and improved, some at least 
will be ripe for business process automation. 
Once the potential for automation has been 
discovered, the key is to try and automate a 
process as quickly as possible.

PLANNING THROUGH BPA
Any operator that uses technology to 
tap into the benefits of business process 
automation is immediately improving their 
planning processes. Terminals are able to 
plan capacity, labour and maintenance to 
improve truck turnaround time, security 
and container handling.  

BPA when processed via a TOS allows 
electronic messages with information 
about a container and its contents prior 
to any truck and container arriving at a 
terminal gate. Therefore, the BPA system 
validates information before a truck and 
container arrives at the terminal. Entry is 
automatic if all paperwork is in order.  

PRODUCTIVITY THROUGH 
DECISION MAKING
OUR EVOLVING PORTS
Michael Bouari, CEO, 1-Stop Connections, 
Sydney, Australia 
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TERMINAL 
AUTOMATION

It’s an evolution, not a destination.

Automation in our ports can start simply with business processes. 
Once you begin automating, you make room for better planning of operations. 

What you get then, is efficient utilisation of assets 
and maximised capacity.

Join 1-Stop CEO, Michael Bouari, as he explores this topic 
at the Port Technology conference in June 8.

For more info about 1-Stop’s solutions 
visit www.1-stop.com



OPERATIONAL ENGAGEMENT
Customer-centric business practi ces are being 
adopted widely across industries because that 
is what the customer wants and ulti mately 
what brings you success. A customer-centric 
approach delivers informati on in a meaningful 
way, oft en in real ti me. It takes into account 
the needs of the individual customer and not 
just a segment. 

A true example of how merely segmenti ng 
customers simply doesn’t work is the example 
of a terminal that only allows hourly ti meslots 
for pickup/drop off  of containers regardless 
of how many containers a transport operator 
has for one customer. For example, most 
transport operators have 1-10 containers per 
customer, but in the event a large importer 
has 50-100 containers the transport operator 
needs another effi  cient approach. 

This is actually a great illustrati on of the 
pitf alls that can come with business process 
automati on when it’s not accompanied by 
operati onal engagement. For businesses 
to survive and thrive, technology soluti ons 
must be able to be confi gured and adapted 
to suit the needs of the customer. 

Operati onal engagement delivers a 
collaborati ve edge in a globally competi ti ve 
environment. Soluti ons that leverage the 
BPA, customer-centricity , collaborati on and 
integrati on internally, as well as in interfaces 
with other businesses (B2B), is enabling the 
customers to achieve their unique needs 
and no longer restricted to the limitati ons 
of a single process. 

OPERATIONAL ENGAGEMENT AT PORT 
TERMINALS
In ports and terminals there are many 
opportuniti es to improve business success 
through operati onal engagement. A 

clear advantage arises for terminals that 
transiti on from appointment schedulers 
to more sophisti cated port wide vehicle 
booking systems to manage the cargo drop-
off  and pick-up. This provides transport 
operators access to all container and vessel 
informati on in one place as well as a full 
suite of container management features 
to manage their jobs. With improved truck 
uti lisati on and the ability to guarantee truck 
turn ti mes, the advantages are compounded 
by the ability to access via multi ple devices 
and channels, from websites, SMS and 
email, through to mobile devices. 

This approach requires collaborati on and 
real-ti me informati on sharing to provide a 
seamless experience for the customer and 
improved management opportuniti es for 
the terminals. Each terminal maintains its 
own database and is also able to access 
informati on that enables bett er planning 
for resources and terminal capacity 
management, minimising re-handling and 
keeps labour costs under control. 

PORT COMMUNITY INSIGHTS (PCI)
It is impossible to take all variables into 
account without the use of integrated and 
cross-functi onal systems and technologies. 
Technology alone takes us part of the 
way to the next best decision via BPA 
and integrati on and data sharing through 
Operati onal Engagement brings us closer. 
The circle is then completed with analysis 
and feedback via Port Community Insights, 
gleaned from data captured during 
Operati onal Engagement and transacti onal 
data captured and recorded during day-to-
day operati ons.

Port community insight systems facilitate 
gathering, mining, organising, transforming, 

consuming, and analysing diverse sets 
of data with stati sti cal modelling tools 
to detect patt erns, report on what has 
happened, predict outcomes with a high 
degree of confi dence, apply business 
rules and policies, and provide acti onable 
insights.

INTEGRATING PCI INTO EXISTING SYSTEMS
Integrati on of Port Community Insight (PCI) 
into business processes can be achieved in 
various ways depending on the state of the 
current decision-making process within the 
enterprise. Three approaches to integrati ng 
PCI into existi ng systems could include:
1. Incorporati ng PCI into the decision-making 

processes by extending the current 
decision-making process that might 
include BPA and Operati onal Engagement 

2. Use the insights provided by PCI to 
adjust business logic to enhance current 
decision-making processes and improve 
performance

3. Use data and insights collected and 
identi fi ed by PCI to extend BPA and 
Operati onal Engagement applicati on 
processes to more decision areas

A phased implementati on of PCI 
enhances existi ng decision processes based 
on Operati onal Engagement and BPA, 
creati ng a loop of conti nuous improvement 
and opti misati on without requiring a major 
transformati on.

NEW PRODUCTIVITY OPPORTUNITIES
Port Community Insights enhance 
Operati onal Engagement when terminals 
gain a broad insight into the background and 
behaviour of shipping lines and transport 
operators. This knowledge helps in devising 
planning strategies.
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Terminals now have valuable insights into the behaviours of 
transport companies and shipping lines, and this allows them to use 
predictive analytics tools to ascertain what will happen in the near 
future to prepare themselves. 

SUMMARY
BPA generates value by automating processes for cost effectiveness 
and efficiency. Operational Engagement systems ensure your 
business is focusing on collaborative practices and a customer-
centric approach. OE consistently provides new opportunities to 
capitalise on the value in BPA. 

Port Community Insight (PCI) provides feedback into port and 
terminal systems, generating a loop of continuous improvement, 
based on data captured during Operational Engagement and 
transactional information being stored and managed via BPA.

RESULTS SO FAR
Ports and terminals that have applied one or many 1-Stop services 
aligned with this model of productivity have experienced enormous 
cost savings, increased capacity by operating differently and also 
inceased revenue as they become the port or terminal of choice. 
Some of these results are:
• Importers, exporters, freight forwarders, transport operators and 

terminals have gained more certianity in how they operator and can 
rely on consistent and efficent truck turn times and service levels

• Terminals have been able to flatten peak period demand with 
labour and equipment across 24 x 7 operations

• 2 to 4 hour queue times to mostly no queues at the terminals.
• Truck turn times at some terminals were reduced from 91 minutes 

to 37 minutes (and in some cases as low as 15 minutes averages)
• Terminals moved to auto-gates with complete validation that 

incudes container, truck rego, driver and time zone booking
• Terminals in South East Asia experienced a 20% increase in truck 

servicing and a 30% decrease in dwell times in the first 2 weeks 
of operation

• Trucking companies are experiencing  up to 5 times more 
utilisation per truck

• The import and export community is able to clear cargo more quickly 
through a community payments platform that links to shipping line 
and terminal systems for the immediate release of cargo

• Container reuse allows shipping lines to experience a 33% saving 
via triangulation and virtual container parks features 
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For many years the automation and 
productivity debate revolved around 
efficient waterside processes, smarter 
yard stacking and perhaps quicker truck/
gate turnaround times. But recently the 
focus has shifted to rail yard operations 
and the possible gains associated with it. 
High performing hinterland systems are 
mission critical in order to manage peak 
demands and customer expectations. 

More and more tasks have to be 
coordinated simultaneously at high-
speed with permanent and unplannable 
changes. Not only is the large volume of 
data overwhelming, but we also have 
the massive amount of possible actions 
to contend with. This is where ‘Agile 
Optimization’ comes in. It can be used 
to speed-up and optimise the decision-
making processes in rail crane operations. 
Powered by algorithms, the software is able 
to calculate routing options, handshake 
possibilities in the transshipment area 
and double cycle opportunities within a 
fraction of a second. The best results are 

immediately translated into optimised job 
order sequences for each crane – adapted 
to their grade of automation (manual, 
semi or full).

ALGORITHMS BEAT HARDWARE
Agile Optimization is a concept that 
takes human/computer interaction, rapid 
response to change and decision making 
quality to a new level. It benefits from the 
enormous advances in computer hardware 
over the past two decades. But gains in 
processor speed pale in comparison to the 
progress made by algorithms: hardware 
power has increased by the factor 1,200, 
while algorithms have improved by a 
factor of 55,000 in the same period. The 
joint forces result into a staggering factor 
of 66 million, or in other words: a planning 
model using linear programming that 
would have taken two years to solve in the 
1990s, could be solved in just one second 
today. 

The software can be used as an add-on 
to an existing TOS, following a best-of-

breed strategy for selecting the solution 
that is most suited for a particular task, e.g. 
rail crane operations, yard management, 
and so forth.

A stronghold of agile optimisation 
software is the control and synchronisation 
of time-critical processes in real-time, 
e.g. optimised storing and stacking of 
containers in order to minimise rehandlers 
and retrieval times or the optimised 
sequence of rail crane moves. To gain a 
better understanding of how this works in 
practice, let’s take a closer look at some 
applications in rail yard operations.

OLYMPIC TEAMWORK
Running efficient rail operations is like 
running a relay race. The teams must 
be well-coordinated and able to pass a 
container from one member of the team 
to the next while maintaining maximum 
speed. Agile Optimization Software can 
help to ensure that each container transfer 
from yard to rail and from rail to yard is 
perfectly timed and executed. Based on 

A NEW EPISODE IN RAIL 
OPTIMISATION
THE AGILE FORCE AWAKENS
Dr Eva Savelsberg, Senior Vice President, INFORM, Aachen, Germany
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the data it receives from the TOS, the 
soft ware quickly analyses all jobs within 
seconds and proposes opti mised handover 
ti mes and transfer points at the rail area. 
Current work status, work load of each rail 
crane and handling equipment (manned or 
automated straddle carrier, reach stacker, 
AGV, terminal tractor, and so forth) as 
well as their associated rail producti vity 
are also included in the calculati ons. 
Whenever the TOS provides updated data, 
the opti misati on soft ware automati cally 
recalculates and updates the decisions to 
support the new operati ve situati on. This 
real-ti me capability ensures that each 
container is moved at the right ti me and 
at the right place, giving them a head start 
for their next move.

AGILITY TRUMPS SPEED
Agility training signifi cantly improves an 
athlete’s ability to accelerate, decelerate, 
and quickly change directi on with 
precise ti ming and body control. The 
daily challenge of a rail crane is similar: 
getti  ng each container on and off  the 
train as quickly as possible, immediately 
reacti ng to changing prioriti es or adjusted 
workload, constantly synchronising all 
routi ng decisions with the neighbouring 
cranes, anti cipati ng the next move’s 
impact on the following lift s, and so on. 
Agile Opti mizati on soft ware can act as a 
drill instructor. 

Based on TOS data as well as container 

eligibility, handover ti mes and locati ons, 
the soft ware analyses all possible routi ng 
opti ons within seconds and identi fi es 
those that are ideal for highest producti ve 
operati on. Double cycles – the ulti mate 
challenge for any rail yard operati on – 
are proposed by the soft ware whenever 
suitable and in support of minimising 
crane travel distances and ti mes, which 
leads to increased equipment producti vity. 
The best result is immediately translated 
into opti mised job order sequences for 
each crane – adapted to their grade 
of automati on (manual, semi or full). 
Positi oning systems and interfaces to the 
crane’s built-in control system can also be 
integrated.

PERFECT LINE-UP
Train load planning is a ti me consuming 
exercise. Dispatchers and schedulers 
usually spent hours fi guring out which 
layout is best to maximise train uti lisati on. 
With several trains per day to plan 
and numerous technical and logisti cal 
requirements to consider, huge data 
volumes have to be handled in order to 
fi nd a set of good layouts. And if just one 
item in the mix fails, the enti re plan may 
collapse like a house of cards – with trains 
running late and costs way out of line.

Instead of hours, opti misati on soft ware 
just needs a couple of seconds to come 
up with an opti mised plan. Once all 
informati on of incoming and outgoing 

trains has been imported from the TOS, 
the soft ware quickly creates opti mised 
train load plans at the click of a mouse. 
Dispatchers can compare several scenarios 
for the same data set by changing the 
strategy and objecti ves. Besides opti mised 
railcar/slot uti lisati on, the soft ware also 
minimises changes to the pin confi gurati on.

Plans usually have a limited shelf life. 
Daily challenges like containers arriving 
late, equipment breaking down are 
commonplace. Disrupt the loading/
unloading schedule and this will aff ect 
the effi  ciency of the operati on if no 
countermeasures are taken. The soft ware 
reviews and adjusts all planning decisions 
– right up to the moment before executi on 
– and updates the job order sequences for 
all rail cranes in real-ti me. 

Opti mised train load planning has 
proven itself very eff ecti ve in case of 
double-stacked rail cars with signifi cantly 
higher train uti lisati on rates. 

GLOBAL PLAYING FIELD
Top performers among terminal operators 
worldwide rely on opti misati on soft ware 
to keep their business competi ti ve. HHLA’s 
Container Terminal Altenwerder (CTA) in 
Hamburg, for example, is one of the most 
modern mariti me terminals in the world, 
with a high degree of automati on. Its rail 
faciliti es are recognised as the largest 
rail terminal in Germany. Opti misati on 
soft ware helps to handle more than 

   Container Handover 
•  Optimizes each container transfer
    between yard & rail
•  Proposes handover times and 
    transfer points

   Rail Crane Moves  
•  Optimizes job sequencing of all 
    train cranes
•  Reduces travel distances
•  Allows double cycling & dynamic 
    crane split

   Train Load Planning  
•  Automatically creates optimized 
    train load plans
•  Pre-planning & real-time
•  Supports double stacking

Optimization Software 
for Rail Yard Operations
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500,000 boxes (813,000 TEU) by rail per 
year (2013). 

GCT Canada recently announced that 
they will be using INFORM’s soft ware 
to opti mize the rail operati ons at 
their Deltaport terminal in Port Metro 
Vancouver.  At the port of Los Angeles, 
TraPac, LLC will be using the same soft ware 
to opti mise all rail crane moves aft er the 
expansion of its semi-automated terminal. 
At Maasvlakte II in Rott erdam, APM 
Terminals’ state-of-the-art automated 
facility, all rail crane operati ons as well as 
the container handover of the landside 
fl eet of 62 fully automated transport 
vehicles (lift -AGVs) will be opti mised by 
intelligent soft ware. But this technology 
can also be adapted to the needs of any 
ambiti ous intermodal terminal looking for 
ways to drive up producti vity levels. KTL 
Kombi-Terminal (Germany), for example, 
is a rail/road terminal close to BASF’s 
chemical park in Ludwigshafen. Located in 
the centre of Europe, the terminal opted 
for a complete TOS for inland terminals 
by INFORM with opti misati on modules 
in order to increase the effi  ciency of 
its operati ons. Capacity of the terminal 
allows the loading and unloading of up to 
64 trains per day respecti vely, and up to 
500,000 load units per year. 
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PROGRESS
1990s vs. 2010s

How long would it take 
to solve a planning model?*

*using linear programming

1990s 2010s
2 Years 1 Sec.

55,000 x

1,200 x

66 Mio. x
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Container terminals employ a variety of 
real-time locating services (RTLS) that 
range from DGPS/INS to RFID technology. 
Terminal equipment positioning systems, 
extended real-time monitoring systems, 
and auto hand off systems are all currently 
applied in container terminals that are 
operating today. Below are some of the 
existing RTLS technologies and their pros 
and cons, as well as an insight into how 
they are used in various types of terminals.

GPS
GPS is a viable option for any container 
operator that wants to visualise terminal 
processes with minimum investment. 
The GPS visualiser can track terminal 
trucks and gather basic information such 
as movement history, speed and status 
of trucks that are loading containers. 
However, there are limits to the accuracy 
of pinpointing locations. Weak satellite 
signals lead to low accuracy levels, and 
signal interferences are high due to thick 
layers of containers and heavy equipment 
such as cranes and reach stackers. 

Therefore we can state the positives and 
negatives as below:
• Pros: Inexpensive, easy installation and 

implementation, as well as less space 
required by small devices

• Cons: Relatively low accuracy, 
vulnerable to satellite interferences 
and this often leads to lost targets

DGPS AUGMENTED BY INS 
DGPS (Differential GPS) decreases the 
margin for error to less than 1 metre 
by using the fixed position of reference 
stations in the terminal yard. However, 
DGPS is also vulnerable to signal 
interferences; therefore it requires 
additional sensors to enhance stability 
and accuracy. Inertial Navigation System 
(INS) is a method that uses computers, 
motion sensors (accelerometers) 
and rotation sensors (gyroscopes) to 
continuously calculate the position, 
orientation, and velocity (direction and 
speed of movement) of a moving object 
without external references[1] even in 
dead reckoning areas. The images below 

display vehicle tracking using DGPS only 
(red line) and DGPS augmented by INS 
(blue line). Integrating INS and DGPS 
can achieve precise and real-time truck 
tracking, automated container inventory 
and automated container hand-off. We 
can highlight the positives and negatives: 
• Pros: High accuracy, stable in harsh 

environments with frequent satellite 
signal interference, able to track 
location even when GPS signal is lost

• Cons: More expensive than a normal 
GPS system

RFID
RFID technology is commonly used in 
terminal operations. It is used for generally 
three purposes:
1. Pre-advice data validation at terminal 

gates: RFID tag inside trucks are read 
by RFID readers at terminal gates

2. General truck position tracking within 
terminals by RFID readers at various 
yard blocks and cranes

3. Positioning for coupling trucks and 
cranes

RTLS TECHNOLOGIES 
IN TERMINALS

Jake Jung-Taek Kim, Corporate Planning Team, 
CyberLogitec, Seoul, South Korea 
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The positives and negatives can be 
outlined as: 
• Pros: RFID tags are very inexpensive 

and batteries are not required (passive)
• Cons: RFID readers required at 

multiple points to read tags (additional 
installation required inside terminals), 
RFID also has low accuracy

UWB 
Ultra-wideband (also known as UWB, 
ultra-wide band or ultraband) is a radio 
technology that uses low energy for short-
range, high-bandwidth communications 
over a large portion of the radio 
spectrum.[2] UWB has been adopted in 
car manufacturing and heavy machinery 
industries in order to analyse production 
status and gather various forms of data 
during work processing.

High accuracy and wide network 
bandwidth are advantages of UWB 
technology in terminal operations 
environments such as Ro-Ro terminals. One 
of the main concerns of Ro-Ro terminals 
is vehicle inventory management. Unlike 
container cargo, vehicles cannot be fitted 
with RTLS equipment for safety issues. 
Thus, the essence of a Ro-Ro terminal 
monitoring system lies in positioning, and 
tracking of individual drivers and UWB 
RTLS technology can be a good solution.

However, UWB holds limits of its own as 
well. Standard UWB systems find it difficult 
to measure distances between access 
points (AP) that are more than 100 metres 

apart. Therefore, it is necessary to install 
multiple APs in the terminal as this leads to 
increased costs. However, there have been 
different attempts recently to overcome 
the constraints by extending UWB range 
to an additional 100 metres. The positives 
and negatives are listed below: 
• Pros: Very high accuracy, strong in 

indoor location tracking, able to send 
and receive high-volume data using 
ultra wideband network

• Cons: More expensive than GPS/RFID 
RTLS, requires UWB locator (reader) in 
every 60 to 100 metre space

CONCLUSION
RTLS technologies can be implemented 
in a different range of prices. Each 
technology has different specifications and 
requirements such as:
• Accuracy
• Detection range
• Network and data bandwidth
• Power consumption
• Frequency
• Civil work requirements
• Safety issues
• Ease of implementation and integration
• Ease of maintenance and repair
• Ruggedness of device

More and more customers are 
adopting RTLS based process automation 
solutions. Because of this it is necessary 
to understand the different characteristics 
of technologies and choose an optimal 
solution for terminal operations. 
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Interest in electric horizontal transportati on 
at terminals is growing rapidly. At terminals 
uti lising automated stacking cranes (ASC), 
the opti ons are the automated guided vehicle 
(AGV) or the shutt le carrier, either manually 
operated or automated. As container 
movement between the quay and container 
yard is a potenti al bott leneck, the Kalmar 
FastCharge shutt le carrier off ers a major 
advantage by fully decoupling acti viti es at 
both ends. This concept provides greater 
added value depends on the characteristi cs 
and requirements of the terminal.

INTRODUCTION
In recent decades, container volumes 
handled worldwide have grown dramati cally. 
Larger ships place a heavy demand on 
terminal infrastructure, and fast loading 
and unloading requires close cooperati on 
between STS cranes and the container stack. 
For many years, the straddle carrier and 
terminal tractors were the default opti ons 
for horizontal transportati on, with straddle 
carriers also capable of handling stacking.

HORIZONTAL TRANSPORTATION
In the 1990s, the fl atbed AGV was the fi rst 
driverless horizontal transportati on system 
at terminals. Today, the high producti vity of 
STS cranes can be limited by the AGV’s need 
to be present to load and unload containers. 
Generally, each STS crane requires a 
minimum of fi ve AGVs.

The ideal decoupling buff er is created 
by placing containers on the ground at 
the interchange area next to the STS. By 
decoupling the STS and ASC, one shutt le 
carrier can achieve the same producti vity as 
two AGVs. 

The Kalmar shutt le carrier can transport 
single 20 foot and 40 foot containers as well 
as two 20 foot boxes in twin-lift . With the 
ability to pick up any container rather than 
only the outermost, and to stack containers 
two high, the AutoShutt le enables fast 

decoupled transfers, especially when 
serving more than one STS or in dual cycle 
operati ons with simultaneous loading and 
unloading.

HYBRIDS
AGVs and shutt le carriers currently off er 
electric driveline with diesel as the main 
power source. Diesel/electric has also seen 
the introducti on of hybrid designs, allowing 
smaller engines with batt eries or super 
capacitors supplying peak capacity. New 
batt ery technology allows the engine to 
be sized for average power. These designs 
also feature regenerati ve energy systems 
can convert braking and spreader lowering 
energy into electric power that is stored for 
later use. 

WHY FULLY ELECTRIC?
While hybrid systems provide excellent 
economy and reduced emissions, the 
ulti mate target is emission-free (at least at 
the point of use) horizontal transportati on. 
As legislati on becomes more stringent 
for CO2 and NOx, electric driveline with 

batt eries is the only alternati ve. Further 
advantages include less noise, reduced 
maintenance with fewer components, and 
up to 50% increased energy effi  ciency.

THE FULLY ELECTRIC AGV
Commercial usage of electric AGVs has 
been limited by the cost of batt eries and 
charging faciliti es. AGVs require almost 
10 tons of lead-acid batt eries to provide 
an operati onal ti me of eight hours. Actual 
runti me is considerably less. One study 
quotes an average operati onal stoppage or 
unpowered waiti ng ti me of 36 minutes for 
each hour. Recharging involves removal and 
replacement of the batt ery, which requires 
the AGV to be driven to the exchange 
stati on. As recharging takes over six hours, 
at least three batt ery packs are required for 
every two AGVs.

Development of the all-electric AGV 
required a redesign of the vehicle chassis to 
accommodate the weight of the batt eries. 
Newer designs based on fast charge 
technology have been announced, but 
details of operati on have not been disclosed.

ELECTRIC HORIZONTAL 
TRANSPORTATION 
IN CONTAINER TERMINALS
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NEW TECHNOLOGY BATTERY
Lithium-ion batt eries, introduced in the 
1970s, have seen a steady progression in 
performance and capacity, with recent 
developments enabling extremely fast 
charging. In electric buses, high-charging 
capability can partly recharge the batt ery in 
as litt le as 15 seconds. Compared to lead-
acid, Li-ion off ers up to 80% weight savings 
for the same capacity and has bett er low-
temperature performance. Li-ion technology 
is also safer than the alternati ves. 

The higher cost of lithium-ion batt eries in 
a fully decoupled shutt le operati on is off set 
by less vehicles required compared to an 
AGV setup. Whether using a batt ery stati on 
or fast charging, twice as many AGVs are 
required to achieve the same number of 
moves as the shutt le.

FULLY ELECTRIC POWERED FASTCHARGE 
SHUTTLE / STRADDLE CARRIER
Fast charge batt eries have allowed Kalmar 
to replace the diesel engines in shutt le and 
straddle carriers without a weight penalty, 
off ering tremendous advantages in a proven 
vehicle design. Experience of the batt eries 
already uti lised in Kalmar’s hybrid straddle 
carrier enabled to opti mise batt ery capacity 
and supplement onboard charging with 
regenerati ve energy systems. Available in 
both manually operated and automated 
carriers, Kalmar FastCharge off ers a highly 
fl exible concept for both existi ng and 
greenfi eld terminals. In hybrid terminals, 
where ASCs are being introduced gradually, 

FastCharge enables expansion while 
retaining fully decoupled container transfers.

FAST CHARGING
Charging of the Kalmar FastCharge 
AutoShutt le is achieved with a pantograph 
system, fully automated and similar to that 
on electric buses. The technology enables 
very high charging rates at up to 600 kW 
with rapid on-board charging. Since driving 
cycles are short, frequent 30-sec charging 
periods do not slow container transfers. 
Pantograph charging stati ons can be more 
easily positi oned than batt ery exchange 
stati ons at convenient locati ons along 
shutt le working routes.

ELECTRIC AGV VS. FASTCHARGE
In most terminals, one FastCharge 
AutoShutt le is capable of the producti vity 
of two AGVs. The reducti on in vehicles 
compensates for the higher cost of the 
FastCharge soluti on, with additi onal savings 
when the AGV charging stati ons are taken 
into account.

AGVs are dependent on the roboti c 
charging stati on. Owing to the heavy 
batt eries, the stati on requires substanti al 
foundati ons. Compared to a batt ery stati on 
for 30 AGVs, the cost of the FastCharge 
stati on for 15 equally producti ve shutt les is 
approximately 80% less when building costs 
are included.

The FastCharge AutoShutt le uses a 
tried and trusted vehicle design. Proven 
features of existi ng shutt le carriers are used 

in the FastCharge model. The lifeti me of 
lead-acid deep cycle batt eries is generally 
400 to 800 charge cycles. One AGV 
manufacturer promises 1,200 cycles, with 
the recommendati on that almost 10 tons 
of batt eries per AGV are replaced every 2.5 
years. By comparison, fast charge batt ery 
manufacturers quote as many as 20,000 
cycles, which conservati vely equates to a 
10+ year batt ery lifeti me in the FastCharge 
soluti on.

Space is valuable in terminals. The 
increased manoeuvrability of the 
AutoShutt le allows for higher producti vity 
and maximum land usage. AGV terminals 
need waiti ng bays on the apron to ensure a 
suffi  cient number of AGVs to maintain STS 
producti vity. AutoShutt les do not require 
such spaces, and the smaller fl eet reduces 
traffi  c congesti on.

CONCLUSION
When selecti ng horizontal transportati on 
for a terminal, conversion to an all-electric 
soluti on needs careful considerati on. When 
calculati ng the total cost of ownership, 
new factors need to be taken into account, 
in additi on to old criteria such as the type 
and number of vehicles, which can take 
on a new meaning in the green terminal. 
Decoupling ship-to-shore and yard 
operati ons allows equipment to operate at 
its best performance, improving throughput. 
New batt ery technology is under rapid 
development, helped in part by its ready 
acceptance in public transportati on.

Kalmar 
FastCharge™ 
Solution

Contact dome

Charging pole

WLAN communication between
machine and charging station

Charging power station

Pantograph

All essential charging 
information available 
for the driver in 
manual operation

Automated machine position recognition 
and charging sequence

Charging type: DC fast charging

Charging power: 0-600 kW

Time to full charge: 5 min @ 600 kW

Typical charging time in operation: 

30 to 180 sec @ 600 kW
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We are living interesting times at the 
dawn of the next industrial revolution: 
Industry 4.0. How can container terminals 
be prepared for the era of cyber physical 
systems, the Internet of Things and the 
Internet of Services?

Automation was the big thing of the 
previous industrial revolution. As the 
terminal industry is currently implementing 
automation technologies, increasingly 
equipped with remote operational capability, 
at the same time the industry is taking the 
first steps towards the fourth industrial 
revolution.

With automated and remotely supervised 
stacking cranes an industry standard, 
over recent years one of the major topics 
in container handling has been remote 
operations of STS cranes. Looking at the 
number of remotely operated STS cranes 
that have been ordered from an ABB 
perspective, in four years the industry went 
from zero to nearly 80 remotely operated 
STS cranes. 

In parallel with the implementation of the 
new way of operating the cranes, the size and 

complexity of STS cranes has reached new 
heights following the need to adjust to larger 
ships and new shipping patterns. We have 
also seen automation being implemented 
on other terminal equipment, such as 
in horizontal transportation, along with 
crane automation. Consequently, different 
terminals are adopting different strategies 
in terms of the scope of automation and 
new technologies are being implemented 
simultaneously. 

According to ABB’s philosophy, automation 
and remote operations go hand-in-hand. 
Adding remote operation onto an otherwise 
manual crane does not realise the benefits 
of remote operation fully. Automation brings 
the benefits of steady pace and predictable 
production throughout the shift, along 
with a significantly reduced risk of hard 
landings and thereby reduces the cost of 
maintenance. This provides a stable basis for 
remote operation.

The benefits of remote operation are many 
and versatile, as described in Table 1. One 
thing that cannot be emphasised enough 
is the improved working environment 

REMOTE OPERATIONS
TOWARDS A DIGITAL REVOLUTION 
IN CONTAINER TERMINALS

Fredrik Johanson, Head of Sales, ABB Ports, Vasteras Sweden

TABLE 1. BENEFITS OF REMOTE 
CRANE OPERATIONS (STS OPERATION 
PERSPECTIVE): PRODUCTIVITY, SAFETY 
AND REDUCED ENERGY CONSUMPTION
• Improved and more ergonomic working 

environment for crane operators
• Full capacity of cranes continuously utilized
• Better views via onboard cameras than 

from cabin in situations like landing 
containers on a ship/vehicle or handling 
hatch covers close to ground

• Seamless operation without loss of any 
time at shift changes and breaks

• No transportation of staff to/from the 
cranes, which saves time and reduces 
the cost

• No need to change to special clothing or 
gear

• Cranes immediately available
• Enables cranes with even higher speeds 

and faster accelerations to be built and 
deployed.

• Creates a modern working environment 
for the next generation of port workers 
and promotes for diversity among 
terminal staff
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provided by remote STS operations, and 
its impact on operator wellbeing. We also 
see that switching to remote operation 
brings the desired diversity in terminal staff, 
especially among crane operators.

REAL-TIME PROCESS INFORMATION IS 
THE KEY
The introduction of automation systems 
brings IT to the equipment level of 
a terminal. It makes the container 
handling equipment intelligent and more 
autonomous, as well as furnishing it with 
the capability to collect information, and 
identify and verify both containers and 
vehicles to optimise the process. Utilising 
these capabilities at the equipment 
level allows terminal operators to plan 
operations in a new, leaner way. We call 
this ‘node automation with distributed 
intelligence’. In this concept the automated 
nodes of intelligent equipment create 
and execute work orders based on higher 
level instructions from a TOS, and control 
motion, manage safety and optimise 
the work based on real-time process 
information. This means that most of the 
interactions take place between the nodes, 
and the need for interactions with upper 
level systems is significantly reduced. 

Real-time process information and 
information about the container are 
becoming vital and an integral part of 
terminal operations. The availability of 
information about the container at all hand-
off points, preferably arriving at the hand-off 
point before the container itself reaches it, 
allows the process to become more efficient 
and reliable, and moving a large number of 
containers can be done as fast as possible.

TWO REGIONS STAND OUT BUT OTHERS 
WILL FOLLOW
Introducing something new needs time 
to reach its full potential, especially in 
case when several new technologies are 
introduced at the same time. In spite of this 
and the fact that many of the sites are still 
under delivery, the new way of operating 
STS cranes is starting to reach the expected 
level of performance, as defined by 
terminal operators in their specifications. 

There are two regions that stand out as 
early adapters of remotely operated STS 
cranes: the Middle East and Europe. In 
both these regions new, state-of-the art 
and automated terminals have been built 
during the recent years. Due to a high level 
of automation in these terminals, it is natural 
that these regions currently have the vast 
majority of the remote operated STS cranes. 
In the Americas region automation has just 
recently started to gain a footprint, and as a 
consequence of that, we can expect interest 
in remote operations to follow over the 
coming years. 

The bundling of the physical container moves 
with the information about the containers is 
a major driver for future container handling. 
Therefore, for the other regions of the world 
that are now starting to build new container 
handling infrastructure, the choice of going for 
IT and automation falls natural. In the dawn 
of Industry 4.0 this approach is interesting for 
any size of terminal, including terminals with 
planned throughput around or below 0.5 
million TEU. In the evermore connected world, 
every terminal will need to be able to respond 
to requirements on predictable production 
and various needs for information related to 
the containers moved.   

THE FUTURE IS REMOTE – OR IS REMOTE 
THE FUTURE?
The development and deployment 
of intelligent automation along with 
the advancement of communication 
technologies speaks for the expanding scope 
of remote operations in the future. With 
intermodal yard cranes being equipped with 
remote operational capabilities and the same 
automation as stacking cranes, it is possible to 
operate all types of container handling cranes 
from a centralised control room.

The advancement of these technologies 
opens up for new possibilities in organising 
remote operations. In case a terminal 
operator runs several terminals reasonably 
close to each other, the intelligent equipment 
within several terminals can be supervised 
and operated from a consolidated control 
room, as long as the requirement of safety 
classified communication can be fulfilled. 
The crane operator must, for example, be 
able to perform an emergency stop of the 
crane and the command must be able to be 
fulfilled at all times, and performed fast. 

Currently this requires using a 
terminal operator’s own and controlled 
communication network. Only in such a 
network – the so-called ‘black cloud’ – are 
all the components and their quality known 
which enables safe and fast communication. 
In this case, communication between 
the cranes and the control room has a 
guaranteed bandwidth and speed for 
operator commands, and the substantial 
network capacity required for transmitting 
video image without any delays is available.

However, within areas with no time 
critical functions, remote connection offers 
interesting opportunities. For example, it 
allows a terminal operator’s headquarters 
to monitor equipment and processes in any 
terminal almost in real time. Data on the 
equipment and terminal performance can 
be collected from the terminals anywhere 
in the world for analysis, and to facilitate 
improvement in each terminal’s operations. 
Here, neither physical distance nor 
guaranteed speed of the communication are 
obstacles.

Along with automation becoming 
intelligent, and with the advancement 
of communication technologies, process 
equipment will become even more 
like autonomous robots working with 
minimum human interaction. This will 
significantly reduce the need for time critical 
communication between the equipment 
and the operators, and thus will allow the 
operations to be handled over greater 
distances. The networks and processes used 
to be limited to one production facility, like 
a container terminal, but in the future it is 
about interconnected multiple facilities or 
even geographical regions. This future is not 
remote, but remote is definitely the future. 

STS crane operators in the control room of  
DP World’s Jebel Ali T3 terminal in Dubai
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One of the most pressing issues for all 
parties involved in container logistics is the 
new requirement from SOLAS that calls on 
shippers to obtain the verified gross mass 
(VGM) of all maritime containers before 
shipping. The main considerations with 
regard to this that one has to take into 
account are:
1. The weighing may not necessarily be 

executed at the container terminal itself
2. The responsibility for obtaining the 

VGM for full containers lays with the 
shipper

There are also quite a few ways of 
obtaining the VGM technically, however, 
for the purposes of this paper I would 
indicate two essential ones:
1. Weighing of a container using certified 

scales (for example a weighbridge or a 
form of load-sensing device)

2. Weight calculation where gross weight 
of the load inside the container is added 
to the empty container weight

RESPONSIBILITY
The responsibility for validating a VGM 
lies on the federal controlling authorities 

which may vary from country to country. In 
Russia this authority would be the National 
Maritime Register, and they propose an 
electronic declaration of the VGM that is 
authenticated by an e-signature or a paper 
declaration insured by the organisation 
responsible for cargo weighing. 

In order to exchange data containing 
VGMs between the parties involved in 
the container logistics chain, the SMDG 
foundation has come up with new EDIFACT 
format known as VERMAS. Moreover, 
SMDG makes changes to COPARN, CUSCAR, 
CODECO and BAPLIE. Thus, the new 
procedure for all the parties is as follows: 
• The shipper conducts the weighing and 

obtains a VGM 
• The shipper sends it to the shipping line 

(EDI) and the shipping line accumulates 
the data from different shippers and 
then sends new EDIs to the respective 
terminals 

The main task of a container terminal 
is to account for the VGM during the 
planning process. This excludes full 
containers without the VGM indicator 
from the loading list. Both the loading plan 

with VGM authenticated containers and 
the factual data about loaded containers 
should be sent to the shipping line in 
BAPLIE. 

Since most container terminals use a TOS 
for planning and operations management, 
it is essential that the TOS is updated to 
take into account the specifics of the new 
business processes described above.

For example, the TOS must be capable 
of:
• Full VGM accountability
• VGM data availability control
• In case the container is weighed at the 

container terminal, a TOS must create a 
respective record of it and based on this 
VGM record a VERMAS message must 
be formed and sent out

• A possibility of creating a ship loading 
plan based on VGM availability for the 
loaded containers and interdiction to 
load containers without VGM

• Full traceability of container movements 
and when, where and how the VGM for 
the container was obtained 

• Automatically block a container from 
loading when a loading list is generated 

CONTAINER WEIGHING
ARE YOU IT-READY?

Daniel Pershing, Solvo, Saint Petersburg, Russia
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or on the attempt to load the container 
onto the ship

• Notify different users on the event 
of obtaining the VGM from scales 
indicating the method used for that, 
the declaration number, the place of 
weighing, the responsible organisation 
and all other related parameters 

• VGM declaration creation
In case the VGM is obtained by the 

shipper before sending the container to 
the terminal there must be an option 
to indicate the VGM data by the user in 
the truck visit inquiry submitted to the 
container terminal by the shipper or 
cargo forwarder via the Internet or any 
other viable means of communication. In 
case the container was delivered to the 
container terminal without the VGM data 

available, then there must be an option to 
create and process weighing inquiries. 

CONCLUSION
It is still hard to predict what issues will be 
faced by shippers, terminals and shipping 
lines after the first of July, 2016 deadline. It 
is almost certain that there will be various 
difficulties depending on the methods of 
calculating the VGM and the accuracy of 
the obtained parameters from country 
to country as the workflow will differ 
depending on the local regulators ensuring 
the process. However, there is no doubt that 
the preparedness of terminal operators 
to comply with new requirements will 
heavily depend on the IT infrastructure 
and readiness of the current software to 
operate within the new workflow. 
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ASC AUTOMATION
Realti me Business Soluti ons (RBS) and 
Konecranes have been working together 
closely in order to develop and successfully 
implement a soluti on for an automated 
operati on in Terminal Peti kemas Semarang 
(TPKS) in Indonesia throughout 2015. The 
chosen design has adapted an end-loading 
E – ASC concept, in which the terminal 
separates the waterside (WS) and the 
landside (LS) operati ons, thereby enabling 
the use of automated vehicles on the WS. 
This horizontal transport system serves ASC 
container yards consisti ng of two separate 
logisti c loops:
• LS transport: moving containers from the 

terminal truck gate to ASCs and vice versa
• WS transport: moving containers from 

quay cranes to ASCs and vice versa
• The benefi ts have been studied and 

observed from this design, these can be 

compiled as:
• The end-loading design has clearly 

marked interchange areas, and as such 
improves the safety of operati ons

• There is no traffi  c inside the yard, which 
reduces lighti ng requirements and 
improves safety

• It is more effi  cient in its use of faciliti es 
and has a transshipment rati o below 65%

PT Terminal Teluk Lamong (part of Pelindo 
III – an Indonesian state-owned enterprise 
that operates in the port services sector as 
a port operator) is the fi rst green terminal 
in Indonesia which is an eco-friendly 
facility. Situated nearby and to the east 
of TPKS, Teluk Lamong has become more 
environmentally friendly by converti ng 
diesel-fuel to electricity for the loading and 
discharge equipment. The major types of 
equipment used at the terminal are ASCs and 
STS cranes. With the latest green technology, 

this can potenti ally save Teluk Lamong 
around US$12.7 million per year. President 
Director Prasetyadi of TPKS recently noted 
in a presentati on that with energy effi  ciency 
measures that have been taken, Terminal 
Teluk Lamong could lower its operati onal 
cost by more than 40% when compared to 
other conventi onal terminals.

ARTG AUTOMATION
Aft er the successful implementati on of the 
TPKS automated terminal in 2015, Pelindo 
III conti nued onto another automated RTG 
(ARTG) project with the TPKS terminal. In 
August, 2015, TPKS Semarang assigned RBS 
to deliver its Container Terminal Operati ng 
System for in-depth strategic planning with 
solid equipment executi on within a terminal 
for the ARTG operati on; they opted for the 
TOPX-Advance System. TPKS is the second-
largest container terminal in Pelindo III 

RBS TOPX-ADVANCE
AUTOMATION CASE STUDY: 
TPKS SEMARANG
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Figure 1: TOPX-Advance in operation. Left is TOPX-Advance and right is the screen shot of the moves TopX send to ARTGs for execution
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and will be the world’s fi rst commercially 
operati onal automated RTG system on 
completi on. In the future, TPKS will have a 
total of twenty cabin-less Konecranes ARTGs 
operati ng in ten automated blocks.

Since ARTGs are not equipped with a 
cabin or a driver, TOPX-Advance is the key 
component to execute the tasks normally 
performed by the driver. These include:
• Scheduling truck / trail in /out of the 

ARTG block
• Choosing the best job order for each 

ARTG (2 ARTGs in one block)
• Starti ng / ending a job
• Pick-up / set down of container
• Path control to move from current 

locati on to desti nati on
• Avoiding collisions
• Opti mising operati on for LS and WS 

operati on in sync with other yard 
equipment

TOPX-Advance features a unique 
opti misati on tool for dispatching and 
management for ARTGs. It applies dynamic 
working ranges to avoid deadlock scenarios, 
support dual cranes per stack to increase 
effi  cient movements, and automati c 
housekeeping moves for vessel loading to 
reduce waiti ng ti me and provide real ti me 
crane status management. Furthermore, 
TOPX-Advance supports block access traffi  c 
management, and is the very fi rst automati c 
management system used in the Indonesia 
market.

TOPX-ADVANCE: SUMMARY 
• Real-ti me crane status management
• Opti misati on dispatching and 

management for ASCs (ARTG) and 
ARMGs

• Opti mises all work instructi ons following 
the TOPX-EMT (esti mated move ti mes) 
algorithm

• Supports dual cranes per stack to increase 
the effi  cient movements

• Applies a dynamic working range to avoid 
dead lock scenarios

• Automati c dispatch for double handling 
moves to reduce idle ti me 

• Provides block access traffi  c management 
for all internal / external trucks

• Automati c housekeeping moves for 
vessel loading to reduce waiti ng ti me and 
rehandle costs

• Supports Realti me Reefer Area status 
management to ensure human safety

• Integrated with TOPX–Advance Core 
System in order to provide precise 
container inventory tracking

• Supports truck waiti ng area and 
schedules for external trucks

Provides safety constraints 

THE KONECRANES ARTG SYSTEM 
COMPRISES:
• All-electric Konecranes 16-wheel RTGs 

with Acti ve Load Control and GPS auto-
steering

• Remote Operati ng Stati ons (ROSs)

• Truck guidance systems
• Intelligent gates for container stacks
• Interface for miscellaneous container 

yard infrastructure
• Automati on soft ware: operati ng systems 

for ROS, and IT architecture with TOS 
interface

• TRUCONNECT remote services which 
give the customer real-ti me access to 
the Konecranes global network of crane 
experts

Since the fi rst delivery to an Indonesian 
terminal in 1999, Indonesia has become a 
strategically important market for RBS. RBS 
is proud to be delivering the soluti on to help 
Indonesian ports to achieve substanti al growth 
in its nati onwide economy as it advances into 
the future with automated practi ces.

Figure 2: Konecranes ARTG block access control (Press image from Konecranes)
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Ever since the Emma Maersk containership 
was launched in 2006, mega-ships have 
not only grown in size and capacity, but 
have increased in number too. This is a 
trend that is set to continue. 

The trend is being driven by shipping 
companies, as the economy of scale 
of using larger ships on fewer journeys 
reduces the unit cost of shipping goods. 
These efficiencies are especially lucrative 
on the world’s long distance trade routes, 
predominantly between the Far East 
and Europe, but increasingly from South 
America and Africa too.

This increase in mega-ships will continue 
to impact on port operators. Historically, 
ships have always led the way in terms 
of technological advances, with port 
infrastructure adapting to these changes 
reactively. Bigger vessels reduce costs to 
shipping companies, but more complicated 
logistics and larger capacity infrastructures 
mean higher costs to ports. However, 
shipping companies have the luxury of 
being the customer, and will choose 

port stops according to the facilities and 
convenience they offer. If port operators 
don’t want to lose out, they need to adapt 
their assets to accommodate mega-ships.

IN THE HARBOUR
Contemporary mega-ships can be as much 
as 400 metres long, 59 metres wide and 
73 metres high with a carrying capacity 
of 20,000 TEU. With micro engineering of 
existing vessel designs, carrying capacity 
could increase further to 22,000 TEU 
with little or no change in overall hull 
dimensions. The sheer size of these vessels 
affects logistics all the way into the harbour. 
Wider, taller and larger ships lead to higher 
wind loads and are by nature more difficult 
to navigate in to port within existing spatial 
and towage constraints. Bigger or more 
tugs will be needed, and tug operators 
need to be specially trained for the task. 

Mega-ships also need more space 
to manoeuvre approach channels and 
harbour basins. Real time simulation 
can help ascertain optimum navigation 

strategies and optimise harbour upgrade 
requirements and towage provisions if 
necessary. When fully laden, megaships 
with a 16 metre draft will require the 
approach to the quay and the quay pocket 
to be at least this depth plus allowances 
for vessel movement and hydrodynamic 
effects, with seabed conditions sufficient 
to allow access to the port at all tides.

Major European ports provide 17 
metre drafts, while Euromax Terminal in 
Rotterdam provides a 19.5 metre draft. 
Some ports are able to accommodate 
access for megaships into the harbour at 
high tide, with all-tide access at the quay 
only. Ports which don’t offer this draft 
clearance at least at the quay will require 
dredging to provide the necessary depth. 
However, it appears that despite the 
increasing size of megaships, the draft 
of these container vessels has stabilised 
at 16 metres, meaning ports which have 
been adapted to accommodate this are 
unlikely to require further dredging in the 
foreseeable future.

PORTS MUST ADAPT 
TO MEGA-SHIPS TO REMAIN  
COMPETITIVE

Peter Mallin, Senior Project Manager; and 
Alex To, Senior Project Civil Engineer, Mott MacDonald, London, UK
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QUAYSIDE
Mega-ships apply large forces against 
the quay, with greater wind areas and 
displacements. Protection of the berth 
needs to be upgraded or replaced to absorb 
the added tonnage of megaships, while the 
mooring system has to be stronger to cope 
with higher wind loads pushing the ship 
away from its berth. 

For mooring systems, a method adopted 
by some ports involves detailed analysis of 
wind records; if levels are predominantly 
moderate with rare instances of high wind 
such that the risk of downtime is considered 
acceptable, then the operator may decide 
that existing port infrastructure is sufficient. 

Also, the length of quays should be 
considered. A quay of 900 metres or more 
can accommodate two mega-ships at the 
same time, a scenario that will become 
more common as the fleet grows. The 
recent upgrade of Felixstowe Port in the 

UK lengthened the main container quay 
by 190 metres for this reason, making it 
more capable and competitive for when 
megaships become the norm.

PORTSIDE
According to the International Transport 
Forum, all main ports on the Far East/North 
Europe shipping route will receive at least 
one mega-ship each day from 2017 onwards. 
With a greater volume of containers to 
handle and with mega-ships expected 
to remain at the port on average 20% 
longer, it is crucial that these ports plan for 
improvements in the handling of containers 
on and off the ships to reduce the impact on 
turnaround times. Ship-to-shore cranes can 
be upgraded to improve efficiency:

NUMBER OF CRANES: The obvious solution 
is to deploy more cranes, but this is not as 
simple as it sounds. Most quayside cranes 

are designed to be wider than container 
bay blocks which means that space on 
either side is blocked off and cannot 
be worked on by adjacent cranes. This 
issue of bay-blocking requires a complete 
rethink of how quay cranes are built and 
supported at the quayside. One example of 
innovative crane design which eliminates 
the issue is the Fastnet crane concept 
developed by APM terminals, where 
cranes are individually mounted on a single 
elevated girder supported by automated 
and moveable pillars, enabling work to all 
bays of the ship.

The deployment of more cranes usually 
leads to a greater power demand for the 
port which may sometimes be a limiting 
constraint. Even if more cranes are 
adequately accommodated at the quayside, 
the full benefits may not be realised as the 
stowage pattern of containers on the ship 
determines the number of cranes which 
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can work on the vessel. An even spread 
of containers across the bays of the ship 
is required for full utilisation of quayside 
cranes. 

NUMBER OF TEUS HANDLED PER LIFT: The 
number of boxes handled per lift could also 
be increased to improve the handling rate. 
Traditional crane arrangements consist 
either of two TEU or a single FEU (forty foot 
equivalent unit) utilising a single spreader 
and head-block. Modern day innovations 
have seen productivity of cranes improved 
by utilising two trolleys, increased hoist 
speeds and deploying tandem FEU lifting 
configurations using two spreaders and 
head-blocks. A tandem FEU configuration 
can essentially allow for the lifting of four 
TEU, two FEU or a combination of two 
TEU and one FEU in a single lift. Although 
the handling of more containers per lift 
will improve quayside productivity, there 
are a number of associated operational 
factors which need to be considered. 
With the utilisation of tandem FEU cranes, 
congestion at the yard and wharf areas is 
likely to be exacerbated since a greater 
number of tractor trailers are required for 
each lift. To reduce congestion, a tandem 
chassis can be utilised under the crane 
allowing four TEU or two FEU can be 
transported per tractor trailer. The main 
disadvantage of the tandem chassis is 
that the terminal layout might have to be 
reconfigured to accommodate the larger 
and wider tracker trailer system. 

LANDSIDE
Quayside handling efficiency is only one 
part of the puzzle. Once the quayside 
matches the demands of the megaship, 
the efficiency of the terminal yard needs 
to accommodate quayside operations. 
The biggest impact on yardside operations 
will be the increase in operational peaks 
and the duration of these peaks. Storage 
capacity is one of the key choke points 
of the container terminal, and should be 
increased where possible. Long container 
dwell times can also have significant 
impact on yard storage capacity. However, 
to reduce dwell times, significant 
alterations in port administration and cross 
organisational procedures are required 
which may not be easily achievable. Well 
established ports are sometimes unable to 
increase much in size as they are limited by 
adjacent infrastructure, and where onsite 
storage can’t be increased, inland depots 
or dry ports can provide relief to congested 
terminals.

AUTOMATION  
The use of automation is rapidly becoming 
the key tool for ports to increase overall 
productivity and efficiency. Automated 

guided vehicles (AGVs), automated 
straddle carriers (auto-strads) and 
automated stacking cranes (ASCs) remove 
human operators from the process, while 
operational programming can identify 
the most efficient routing and resourcing 
combinations. However, not all ports can 
be easily automated, due to spatial and 
infrastructural constraints. For example, 
more space is needed between the crane 
back reach and container yard areas in 
order to utilise AGVs and auto-strads.

LOCAL TRANSPORT LINKS 
In the UK, where ports are privatised, port 
operators are asked to contribute to the 
cost of upgrading local transport links as 

a result of port upgrades. Working with 
local authorities is crucial to ensuring local 
infrastructure can accommodate more 
frequent peaks in port movements such as 
those that occur when mega-ships call to 
port.

The uptake of mega-ships continues to 
rise steadily, with cost savings to shipping 
companies providing further impetus for 
fewer, larger ships on key trade routes. 
Port infrastructure and cargo handling 
technology appears to be constantly 
playing ‘catch-up’ to ship building 
innovations. However, port operators able 
to adapt to this disruptive change will reap 
the benefits of joining mega-ship trade 
routes.
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It is a recurring question in the planning 
of automated terminals: what is the ‘best’ 
mode of horizontal transportation? For 
many, horizontal transportation is seen as 
one of the most complex components of 
terminal robotisation, and this is right in my 
view. The horizontal transportation system 
connects two (more expensive) pieces of 
equipment (the stacking system and the 
quay cranes), and therefore always fulfils 
the role as a buffer. Furthermore, it consists 
of many vehicles which are dynamically 
interacting in a space that is kept as tight as 
possible. After all, apron space is expensive 
real estate. The question we aim to answer 
in this article is: What is the most cost-
effective automated transportation system, 
with the today available technology? 

Before we do that, we need to discuss 
the accusation of a possible professional 
bias we at TBA may have. It is true that since 
the late nineties, we have carried out many 
studies with the emphasis on automated 

guided vehicles (AGVs) of various kinds. 
This work led to the implementation of the 
Lift-AGV at the new terminals in Rotterdam. 
In those studies, however, it was always 
the Automated Lift Vehicle (ALV) – also 
addressed as the automated shuttle carrier, 
or automated sprinter - was part of the 
comparison. The information with regard 
to the AGVs mostly came from former 
Gottwald, nowadays Terex Port Solutions 
(TPS), whereas most information with regard 
to the ALV came from Kalmar (Cargotec). 

The analyses were based on detailed time 
and motion studies of existing automated 
systems, for instance at CTA (Hamburg), and 
later at Patrick’s in Brisbane and Euromax in 
Rotterdam. In the study carried out for APMT 
Maasvlakte 2, an extensive peer review and 
validation of our simulation work has been 
done by an expert third party. This validation 
study did not reveal any irregularities or bias 
towards any of the systems. 

Finally, during the implementation 

process of the terminals in Rotterdam, a 
performance comparison between the real 
AGV system and the simulation was carried 
out. This test – highly recommendable by 
the way for any operator implementing an 
automated system – had a duration of at 
least 4 hours (even 8 at Rotterdam World 
Gateway) and did not deviate more than 5% 
from the simulation that determined the 
number of vehicles required to achieve the 
target performance. The result in both cases 
was more than satisfactory: the deviations 
were well within the tolerances, which 
means that our model of Lift-AGVs and its 
control system is very close to reality. 

For the ALV system this is lesser the case, 
hence we had to design the control logic 
ourselves. Meanwhile, TPS also developed 
and tested an ALV, of which the specifications 
could be used. The remainder of this article 
focuses on the comparison itself. First, we 
discuss the principle pros and cons of each 
of the systems (AGV, Lift-AGV and ALV) in a 

AGV VERSUS LIFT AGV 
VERSUS ALV
A QUALITATIVE AND QUANTITATIVE COMPARISON
Dr Yvo Saanen, Managing Director, 
TBA, Delft, Netherlands 
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combined qualitative and quantitative way. 
Subsequently, we discuss some quantitative 
results from a recent comparison study. 
Finally, we conclude the picture with a cost 
comparison. 

QUALITATIVE COMPARISON
In the qualitative comparison, we focus on a 
number of different aspects:
• Apron size
• Wheel load
• Energy consumption
• Maintenance
• Interaction with the QC
• Interaction with the ARMG

• Travel performance (speed, acceleration, 
deceleration)

• Technical complexity (breakdown risk, 
recovery, flexibility)

APRON SIZE
The apron size is important as it determines 
how much real estate is required for a 
certain terminal throughput. In the cross 
sections below, two possible high density 
and high performance layouts are shown. 
There is little difference between the three 
systems (see the layouts of ALV and AGV 
in Figure 1). The fact that we chose to 
show layouts with four highways with ALVs 

and six with AGVs, is not because the fifth 
and sixth highways do not benefit the ALV 
system; they do. However, we reckon it takes 
too much (expensive) space, hence the 
performance impact (limited to 1-2 bx/h) we 
take for granted.

In the back reach of the quay crane four 
transfer lanes can be installed. All transfer 
lanes are also used as drive through lanes 
which means that picking up or dropping 
a container with an ALV occupies a drive 
through lane. Due to the driving patterns 
of ALV neighbouring lanes can be affected 
when entering transfer points. In contrast 
to this, in the AGV concept transfer lanes 
and drive through lanes are separated and 
can be used independently. In a typical back 
reach, four transfer lanes and two to three 
drive through lanes can be realised.

Some argue that the ‘parallel buffer’ 
(the space where vehicles can wait until 
approaching the lanes in the back reach of the 
quay crane) is not required in case of ALVs. We 
completely disagree with that solution, when 
it concerns large terminals that require high 
performance. It may work when there are 
only three to four cranes at max on a vessel, 
but as soon as it exceeds that, a waiting area 
is required. More so because the ALV cannot 
always enter in case the quay crane (QC) is 
accessing the interchange zone. Actually, 
the AGV can access the transfer zones more 
frequently, as it can wait under the QC, where 
the ALV cannot. 

 WHEEL LOAD
The deadweight of the vehicle, the 
maximum pay load and the number of 
wheels determine the maximum wheel 
loads, which is an important factor in the 
pavement design. In the below table, the 
static values (dynamic influences for ALV will 
be higher due to higher center of gravity) for 
various types of vehicles are shown:

Two things can be seen in Figure 3: the 
wheel loads of an AGV and ALV are almost 
the same, where the maximum pay load 
of the ALV is 20 tonnes (t) less. This is an 
issue with twin containers above 50t, which 
is typically 5-10% of the twin pairs. They 
have to be delivered in singles, reducing the 

Figure 1: A typical cross section of a high density, high performance ALV apron

Figure 2: A typical cross section of a high density, high performance lift AGV apron

Figure 3: Vehicle weights and wheel pressures

Type of vehicle
AGV (diesel-electric / battery-

electric)
Source: Terex

Lift AGV (diesel-electric / 
battery-electric)

Source: Terex

ALV (diesel-electric)
Source: Kalmar

Vehicle dead weight 26t / 26t 31t / 31t 52t

Maximum pay load 70t 70t 50t

Number of wheels 4 4 6

Wheel load(@50t load) 19.0t 20.3t 17.0t

Wheel load (empty) 6.5t 7.8t 8.7t

Wheel load (@25t load) 12.8t 14.0t 12.8t

Parallel Buffer

Parallel Buffer
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productivity of the ALV substantially. This 
can already be observed in many straddle 
facilities that have twin-lift QCs, and single 
lift straddles: during twin-lift operation, the 
QC is waiting for the straddles, despite the – 
in the end – higher QC productivity (as it lifts 
two containers per cycle).

ENERGY CONSUMPTION
Fuel (or energy) consumption is an important 
cost factor when a machine operator is taken 
out of the equation. Obviously, a heavier 
machine consumes more fuel, especially in 
an operation where there is a lot of starting 
and stopping, as acceleration consumes 
most power. In addition, there is the need 
for lifting (Lift-AGV) and hoisting (ALV) that 
requires additional energy. Apart from the 
demand, there is the possibility to run the 
machines completely by battery; increasing 
the energy efficiency quite dramatically 
and resulting in a real zero-emission when 
purchasing green energy. In a linear fashion 
this also affects the CO2 emissions, which 
are two (diesel-electric) to ten (battery-
electric) times less between a Battery AGV 
and a diesel electric ALV. The  Lift-AGV hovers 
somewhere in the middle, being heavier, 
and having to lift the containers at the 
interchange with the stacking crane (ARMG).

MAINTENANCE
Maintenance practices worldwide vary 
tremendously and solid comparative data is 
hard to get. Not least because maintenance 
cost are measured quite differently. 
Typically, one should consider the labour 
hours involved, the spare parts required, as 

well as the wearing materials such as tyres 
and lubricants. 

In general, one can say that the less 
moving parts, the less maintenance, and as 
a consequence, the battery AGV is very low 
on maintenance, followed by the Lift-AGV. 
Most maintenance – and easily five times 
as much per running hour – is the ALV. A 
hoisting mechanism, a spreader that locks 
and unlocks all the time, a heavier vehicle, 
a powerful diesel drivetrain and difficult 
accessibility of components: these are all 
factors that make it maintenance intensive. 
If we would have to rank them, the following 
table results:

INTERACTION WITH THE QC
An area of much confusion and 
misunderstanding is the interaction with 
the QC. It is obvious to everyone that the 
AGV and Lift-AGV have a linked interchange 
with the crane, where ALV has an unlinked 
interchange with the crane. This inevitably 
means that the QC should never wait for 
the AGV, and in most cases the AGV has to 
wait for the crane (as it is supposed to be). 
Most operators think that the ALV never 
has to wait for the crane or vice versa, 
which is a misconception. When the QC is 
going to be at the transfer point, the ALV 
cannot always enter (it depends on the 
transfer point arrangement, but the access 
is certainly limited). The other way around 
is also true: in some cases the QC cannot 
enter because the ALV is at the transfer 
area. As a result, both QC and ALV lose time 
during this interchange process.

Moreover, the picking up and dropping off 
of the container takes a substantial amount 
of time. Whereas crane and AGV will find 
each other blindly, the ALV has to search 
for the container, which is inherently slow 
(in practice we measured here interchange 
times of 60-120s, whereas the handshake 
crane-AGV typically takes in the range of 15-
30s).

Another complicating factor is access 
to the QC. As vessels are getting wider, 

the crane density on a vessel is increasing 
(sometimes to up to six to eight cranes). 
This leads to large clusters where access is 
limited (see Figure 5). AGVs are 3 metres 
wide, ALVs just over 5 metres, requiring 
lanes of 4 metres and 7 metres wide to 
drive on, respectively. Furthermore, the 
ALV needs to align before it drives over the 
container, where the AGV is not slowed 
down by containers standing on the ground. 
Driving over other containers (standing 
on transfer points of neighbouring cranes) 
seems so convenient, but takes place at 
very low speed (typically less than 5 km/h), 
blocking access of the QC to those transfer 
zones. 

 As a consequence, we observe waiting 
times and the need for queueing also for 
ALVs, before entering the transfer zones, 
which requires space. This becomes worse 
in case a QC is operating in tandem 40, or 
quad 20, mode. Since ALVs cannot access 
two adjacent transfer lanes simultaneously 
(due to the limited spacing a dual hoist or 
tandem spreader can achieve between 
containers), the ALVs have to pick-up the 
containers individually. As the duration of 
two consecutive pick-up moves exceeds 
the cycle duration of the QC, the only way 
is to use at least four interchange lanes. As 
can be seen in above figure, this becomes 
quite complicated, if not impossible in case 
of large clusters. On the contrary, with AGVs 
side by side access is quite easily realised, 
especially because the solutions existing 
today, already cater for two adjacent 
transfer lanes per QC. 

A last remark plays a role in areas with 
swell: the vessel may move along the 
quay, causing the transfer point to move 
(up to 50 centimetres left and right). If a 
container is already placed by the ALV, the 
QC needs to gantry (at very low speed) to 
fetch the misplaced container, which will 
considerably reduce the crane productivity. 
AGVs, waiting for their turn, will follow the 
crane automatically, as such not influencing 
the STS productivity. 

Figure 4: Fuel consumption and emission data (diesel at 1 Euro per liter, and energy at 0.15 Euro per kWh)

Type of vehicle AGV (diesel-electric/ 
battery-electric)

Source: TPS

Lift AGV (diesel-electric/ 
battery-electric)

Source: TPS

ALV (diesel-electric)
Source: TPS

Vehicle weight 26t / 26t 31t / 31t 52t

Fuel / energy consumption per hour 7.5 L / hour or 17 kW / hour 
(equivalent to 1.9 L / hour)

12.0 L / hour or 27 kW / hour 
(equivalent to 2,5 L / hour) 17 L / hour

CO2 emission per hour 19.3 kg / h or 
4.9 kg / h

30.9 kg / h or 
6.4 kg / h 43.6 kg / h

Energy cost per move 1.25 € / 0.43 € 1.33 € / 0.45 € 1.70 €

Note: 2.6 kg CO2 per L diesel, or 0.24 kg per kWh electricity.

 

Vehicle type Maintenance level
Battery AGV 1
Battery Lift AGV 2
Diesel-Electric AGV 5
Diesel-Electric Lift AGV 6
Diesel hydraulic AGV 7
Diesel-Electric ALV 9
Hybrid Diesel-Electric ALV 9
Diesel Hydraulic ALV 10
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INTERACTION WITH THE ARMG
At the stacking crane (automated rail 
mounted gantry, or ARMG), the decoupling 
(interchange) is less cumbersome, especially 
for the ALV. The interchange zone consists of 
nicely aligned lanes, typically off ering up to 
16/20 TGS space, even usable two high. The 
interference between ARMG and ALV is less 
(due to the lower producti vity of the ARMG 
compared to the QC: an ARMG accesses the 
interchange zone 10-15 ti mes per hour, the 
QC three ti mes more), and can be controlled 
by the ECS in an easy way, as both are serving 
the QC.

Here we can then observe the largest 
benefi t of ALV over AGV and to a lesser 
degree over the Lift -AGV. The Lift -AGV 
also allows for decoupling through the 
rack, but this buff er has less capacity, and 
there are sti ll containers (such as tank 
containers) that cannot be transferred 
through the rack. When we analyse the 
durati on of a typical AGV cycle, we see 
that the AGV waits at the ARMG transfer 
point to be served in the range of 35-45% 
(of the enti re cycle) under peak conditi ons 
(meaning also the ARMG’s are under 
pressure). Lift -AGVs and ALVs only spend 

approximately 5% at the ARMG transfer 
point, which immediately explains the 
benefi t of Lift -AGVs over AGVs. 

If we compare the size of the ARMG 
interchange, we also see clear diff erences. In 
case of a nine wide stack (a typical average 
value), we see fi ve AGV transfer lanes, four 
racks plus one direct interchange lane, or four 
independent transfer lanes for ALVs which 
are four TEU deep. The total decoupling 
possibiliti es hence range from 0 (AGV), to 
eight TEU (Lift -AGV) to 16 TEU (ALV). The 
larger buff er of the ALVs has another benefi t, 
as has the rack interchange to a lesser 

Figure 6: Lift  AGVs entering the racks

Figure 5: Access with ALVs to a dense cluster of 5 QCs
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extent: it improves peak productivity of the 
ARMG’s by 10-15%, and by 5-10% in case 
of the Lift-AGV. So for a proper comparison 
between transportation systems, this is 
also a factor.

TRAVEL PERFORMANCE 
At equal waterside productivity, every 
horizontal transportation system has to 
deliver the same number of movements per 
hour. This means that the traffic – except 
for the space occupation of an individual 
vehicle – is equal as well, regardless of 
the amount of vehicles in operation. More 
important is the actual space consumption 
of an individual vehicle while driving. This 
is in the first place determined by the size 
of the vehicle, but also by the speed and 
the achievable acceleration/deceleration. 

 Automated vehicles drive according to 
the ‘brick-wall’ concept, reserving space 
ahead of them equal to their braking 
distance extended with safety distance 
needed to compensate for reaction 

time. So the faster they drive, the more 
space is being reserved (with increases 
quadratically with speed increase). The 
actual deceleration helps to decrease 
the space consumption. This is one of 
the reasons why faster driving does not 
necessarily result in a higher vehicle 
productivity. Moreover, the speed in 
curves is also limited, and the vehicles 
need to decelerate to this lower speed 
before entering the curve – as such posing 
a blockage to succeeding vehicles on the 
same path. Compare it to normal traffic: 
if you follow a car that has to take a turn, 
it slows down before doing so, causing a 
ripple effect behind him. 

SUMMARY PROS AND CONS
Within the preceding sections we 
discussed various aspects of the options 
for automated horizontal transportation. 
In summary, we have listed the system, as 
well as a benchmark in the form of manual 
shuttle carriers (see Figure 10). 

PERFORMANCE AND COST COMPARISON
A single performance comparison 
between the systems in question cannot 
be made. Various terminals pose different 
circumstances, and therefore different results. 
Especially the type of QCs, the number of 
ARMG’s in relation to the number of QCs, as 
well as the overall targeted performance level 
determine to a great extend how large the 
fleet of vehicles needs to be to achieve the 
targeted performance levels.

However, if we have to provide a rule of 
thumb to compare the system, comparing 
results from at least 15 different terminal 
simulations across the world, the following 
ratio results (note that prices may vary based 
on commercial conditions; they should be 
treated as indicative):

 In Figure 9, we see that the most 
productive vehicle is the manual shuttle 
carrier, which is proven in several highly 
productive ARMG-shuttle carrier operations. 
The ALV, due to restrictions in traffic, and 
at the QC, performs significantly less well, 

Figure 8: Kinematics of vehicle types (Source: TPS)

Battery-AGV Battery-Lift-AGV ALV

Max. speed (empty) 6 m/s 6 m/s 6.6 m/s

Max. speed (@50t) 6 m/s 6 m/s 5 m/s

Max curve speed (empty, 10m radius) 3 m/s 3 m/s 2 m/s 

Max. curve speed (@50t, 10m radius) 3 m/s 3 m/s 2 m/s

Acceleration (empty) 1.0 m/s2 1.0 m/s2 0.45 m/s2

Acceleration (@50t) 0.5 m/s2 0.5 m/s2 0.38 m/s2

Deceleration (empty) 1.0 m/s2 1.0 m/s2 0.5 m/s2

Deceleration (@50t) 0.5 m/s2 0.5 m/s2 0.5 m/s2

Figure 7: AGVs waiting for each other
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hence to achieve the same producti vity 
level, more vehicles are required. The lack 
of decoupling of the Lift -AGV, requires 
an additi onal 0.5 vehicle per QC, despite 
other advantages in traffi  c compared to 
the ALV. The AGV system is least producti ve 
(per vehicle), mainly due to the coupling at 
ARMG and QC, which costs about 50% of its 
theoreti cal performance. 

The picture changes however when we 
combine the performance fi gures with the 
fi nancials. We decided to quanti fy this as a 
CAPEX per QC and a yearly OPEX per QC (for 
the vehicle system). Here we can observe 
that in a developed country (with high labour 
costs, here assumed at 50 Euro per hour), 
the manned system is much more expensive 
than the automated systems. Already within 
the fi rst year, the additi onal CAPEX for any of 
the automated systems is earned back. 

This leaves us with the comparison 
between the automated systems: here the 
lowest CAPEX and OPEX are achieved by the 
batt ery Lift -AGV, not in the least because of 
the much lower OPEX (the benefi t of the fully 
electric drive and hence lesser maintenance, 
as well as the energy consumpti on being 
much lower) outperformance both the 
batt ery AGV and the ALV.

CONCLUDING REMARKS
In our view, momentarily the batt ery 
driven Lift -AGV provides the best value 
for money and can present zero-emission 
at reasonable investments. The att racti ve 

performance of manual shutt le carriers 
in some terminals is no guarantee that an 
ALV will show the same high producti vity. 

As can be seen from our simulati ons, 
there is a substanti al decrease in vehicle 
performance to be expected when 
modifying manual shutt le carrier system 
into an automated ALV system. 

From a total cost of ownership point 
of view the Lift-AGV may prove to be 
the most attractive concept. However 
some operators prefer simplicity and 
lower infrastructural investments that an 
AGV brings. The somewhat larger fleet 
of vehicles (in an AGV system) has the 
advantage of less risk from breakdowns 
and the replacement of vehicles (at the 
end of their lifetime) will come much 
later in time. After all, ECT, CTA and 
Euromax are proving to be very successful 
terminals, with reliably high performance 
levels. 
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Figure 9: Performance and cost comparison (note: labour @50 Euro / h, 1.5 men per machine hour, fuel at 1 Euro / l, electricity at 0.15 
Euro / kWh)

KPI Manual ShC ALV B-Lift -AGV B-AGV

# vehicles per QC 3.0 3.5 4.0 6.5

Vehicle net producti vity (bx/h) 14.0bx/h 12.0bx/h 10.5bx/h 6.5bx/h

Achievable QC producti vity (net, bx/h) 42.0bx/h 42.0bx/h 42.0bx/h 42.0bx/h

Cost per vehicle (incl. racks) € 750k € 850k € 680k € 540k

Total CAPEX (vehicles) per QC € 2,250k € 2,975k € 2,720k € 3,510k

Hourly operati ng cost (incl. labour) € 117 € 37 € 14 € 10

Yearly OPEX (at 5,000 hrs) per QC € 1,755k € 648k € 281k € 310K

Figure 10: Overview of qualitati ve KPI's (here green = best, orange = middle; and red = worst)
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What does an “automated” marine 
container terminal look like in 2016? 
Straddle carriers and RTGs can be 
automated but these are rarely used as 
the backbone for an automated terminal 
due to lack of density or poor performance 
from a rubber tyred interface compared 
with steel wheels running on a steel rail. 
Canti lever RMGs running parallel to the 
quay are a viable opti on in places with 
cheap labour (horizontal transport is sti ll 
manual) or that have a lot of transshipment 
or have street trucks that frequently pull 
multi ple trailers (and can’t back into an ASC 
buff er eff ecti vely). Container warehouses 
or terminals based on overhead structures 
may also be a viable opti on for very high 
density situati ons, but for most people 
an automated terminal implies the use of 
automated stacking cranes (ASCs).

ASCs are portal frame RMGs that load 
from the end of the stack. Aft er picking a 
container from the end, the ASC gantries 
with the container to or from the desired 

storage positi on in the container yard (CY).  
These ASC storage blocks are typically 
arranged perpendicular to the quay, but 
this is not an absolute requirement. The 
powerful advantage of ASCs over other 
terminal opti ons is physical separati on of 
gate and vessel traffi  c, which allows use of 
automated transport from the quay to the 
container yard.  

THE ASC TERMINAL 
The fi rst ASC terminal was built in 
Rott erdam in the early 1990s and at this 
point there are approximately two dozen 
ASC terminals in the world. Container 
handling hardware and soft ware makers 
are very familiar with them, and they 
generally pose litt le technical risk. Figure 
1 shows an example automated terminal 
at Euromax, Rott erdam.  Note the overall 
rectangular shape, ASCs perpendicular to 
the quay face, and on-terminal intermodal 
railyard (IY) at the rear of the terminal.

There are four opti ons for horizontal 

transport in an ASC terminal: standard 
automated guided vehicles (AGVs), lift  
AGVs, manual shutt les/straddles, or 
automated shutt les/straddles. Table 
1 summarises the key strengths and 
weaknesses of each and some examples 
of where each technology has been 
deployed:

MANUAL VS AUTOMATIC 
In ports with large pools of trained and 
reliable straddle carrier drivers, manual 
shutt les are an appealing opti on as they 
are typically able to achieve high quay 
crane producti vity and require less ti me 
for testi ng than fully automated transport 
opti ons. Fully automated terminals have 
a generally poor record of quay crane 
producti vity, especially at startup, due to 
the complexity of managing a large pool of 
roboti c vehicles that operate in a large area 
of open pavement.  

Human beings by contrast are quite 

AUTOMATED CONTAINER 
TERMINAL PLANNING
THE FUNDAMENTALS 
Mark Sisson, PE, Senior Port Planner, 
AECOM, California, USA 

FIGURE 1: Euromax Rotterdam
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good at driving vehicles and improvising 
their way through complicated situations 
(there is a reason that driverless cars that 
are effective in the real world are still 
some way off).  This performance gap may 
shrink over time as hardware and software 
vendors gain more experience, and as 
firms outside the industry, such as Tesla 
and Google, continue to invest in robotic 
vehicle technology.

TERMINAL LAYOUT  
Terminals that are non-rectangular in 
shape can see a great deal of benefit in 
the use of strads as opposed to shuttles 
or AGVs in order to maximise the storage 
potential of these areas. The TraPac 
Terminal in Los Angeles is a good example 
of this. The tip of the triangular terminal, 
shown in the foreground of Figure 2, is 
filled with straddle carrier storage rows. 

This area would be wasted in an AGV 
terminal because AGVs need an overhead 
crane to remove or place a container 
whereas a straddle carrier (strad) can both 
lift and carry a container. 

KEY ELEMENTS OF ASC DESIGN 
The biggest influence on terminal 
design is the fraction of cargo moving by 
transshipment or by rail. For transshipment 

Mode ADVANTAGES Disadvantages Example Terminals

AGV Cheapest per-machine cost.  
Proven record with battery 
powered machines

Coupled operation requires the 
most machines.  History of poor 
quay crane productivity at project 
startup

Euromax, Rotterdam
CTA, Hamburg

Lift AGV Decouples the AGV/ASC 
interchange, which potentially 
increases productivity and/or 
reduces the required number of 
AGVs

More expensive than regular 
AGVs.  AGV/Quay crane handoff 
is still coupled.  ASC rack 
infrastructure required

APMT MVII, Rotterdam

Manual shuttle (or 
strad)

Decoupled storage on each end 
of the move between quay and 
CY.  Ability to use irregular areas 
for extra storage.  Track record 
of high quay crane productivity 
at project startup.  Less testing 
required at startup.  Can easily 
phase from manual strad 
terminals

Higher cost per machine than 
AGVs.  Labor cost and reliability 
are issues not found in robotic 
machines.  Full electric machines 
are only in prototype stage

Khalifa, Abu Dhabi
Algeciras, Spain
APMT, Virginia
GCT Global, NJ
CTB, Hamburg
DPW, London Gateway

Automated shuttle 
(or strad)

Potentially high productivity and 
low labor cost

Unproven track record of 
performance.  Highest capital cost 
per machine

TraPac, Los Angeles

Table 1: Horizontal Transport Options for ASC Terminals

Figure 2: TraPac, Los Angeles
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terminals, it may be worth studying 
alternatives with ASC rows running parallel 
to the quay as opposed to perpendicular. 
This allows both ends of the stack to be 
used effectively for transshipment. Using 
the traditional perpendicular alignment 
of ASCs in a transshipment terminal can 
also work (it was done in Algeciras, for 
example) but it leaves the landside ASC 
crane underutilised and may generate an 
excessive amount of rehandling moves 
to properly utilise all of the terminal’s 
container storage. Transshipment terminals 
may benefit from an oversized waterside 
block of storage served by cantilever RMGs 
to maximise accessibility to the most useful 
storage location on the terminal.

Most traditional “fully automated” 
terminals like Euromax or CTA Hamburg 
use a completely manual tractor move to 
transfer a container from the ASCs to the 
on-terminal intermodal railyard (IY). This 
may be fine for terminals with 10% of cargo 
moving via rail, but some terminals on the 
West Coast of North America move over 
50% of vessel cargo via rail, and may be 
more motivated to explore options to allow 
automated vehicles to move containers 
between the CY and IY.  

Physical separation of manned and 
automated equipment is one of the 
fundamental principles of automated 
terminal design, so terminals that want to 
connect the CY and IY with robots have two 
options:
1. Restrict gate trucks to a limited area of 

the terminal and allow at-grade access 
for robots in the remainder.  This is 
the strategy employed by TraPac in Los 
Angeles.  The tip of the triangle in the 

foreground of Figure 2 is an area for 
robots only

2. Use a bridge crane to lift containers over 
street trucks and connect the CY and IY 

Option 2 has yet to be used in an 
example terminal but was described in 
detail in an article in the July, 2010 edition 
of Cargo Systems Magazine. An example 
plan and section view of this option is 
shown in Figure 3. It offers the advantages 
of allowing gate trucks full access to all 
of the AGV stacks, and will have a much 

lower operating cost than use of AGVs or 
automated shuttles.

Although much seems to be settled 
in 2016 for automated terminal design, 
there are still opportunities for innovation 
and improvement. Differences in terminal 
shape, cargo mix, labour cost and 
productivity, and other considerations will 
continue to push terminal development 
in different directions as more terminals 
around the world make the leap to 
automated operations.

Rail RMGs Bridge Crane Transfer System Container Yard ASCs
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A new era is beginning in the container 
handling industry thanks to the rise 
of the Industrial Internet, the world’s 
hyper-connectivity, and the automation 
of container terminal operations. New 
business and operating models are being 
revealed that offer great opportunities. 
With that new risks are also being 
revealed. Opportunities can be exploited 
and risks can be minimised by building a 
sound IT network architecture. 

THE INDUSTRIAL INTERNET 
The Industrial Internet (more commonly 
called the Internet of Things) is the next 
phase in the period of evolution that 
began with the industrial revolution 
and continued with the Internet/IT/
digital revolution. The Internet has been 
profoundly changing our way of life 
over recent years. People are now more 
connected, privately and professionally, 
than ever before in human history. 

This dynamic is now moving, thanks to 
advances in communication technology 
and connectivity, to the world of machines.

In the container handling industry, 
we can imagine an Industrial Internet 
world where every container crane is 
interconnected in the container terminal 
and throughout the logistical chain from 
point of shipping to point of delivery. 
The interconnectivity could include the 
goods owner, the point of the shipping 
container terminal, the shipping line, the 
receiving container terminal, the railway 
and trucking company, freight forwarders, 
and intermodal operators. In this scenario 
there are enormous opportunities to 
optimise delivery efficiency and reliability. 
All points in the container distribution 
chain are interconnected in theory – 
what might happen if they become 
interconnected in reality?

Machine service and maintenance 
is the area in which the Industrial 

Internet can bring the most immediate 
improvement. We are already seeing 
significant progress in this area. Crane 
manufacturers are delivering container 
cranes with built-in remote connectivity to 
crane manufacturing service centers. The 
cranes generate usage data on e.g. energy 
consumption, working hours, diagnostics 
sensors, safety alerts, and so on. The data 
is sent in real-time to the remote service 
center, where it is stored and analysed 
programmatically. The goal is to move 
from regularly scheduled maintenance 
regime to a real-time need approach, and 
on to a pre-emptive approach that can 
greatly reduce unscheduled downtime.     

THE INTERNET IS THE BIGGEST THREAT
The Industrial Internet is an infrastructure 
of connected machines, a platform and 
foundation for real-time services. It 
contains many different levels of data, 
of varying degrees of importance and 

THE NEW ERA OF 
CONTAINER PORTS 
THE INDUSTRIAL INTERNET 
Sampo Pihkala, Product Manager: Industrial Internet, 
Konecranes Port Cranes, Hyvinkaa, Finland 
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sensitivity, but it all needs to be transferred 
and handled reliably and securely. A sound 
IT network architecture is the key to this, 
and to successful TOS implementation and 
automated container handling. 

When discussing the Industrial Internet, 
we need to use the word “Internet” 
with caution. The public Internet is the 
biggest cybersecurity threat imaginable 
to the IT network architecture that a 
container terminal needs to have. An 
Industrial Internet platform should never 
rely on public Internet connectivity – no 
matter how attractive and affordable 
an option it seems to be. The Industrial 
Internet should not contain even the 
remotest possibility that peoples’ heart 
pacemakers, or a container terminal’s STS 
crane control systems, could be accessed 
from the public Internet, regardless of 
the “impenetrability” of its surrounding 
security, encryption and access 
management. This is not about paranoia; 
it is about being uncompromising with 
safety. 

DRAWING FROM EXPERIENCE 
Konecranes has been developing its 
Industrial Internet capability and reach 
for about ten years. At the outset, it was 
understood that two-way communication 
and secure connectivity were required, 
which disqualified Internet-based 
solutions. A private APN and a cellular-
based global connectivity platform was 
selected and implemented. 

A lot of progress has been made in the 
last five years. Today, over 12,000 cranes 
are connected and online in some 80 
countries. About 1,000 container cranes 
and lift trucks are connected and online, 
most of them located in places where 
Konecranes does not have a local service 
presence. This population of online lifting 
machines gives exciting possibilities to 
develop digital services. Konecranes’ 
service business is collecting, sifting and 
analysing the growing body of data that is 
being generated. 

This is just the beginning. Konecranes 
has an ambitious vision of the Industrial 
Internet. But getting this far required the 
complete commitment of the company’s 
top management and the right technology 
decisions. 

PRINCIPLES OF SOUND IT NETWORK 
ARCHITECTURE
The IT network architecture needs 
to be designed and built with top 
management commitment, based on 
clear business requirements and a 
long-term technology strategy with 
scalability. This is entirely doable. A 
container terminal will get far by starting 
with general compliance with laws and 

Figure 1 (top). The Konecranes 
Industrial Internet platform, the 
foundation for its real-time digital 
services: TRUCONNECT® is a 
remote service capability that is 
delivered as a standard feature 
with virtually all Konecranes lifting 
equipment; Figure 2 (middle). 
The Konecranes Industrial 
Internet architecture. The reliable 
connectivity platform offers API’s 
for new requirements such as 
SOLAS/CGMV to be utilised by 
any TOS/ERP system; Figure 
3 (left). Automated container 
handling system: IT network 
redundancy ring topology. 
The most time-critical safety/
control bus communication has 
dedicated physical network 
interfaces to secure the data 
flow, maintaining crane operation 
even if link/hardware failure 
occurs
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regulations, using off-the-shelf products 
for network build and implementation. 
An established Prepare/Plan/Design/
Implement/Operate/Optimise approach 
will work well to reduce the network’s 
‘Total Cost of Ownership’, improve the 
agility of operations, increase access 
speed to applications and services, and 
increase the availability of required 
applications and services. To date, many 
container terminals have done only the 
“Implement” part.

When designing an IT network 
architecture for automated container 
handling systems (ARMG, ARTG) certain 
basic principles should be followed. The 
most time-critical safety and control data 
flows should be isolated from all the 
other data communication streams – both 
virtually and physically. A redundancy 
topology should be designed and built 
to meet the terminal’s operational 
specifications in case of hardware failure. 
The convergence of the redundancy 
protocol needs to be quicker than the 
permitted timeout of the safety bus 
communication. A traditional STP is not 
quick enough to keep the automated 
operation running if topology changes 
occur in the IT network infrastructure.

The control and safety data traffic is 
very time-critical but the network also 

needs to handle potentially hundreds 
of HD-capable video streams needed 
for remote operation station operation 
in ARMG and ARTG systems. There is an 
obvious need for high bandwidth: the 
video and audio streams need to be in 
real-time. Carefully designed multicast 
routing with prioritised traffic definitions 
are the key elements for smooth handling 
of the AV data streams.

CYBER SECURITY AND CONTAINER PORTS
Security is extremely important throughout 
the IT network build process, affecting 
the IP and VLAN design, L2 and L3 ACL 
setups, and so on. A complete inventory 
of the production data flows should be 
taken: this is the fundamental information 
for implementing access control in the 
network. When the permitted traffic is 
known, defined and verified, security 
back-doors can be eliminated. The security 
of the network is only as strong as its 
weakest link.

Cyber-attacks have occurred in every 
industry in recent years. Soft targets 
are attacked first and most often. 
Understanding the security issues, and 
designing security into the IT network 
architecture at every phase of its build are 
the keys to bringing your container port 
safely into the Industrial Internet.
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Over the last 25 years, automation has 
entered into the operations of container 
terminals and today almost 30 terminals 
have installed automated handling and/
or transportation of containers through 
centralised control systems and combined 
them with some kind of automated 
gate control and features for automated 
container ID and X-ray inspection. The most 
elaborate automation has been installed in 
terminals in Hamburg (CTA), Long Beach 
(LBCT) and Rotterdam (Euromax, APMT 
and RWG), where both the stacking and 
waterside transportation is fully automated 
and the landside delivery/receipt to the 
road is done by remote control. Even the 
transportation to the railhead could be 
automated (APMT with automated guided 
vehicles designed as active Lift-AGVs).

Notwithstanding the large benefits 
from cost savings and reliable, well-
planned operations, the implementation 
of automation in terminals has developed 
rather slowly. Some terminals have even 
decided to take a risk-avoiding approach 
and selected a partly automated concept, 
limited to an automated stacking yard 

and a control system for the scheduling 
of manually operated transportation 
equipment between ship-to-shore (STS) 
cranes and the stack area (e.g. sprinter 
carriers).

Generally speaking, an automated 
horizontal transportation system 
for waterside operations in a multi-
million terminal is the most challenging 
automated terminal sub-system. It 
includes a sophisticated scheduling and 
dispatching module, position monitoring, 
dead-lock control and heavy-duty vehicles, 
capable of running more than 5,000 hours 
per year with a large MTBF.

TPS SETTING THE PACE
Right from the beginning in 1989, Terex 
Port Solutions (TPS) – with its legacy 
Gottwald brand in those days – has been 
instrumental for all major terminal projects 
with both automated and unmanned 
transportation between STS cranes and 
automated stacking cranes (ASCs). After 
the delivery of 48 automated guided 
vehicles (AGVs) for the first automated 
terminal (ECT, Rotterdam) during 1991-

1992, TPS recognised the importance 
of systems integration for the overall 
AGV-system productivity and started the 
development of a fleet management 
system and well-defined interfaces to 
terminal operating systems. The advantage 
of such a complete automated transport 
module resulted in the delivery of over 
600 AGVs for 6 world class terminals.

In the majority of these pioneering 
automation projects TPS has supported 
the design stage with their know-how and 
tools for system simulations and emulation 
packages provided by their systems 
development department and by TBA, a 
daughter company specialised in simulation 
and control software. In the design stage, 
experience with automated operations and 
the availability of system analysis tools are 
especially important to determine a system 
that will fulfil the customer’s demands for 
productivity and cost savings.

LARGER VESSELS, NEW CHALLENGES
After the year 2000, an extra complication 
entered the automating of horizontal 
transport at larger terminals with the 

TERMINAL AUTOMATION
CHALLENGES IN SYSTEMS INTEGRATION

Dr Armin Wieschemann, Senior Director of Global Systems Development, 
Terex Port Solutions, Düsseldorf, Germany 

Fleets of Terex Gottwald Lift AGVs and automated stacking 
cranes (ASCs) operating in a fully automated terminal 
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introduction of container vessels carrying 
more than 10,000 TEU.

In the 1990s, an overall berth 
productivity of 100 moves/hour/vessel 
with 4-5 STS cranes was a good service to 
shipping lines. However, after the arrival 
of 14,000 TEU vessels, and now the up 
to 21,000 TEU vessels, shipping lines 
require a berth productivity of 150-225 
moves/hour/vessel with 6-8 STS cranes, 
which is a real challenge for an automated 
transportation system between so many 
STS cranes per vessel and the (large) 
stacking yard.

A proper scheduling and dispatch for 
all the transport vehicles and dynamic 
logistics, caused by the reversing push 
(discharge operation) and pull (loading) 
processes between STS cranes and the 
stacking yard, now require an intelligent 
vehicle fleet control system with smart 
interfaces and well defined priority 
rules. The earlier mentioned automated 
multi-million TEU terminals have shown 
their potential in supporting high-berth 
productivity when handling three ultra 
large container vessels simultaneously.

Some terminals have taken a step-by-
step approach and started their automation 
with the stacking yard only connected 
with manual horizontal transportation 
to the STS cranes. Existing terminals 
decided to continue running their straddle 
carrier fleet (thus avoiding labour union 

disputes) with most greenfield terminals 
opting for sprinter carriers. In the latter 
cases it was not only the risk avoidance 
(no automated horizontal transport) but 
also a (short-term) saving in apron depth. 
The assumption that such manual carrier 
systems can be automated in a later stage 
is premature. Still, it is not yet proven 
that such automated sprinter systems 
will be capable of delivering an equal 
productivity on the same apron depth. 
The longstanding experience from TPS in 
the area of straddle/sprinter carriers and 
the simulation and analysis capabilities 
of TBA has been combined to respond to 
customer demands.

Partly automated rail-mounted gantry 
cranes (RMGs) were already developed 
in the early 1970s (Hamburg Eurokai, 
Hong Kong MTL, Rotterdam ECT) for 11-14 
wide/4-high stacking. Gantry and trolley 
positioning was already automated, while 
hoisting/lowering remained manual. 

This concept was further developed  in 
the late 1980s, however TPS later installed 
ASCs at some terminals (Antwerp Gateway 
and Rotterdam World Gateway, both 
mainly DP World) by 2004. Regardless 
of the slightly higher investment, these 
terminals selected ASCs from TPS as they 
were characterised by their beam-guided 
spreaders and smart, camera-directed 
remote control for landside container 
delivery and pick-up. 

This type of ASC proved to be a reliable 
stacking machine, quite similar to linear 
robots, widely spread in many industries. 
The precise, fast positioning (no fine-
tuning at the selected slot) results in short 
ASC cycle times is attractive for ports 
facing heavy wind loads.

DEMANDS FROM PORTS AND SOCIETY 
Another challenge for terminal automation 
has arrived in recent years via the 
demand from society and ports for more 
sustainable and environmentally friendly 
technologies. A change from diesel driven 
equipment towards an electric supply from 
the grid proved to be the most attractive. 
Obviously this is no problem for ASCs as 
they could benefit from the high speed 
data communication over fiber cores 
arranged in medium voltage supply cables. 
However, it is not that easy for automated 
transport vehicles, operating at the apron 
between STS and ASC. Here as well TPS 
could contribute with its experience and 
know-how of diesel-electric and hybrid 
drives and developed a battery-driven AGV 
in combination with a fully automated 
battery exchange and charging System 
(BES). TPS then integrated in terminal 
control systems.

For economic reasons and proven 
design batteries and charging models, 
today the lead-acid battery still offers the 
best feasible concept and at present there 

Manual Terex straddle carriers for horizontal container transport working hand in hand with Terex Gottwald automated stacking cranes
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are more than 200 battery-supplied AGVs 
and Lift-AGVs operational; all of them 
with recyclable lead-acid batteries. To 
support a continuous terminal operation 
the developed BES proved to be a cost 
attractive concept with hardly any 
influence on terminal logistics. 

Future battery and charging 
technologies triggered by the automotive 
industry may become attractive, however 
the availability of a required large energy 
capacity, a reliable operation and a long 
lifetime will determine the feasibility of 
such new technologies. At present AGVs 
and Lift-AGVs, provided with lead-acid 
batteries combined with a BES are proven 
in three major terminals and the electric 
supply from the grid allows a long-term 
cost control. They also allow the potential 
of applying green energy when power 
utilities purchase or generate renewable 
energy from solar, hydro or wind power 
stations. In that case automated terminal 
transport will be a real zero-emission 
system.

OPERATORS LOOKING AT COMPLETE 
SYSTEMS
The developments up until now have 
proven that the integration of automated 
equipment and all kinds of related sub-
systems into one efficient, reliable terminal 
handling system is a real challenge. Various 
types of equipment must be efficiently 
controlled by means of equipment control 
systems integrated into the terminal’s 
operations control system. On top of 
that, large amounts of data from RFID 
systems, container weighing systems, gate 
control systems, equipment status and 
condition monitoring, remote operations 
(such as STS crane operations, landside 

ASC operations, X-ray activities) must 
be processed, and process information 
must be made available for an operator’s 
decisions (and manually controlled 
equipment) through standardised human 
interfaces and menu-driven graphical user 
interfaces.   

At the dawn of terminal automation, 
operators themselves arranged the 
integration of all these various sub-
systems. Recent terminal automation 
projects have emphasised the need for a 
well-structured, timely integration of all 
components and sub-systems. Extensive 
testing and training with emulation tools 
(such as those available from TBA) showed 
their benefit for a successful go-live of 
automated terminals.

This integration process of the growing 
numbers of features requires well defined 
interfaces and protocols and more 
and more an expert activity. Therefore 
terminal operators are increasingly 
interested in acquiring complete systems 
with guaranteed performances. For 
that reason system suppliers like TPS 
may offer a total automated terminal 
handling system, including the installation 
and commissioning of all components 
necessary for entire functionality. 

During its 25 years of experience in 
the automation of container terminals, 
TPS has recognised the importance 
of interface engineering and systems 
integration. The future may bring new 
applications from the “Internet of 
Things”, telematics, built-in standardised 
decision-making and automatic recovery 
procedures, and at that time, well-
prepared systems integration will be 
even more important for the successful 
automation of terminals.

ABOUT THE AUTHOR

After finishing a Master’s degree in 
mechanical engineering and a Doctor’s 
Degree at the Technical University of 
Aachen, Dr Wieschemann joined Terex 
Port Solutions (TPS) in 2001 as a member 
of the systems group. Concerning the 
global activities of TPS, Dr Wieschemann is 
managing a team of engineers responsible 
for the planning and design of handling 
systems, the improvement of existing 
systems and the development of new 
technologies for terminals. Recent examples 
arethe Terex Gottwald Lift AGV andthe zero-
emission Terex Gottwald Battery AGV with 
an automated battery exchange station.

ABOUT THE ORGANISATION

Terex Port Solutions (TPS) is part of 
the Material Handling & Port Solutions 
business segment of Terex Corporation 
that supplies customers in ports with a 
unique combination of machines, software 
and services under the Terex and Terex 
Gottwald brands. Whether it is ship-
to-shore cranes, reach stackers or fully 
automated, integrated handling systems for 
containers and bulk, TPS provides reliable 
solutions for rapid, safe, efficient handling 
of all forms of cargo with low downtimes 
and excellent return on investment.

ENQUIRIES

Terex Port Solutions
Terex MHPS GmbH
Forststrasse 16
40597 Düssseldorf
Germany

Terex Gottwald Lift AGVs operating in a fully-automated terminal, here in 
an automated battery exchange station (BES) while an empty lead-acid 

battery is being exchanged for a full one, which takes only a few minutes
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The level of automati on and safety 
in container handling has increased 
signifi cantly in the last years. Many 
greenfi eld projects target full automati on 
in ports, yet many of the existi ng container 
ports have manual machine operati ons. 
Since the beginning of trade, the port itself 
has been a dangerous workplace where 
accidents can be deadly. This is why it is 
necessary to provide assistance to the 
crane driver in order to ensure the safest 
working conditi ons – the same applies to 
people working around the cranes.

For this purpose laser-based 
measurement systems have been 
developed which scan the environment 
to allow crane movements without any 
accident or collision. While focusing only 
the verti cal transportati on of the load, 
any collisions with objects on the ground 
should be prevented as well as a proper lift  
and drop of the load. In this paper the cases 
of operati on at STS, RTG and RMG cranes 
will be shown.

2D AND 3D LASER TECHNOLOGY
Simply put, the measurement of objects is 
ensued either two-dimensionally or three-
dimensionally. A 2D laser scanner consists 
of a laser diode and a rotati ng mirror, which 
defl ects the laser beam by an angle of 90 
degrees. The readings form the defl ecti on 
unit, which combine distance and angle of 
defl ecti on, can be used alongside the other 
data to generate a 2D picture. By means 
of rotati ng a 2D laser scanner on a further 
axis through a swivel platf orm, a three-
dimensional picture is generated.

SYSTEM ARCHITECTURE
Those laser measurement systems consist 
of one or multi ple laser measuring heads, 
which are connected with an evaluati on 
unit (IPC: industrial PC). On this IPC 
specifi c applicati on soft ware runs in order 
to process measurement data, alarm 

generati on or control commands. Alarm 
and command data are transferred to the 
crane control for the appropriate executi on.

APPLICATION STACK COLLISION 
PREVENTION FOR RTGS AND RMGS
The world’s biggest port operators have 
hundreds of RTGs in use in container 
yards, and in 2014 eight deadly accidents 
happened aft er containers fell off  the 
stacking area into the truck lane and killed 
truck drivers. These kinds of accidents are 
caused by loads that are not being lift ed 
high enough and touching other containers 
in the stacking area.

Concerning this you can fi nd a stati sti cs 
about those issue costs at RTGs/RMGs by 
TT Club:

Thereby it has to be disti nguished, if 
containers fall off  either from the “operati on 
bay” or from adjacent bays. Nearly 75% 
of these collision types happen in the 
operati on bay and 25% with containers in 
adjacent stacks.

A measurement system, which can 
detect the container profi les in the stacking 
area and determine the load positi on 
simultaneously, can be applied to prevent 
collisions. The measurement system 

consists of one 3D laser scanner und one 
2D laser scanner, which are mounted at 
the crane trolley under the trolley platf orm 
averted to the cabin.

Before cross gantry travel by the trolley 
from the truck lane into the stacking area, 
the 3D laser scanner measures the load. 
The 3D profi le of the stacking area is stored 
by the measuring system. The 2D laser 
scanner measures the trolley and also the 
load positi on permanently.

A so called “surveillance cube” is built 
around the moving load. The size of the 
cube is dependent on the load positi on, 
trolley travel and crane lift  directi on, trolley 
and crane lift  velocity, trolley braking 
behaviour as well as the load’s pendulum 
movement during stop operati on.

In case of an overlap between the 
surveillance cube around the load and the 
profi le of the stacking area, the velocity of 
the trolley will be reduced automati cally. 
Thus the load cannot collide with the stacks 
anymore. Additi onally the measurement 
system is also used for soft -landings of the 
load (container or spreader) onto other 
containers. As a consequence spreader 
wear is reduced signifi cantly – noise 
reducti on likewise.

ADVANCED DRIVER 
ASSISTANCE SYSTEMS 
THE EVOLUTION OF CONTAINER CRANES
Lars Ambrosy, Managing Director, 
LASE Industrielle Lasertechnik GmbH, Bremen, Germany 

Graphic 1: 3D Laser scanner; Type LASE 3000D-C3-22x series
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APPLICATION STACK COLLISION 
PREVENTION FOR STS
A similar measurement can also be applied 
for STS cranes. However here it is not 
considered to avoid collisions with adjacent 
stacks, but rather simply to ensure an anti - 
collision system with containers in the bay.

For this purpose two 2D laser scanners 
are mounted on the container bridge of 
the trolley. The laser scanners scan across 
the 20” bays on the vessel and measure 
the spreader positi on simultaneously.

During every trolley transit the 2D 
profi le of the container stacks is updated. 
Within this soluti on the load is surrounded 
by surveillance plane instead of a cube. 
The size of this surveillance plane is also 
dependent on the load positi on, trolley 
travel and crane lift  directi on, trolley and 
crane lift  velocity, trolley braking behaviour 
as well as the load’s pendulum movement 
during stop operati on.

Also in occurrence of an overlap 
between the surveillance plane around the 
load and the profi le of the stacking area, 
the velocity of the load will be reduced 
automati cally. Thus the load cannot  collide  
with  the stacks  anymore.  Furthermore 
the measurement  system  also provides 
a soft -landing functi on while dropping the 
load onto other containers. Wear and noise 
reducti on are reduced secondarily, too.
Applicati on Truck Lift ing Preventi on for 
RTGs and RMGs

When the crane driver is picking up 
containers from a truck, he trusts in that 
the truck driver has loosened all twistlocks 
thoroughly. Should the driver forget to 
loose one or more  twistlocks, the trailer 
and in worst case even the truck cab will be 
lift ed upwards. Such an incident has been 
captured in the image below.

For the preventi on of such lift  cases 
one 2D laser scanner is mounted on the 
chassis of the crane, which crosses the 
truck lane with its verti cal scan plane. 
The measurement system verifi es if the 
trailer will also be lift ed up while picking 
the container. At such a moment the lift  
movement will be stopped immediately by 
the laser measurement system.

The most essenti al for the quality of such 
a measurement system is the detecti on 
at an early stage. If for example only one 
twistlock is sti ll locked, also huge damage 
at the trailer can be caused at a low lift ing 
height. Should the truck cabin also be lift ed 
up into the air, then also the truck driver 
can be injured severely.

Graphic 2: Hardware overview – Application LaseSCP-3D/2D

Graphic 3: Issue costs at RTGs/RMGs (Source: TT Club, 2015)

Graphic 4:Crane with scan planes of 2D and 3D laser scanners
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SUMMARY
Advanced driver assistance systems 
help to reduce crane driver’s workload, 
prevent collisions, provide for a gentle 
material handling of the crane and also 
can enhance the performance by e.g. 
path-opti mised driving cycles. Remote-
controlled cranes are also on the rise. Here 
the crane driver is not working anymore on 
top of the machine, but rather in a central 
control building by camera-assisted crane 
monitoring. Although he might have a vast 
overview at a fi rst glance, he might lose 
his “feeling” for the crane. These sensory 
defi cits can be compensated by the use 
of appropriate advanced driver assistance 
systems.

From left to right: Graphic 5: Surveillance cube around the load; Graphic 6: Container profi ling with two 2D laser scanners; Graphic 7: 2D laser 
scanner detects simultaneous trailer lift

ABOUT THE ORGANISATION

LASE is one of the leading companies 
for laser-based sensor systems and 
sophisti cated soft ware applicati ons. We off er 
systems for collision preventi on, container 
stack profi ling, automated stacking or object 
recogniti on. Our products help to maximise 
effi  ciency, producti vity and safety.
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• Prevent collisions between load and stack
• Applicable for RMGs and RTGs
• Prevent collisions with adjacent stacks in gantry direction
• Gentle container handling through soft landings
• Less spreader wear
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• Reduction of container damage claims
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field of industrial applications. We offer innovative and productive solutions 
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REACH-STACKER MARKET DEVELOPMENT
Liebherr Mariti me Cranes esti mates that the 
reach-stacker market will increase slightly in 
the future. The predicti on is that European 
rail- and inland waterway traffi  c will further 
develop especially. This trend shall cause an 
increase of the intermodal sector once more 
and on the basis of these predicted market 
developments, Liebherr has developed a 
new reach-stacker series.

New and innovati ve products emerge 
more oft en as a result of a cross-sectoral 
combinati on of technologies and design. The 
new reach-stacker series is the latest cargo 
handling soluti on from Liebherr Mariti me 
Cranes and as such benefi ts not only from 
the involved companies’ collecti ve mariti me 
experience, but also from its experti se in 
the fi elds of engine architecture and system 
control soft ware. The result is a reach-stacker 
which exceeds all the demands of a modern 
container terminal puts on operators.

THE BEGINNING OF A NEW SERIES

In June 2015, Liebherr Mariti me Cranes 
introduced the new reach-stacker for the fi rst 
ti me to the public. The new reach-stacker 
was launched during the biggest European 
container handling exhibiti on, TOC Europe 
which was being held in the Dutch city 
Rott erdam. The fi rst model out of the new 
reach-stacker series was covered behind a 
huge red curtain. Flashing lights, fog and an 
entertaining show att racted the att enti on of 
most exhibiti on visitors. Aft er the curtain fall 
the audience had the opportunity to have a 
detailed look, touching, feeling, sitti  ng inside 
the machine and talking to the responsible 
design department. 

There was a highly positi ve feedback on 
the new machine. It was visible that the 
whole design of the LRS 545 is orientated on 
the extensive customer feedback Liebherr 
Mariti me Cranes collected before and during 
development phase. 

Driver comfort has been high in rank 
during the development of the new design. 

The general design of the cabin is based on 
two decisive factors. “First of all we gathered 
several opinions and advises from our long-
ti me customers that already operated the 
predecessor model LRS 645. We analysed 
their valuable feedback and uti lized it in 
our design process. The second key factor 
was the well-tested cabin of the Liebherr 
wheel loader, which served as an important 
inspirati on for the LRS 545 cabin. The 
development of the cabin took place in close 
cooperati on with the design departments of 
other Liebherr product division,” sums up 
Sabine Kopf, Product Manager for Liebherr 
Reachstacker.

The fi nal result is a newly designed cabin 
that essenti ally contributes to driver comfort 
and allows high performance in a relaxed 
manner. Up to 5.9m² of ti nted anti -glare 
toughened safety glass provide an excellent 
view. Due to the curved window design 
there is no metal frame that blocks the 
driver’s look-out. The outstanding panorama 
view will be completed by the wedge shape 
design of the chassis. The opti mal placed 
side mirrors plus the wide angle mirrors in 

combinati on with the special shaped design 
of the counterweight and the rear view 
camera ensure a fulsome view on the visual 
fi led in the back.

“The Reachstacker LRS 545 is the new 
cargo handling partner for ports and 
terminals. Its wedge-shaped design provides 
the desired agility for smooth container 
operati on. With the latest technology on 
board plus the ergonomic driver’s cabin, 
the new machine truly quickens the pulse 
of every terminal,” says Gianluigi Marocchi, 
Sales Director for Liebherr Reachstacker.

PERFORMANCE
With regard to performance fi gures, the 
new machine stacks fi ve containers high 
in the fi rst row. Moreover, it is capable of 
handling 45 tonnes in the fi rst and 31 tonnes 
in the second row. The LRS 545 comes with 
a total weight of 69 tonnes, for an opti mal 
balance between stability and quickness. It 
is equipped with a powerful but economical 
4-cylinder 230 kW diesel engine. The in-
house developed motor is in compliance 
with the latest EU Stage IV / EPA Tier 4 fi nal 
emission standards. 

An opti onal hybrid drive allows for even 
more power. Liebherr Mariti me Cranes’ 
unique Pactronic® is available for the LRS 
545. The well-proven hybrid power booster 
has already been used worldwide in mobile 
harbour cranes for fi ve years. Installed in the 
new reach-stacker, the maintenance-free 
Pactronic® allows for an additi onal 110 kW 
without fuel consumpti on or emission.

FIRST UNIT ORDERED BY PORT OF RAVENNA
The fi rst unit was recently delivered to the 
Italian Port of Ravenna. The port is one of 
the most frequented Eastern Mediterranean 
hubs and plays an important role in handling 
solid bulk commoditi es, in parti cular raw 
materials for the ceramic, grain, ferti lizer 
and fl our industries. Furthermore, it is one 
of the biggest Italian ports when it comes to 
container throughput. 

During the last few years Liebherr has 
already delivered quite a number of mobile 

INNOVATIVE TECHNOLOGY DESIGNED 
FOR MODERN TERMINALS 
LIEBHERR MARITIME CRANES  
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harbour cranes to various terminals located 
in the Port of Ravenna (Sapir, Bunge, 
Marcegaglia, Nadep Ovest and Setramar). 
All cranes are high performing machines and 
are characterised by utmost reliability. This 
is where the new Liebherr LRS 545 steps 
in. Synergies with regards to service and 
maintenance are further benefi ts.

“WHEN TECHNOLOGY 
MEETS DESIGN, MAGIC 
HAPPENS. AT LEAST FOR 
ME, AND THAT IS EXACTLY 
THE CASE WHEN I START 
THE ENGINE OF THE NEW 
LIEBHERR REACH-STACKER 
AND BEGIN MY SHIFT”
Mr Leoni, Reach-stacker Operator, 
Port of Ravenna

The new strong link in the logisti c chain of 
ports and terminals perfectly complements 
Liebherr Mariti me Cranes’ comprehensive 
portf olio. The Liebherr reach-stacker 
range will be further expanded in the 
long run. For 2016 and beyond Liebherr 
is very confi dent and enthusiasti c to enter 
the market with a modern machine that 
maximises driver comfort, performance 
and eco-friendliness.

HIGH IMMERSIVE CRANE OPERATOR TRAINING 

Finding effi  cient ways of up-skilling machine operators at the highest safety level while 
keeping ti me and costs at a minimum are central demands in the mariti me cargo 
handling business nowadays. Liebherr simulati ons off er sophisti cated soluti ons that 
ti ck all the boxes, allowing trainees to signifi cantly improve their skills in a virtual but 
realisti c environment. 
The use of simulators became to an essenti al part of Liebherrs crane operator training 
for its customers. In the past 12 months Liebherr Mariti me Cranes installed fi ve 
LiSIM simulators in total. To ensure highly effi  cient crane operator training, Liebherrs 
mariti me subsidiaries in Hong Kong (China), Rostock (Germany) and Nenzing (Austria) 
are now equipped with brand new simulators, called LiSIM.  
Two simulators were delivered to long ti me Liebherr customers. OCHA, located in 
Antwerp is a training insti tute for dockworkers in Belgiums largest port and further 
afi eld. OCHA opted for a cabin soluti on equipped with LHM and Board Off shore Crane 
(BOS) simulati on soft ware. Antwerp Euroterminal N.V. operates two LHM 550 and 
trains their crane operators in the OCHA trainings center. 
The second customer is Sogester S.A. at the port of Luanda (Angola). Sogester operates 
several Liebherr mobile harbour cranes at the port and opted for a LiSIM cab-enclosed 
soluti on equipped with the Liebherr mobile harbour crane simulati on soft ware. The 
LiSIM simulator cab soluti on is a space-saving version that off ers real conditi ons at the 
same ti me. In a real Liebherr cab, crane operators become familiar with the use of 
original operati ng elements in a real environment. 

ENQUIRIES 

Contact Person
Philipp Helberg
Phone: + 49 381 6006 5024  
Email: Philipp.Helberg@liebherr.com

Published by
Liebherr-MCCtec Rostock GmbH
Rostock / Germany
www.liebherr.com   
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Austria-based crane manufacturer 
Hans Kuenz GmbH is well known in the 
intermodal industry for its state of the 
art container handling equipment. Kuenz 
designs, manufactures, delivers and installs 
its products all around the world, providing 
its customers with reliable machinery that 
is safe to operate and easy to maintain. 
It’s commitment towards high-quality 
standards and a clear focus on usability 
places Kuenz in a unique positi on as today’s 
market leader in the intermodal industry in 
both Europe and North America. 

Kuenz is working closely with its 
customers in order to fully understand their 
needs, aches and pains. We do this in order 
to provide our customers with soluti ons 
that add value to the product and benefi t 
the end-user throughout the lifespan of a 
piece of equipment. 

A US CASE 
One recent example of our work is the 
Kuenz Smart Landing System which was 
developed for Kuenz’s North American 
customers, as they are facing a market 
specifi c challenge. Loading so called 
‘domesti c containers’, which are wider than 
the regular ISO containers, onto a chassis 
can easily become more diffi  cult for the 
US operator as he loses sight of the chassis 
when trying to load the container on top of 
a chassis. Kuenz understood the pain of the 
operator and the negati ve impact on overall 
crane performance and so came up with an 
innovati ve visual support system which is 
presented in this arti cle.

Firstly, let us take a more detailed look at 
the issue in order to fully understand where 
the demand for such a system is coming 
from. Without the Smart Landing System 

it takes the operator several att empts to 
safely place the container onto a chassis 
simply because he cannot see the twist 
locks of the chassis as it is hidden below the 
wide domesti c container when lowering 
the load. It is a trial and error mission for 
the operator because there is no way for 
him to exactly know where he has to place 
the container when sitti  ng in his cabin, 
suspended up to 15 metres above the 
ground.

The soluti on to this was installing a 
camera system that is mounted to the 
crane. This supports the operator by 
providing him a clear view of the chassis 
locati on in reference to the spreader on a 
monitor inside the operator cabin. Here is 
how it works: four high resoluti on cameras 
mounted to the outside of the winch house 
are acti vated by the operator using a push 

LANDING MADE SMART
AND EASY
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butt on when he needs assistance. With the 
load sti ll being suspended the cameras have 
a clear view of the target chassis and store 
its exact locati on and orientati on when 
acti vated. The soft ware program which 
is integrated into the crane controls now 
constantly calculates the exact locati on of 
the spreader and its load in reference to the 
target chassis on the ground. It also shows 
a clear top view picture of the chassis while 
the container is pictured by a coloured 
rectangular.

When lowering a container and aft er 
losing sight of the chassis, the operator can 
now rely on the images shown on his screen 
in order to precisely place the container 
onto the chassis.

At any ti me of the loading process the 
operator is in full control of every crane 
movement and can manually place the 
container properly without causing damage 
to either the container or the chassis. The 
colored verti cal bar to the right of the 
picture (above) indicates the actual lift ing 
height of the container and further assists 
the operator doing his task. Using the 
innovati ve Kuenz Smart Landing System 
therefore helps to increase operator 
effi  ciency and reduce overall cost for 

potenti al repair work on containers and 
chasses.

In additi on to the cameras mounted to 
the crane, an additi onal camera is installed 
next to each of the four spreader twist 
locks off ering additi onal functi onality. As 
an integrated part of the Smart Landing 
System, the cameras on the spreader 
benefi t the operator by providing a top 
view image of the container corner casts on 
the monitor inside the cabin. In a scenario 
when the operator’s view is blocked while 
working within the stack, the operator can 
sti ll effi  ciently manoeuver the spreader to 
pick up a load.

The coloured rectangular (above) 
represents the spreader in reference to 
the container and the system supports the 
operator in placing the spreader precisely 
on top of it. The additi onal functi onality 
that comes with the Smart Landing System 
simplifi es the operator’s daily work routi ne 
and increases his overall producti vity. This 
soluti on is just one example of a successful 
implemented innovati on that Kuenz was able 
to place on the market and underlines one 
more ti me how important a close working 
relati onship is in the port and terminal 
industry between operators and suppliers.

ABOUT THE ORGANISATION 

Kuenz is an Austrian crane manufacturer 
founded in 1932. The company off ers 
innovati ve and effi  cient soluti ons 
for container handling in intermodal 
operati on, and automated stacking cranes 
for port and rail-yard operati ons. Today, 
Kuenz is the market leader in intermodal 
rail-mounted gantry cranes in Europe 
and North America. While the group’s 
headquarters is located in Hard, Austria, 
additi onal fabricati on faciliti es are located 
in Gross St. Florian, Austria and Kechnec, 
Slovak Republic. Kuenz America Inc., 
located in Raleigh, NC, is the group’s sales 
and service point in the United States. 

ENQUIRIES 

htt ps://www.kuenz.com/en 
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There are numerous candidate systems and 
technologies that are capable of delivering 
the required accuracy of measurement 
required under the new SOLAS regulations. 
Not all, however, are particularly practical 
in terms of their ability to operate as a 
part of the existing flow of cargo between 
consignor and recipient.

This paper reviews the options available 
to ports with some of the considerations 
that port operators may take into account 
when making choices about how to provide 
a VGM service to their customers.

WEIGHBRIDGES
Weighbridges are proven technology for 
the measurement of gross vehicle weight 
and provide this to a high degree of 
accuracy. However, weighbridges do not 
in themselves directly deliver the required 
gross mass of the container required by 
SOLAS. Instead, to arrive at this figure 
the tare weight of the vehicle (including 
both the tractor and chassis/trailer as 
appropriate) plus the mass of any fuel in 
the tank, additional items carried and the 
driver, must all be subtracted in order to 
deliver an accurate container weight.

Some have suggested using various 

declared ‘standard’ vehicle weight figures 
such as mass in running order (MIRO), but 
there are two problems with this approach.  
Firstly, these standard weights are an 
approximation based on assumptions 
regarding the vehicle variables (such as 
quantity of fuel carried) but the regulations 
do not allow for the estimation of the 
container weight. 

By subtracting an estimation of the 
vehicle weight to arrive at a weight for 
the container inevitably means that the 
weight of the container is also an estimate. 
The second problem with this approach 
is that even if you except the principal of 
estimation to arrive at a container weight, 
if you consider the effect of the vehicle 
variables on the container weight tolerance 
you conclude that these effects could put 
you beyond the enforcement threshold for 
container weight. For example, most trucks 
have a 500 litre fuel tank giving a variable 
of 425kg between a full and empty tank. 
If your container weight is 8000kgs then 
this variable alone could result in an error 
of over 5% on your container weight. If the 
effect of the other variables is added to the 
accuracy tolerance of the weighbridge itself 
it is easy to see how you could end up being 

well over the enforcement tolerance for the 
container VGM.

This means that you must weigh the 
truck and trailer again once the container 
has been removed in order to subtract 
an accurate value for the weight of the 
container in isolation. To achieve this 
some ports are considering weighing the 
truck / trailer combination again with the 
container removed. Although this would 
almost certainly give an accurate VGM in 
compliance with the SOLAS regulations, it 
does add an additional weighing process 
giving the potential for delays with 
bottlenecks at the gates. Alternatively, 
some are considering locating a reach 
stacker or another container handling crane 
at the weighbridge in order to temporarily 
lift off each container as it comes over 
the weighbridge, but again this is going to 
result in delays at the gate and will require 
a dedicated container handler and driver 
giving a high cost. 

For some ports who already have 
weighbridges, this maybe a good short 
term solution, but is not a cost effective 
solution in the long term.

In addition, where a vehicle is used to 
convey more than one container, simply 
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dividing the total mass – aft er subtracti ng 
the eff ecti ve vehicle tare weight – is not 
acceptable under the new regulati ons as a 
means of calculati ng individual container 
weights. In this instance three weighing 
operati ons maybe required or each container 
lift ed off  at the weighbridge separately and 
then together to obtain the necessary VGM.

From the perspecti ve of cost, 
weighbridges represent a reasonable capital 
investment in themselves, but oft en the 
civil works associated with their installati on 
and operati on can be signifi cant. A lower 
cost alternati ve is to use weigh in moti on 
type weighbridges, but these have been 
designed typically to detect overweight 
vehicles and are not suffi  ciently accurate 
across the weight range for SOLAS VGM 
purposes. Operati ng costs to obtain a VGM 
using weighbridges vary depending on how 
it is used to obtain a VGM as highlighted 
above, but are likely to be high.

For some shipping operati ons – 
parti cularly where vehicle weights are 
required for other purposes and hence 
access to an existi ng weighbridge is readily 
available – this may provide a pragmati c 
if operati onally complex route to SOLAS 
container VGM compliance. In most 
cases, however, an alternati ve based on 
integrati on of container weighing into 
equipment already used for container 
handling within the terminal is likely to 

be operati onally less disrupti ve and more 
cost-eff ecti ve than installing weighbridges 
specifi cally for the purpose of obtaining a 
VGM.

CONTAINER HANDLING CRANE SOLUTIONS
Crane based soluti ons off er an att racti ve 
alternati ve to using weighbridges. These 
systems obtain VGM data during the course 
of the normal port container handling 
operati ons and so require no change to 
the current port operati ng procedures 
whatsoever. Arguably crane based soluti ons 
are the only soluti on to obtain the VGM 
without any additi onal ti me or procedural 
impact in the whole shipping supply chain 
and therefore are the most cost eff ecti ve 
soluti on overall. There are diff erent opti ons 
available to retrofi t to existi ng equipment 
which are discussed below, but importantly 
no modifi cati on work is required to the 
spreader or crane to install these systems, 
they directly replace exiti ng elements of 
the system making installati on quick, easy 
and low cost.

TWIST-LOCK BASED SOLUTIONS
Soluti ons integrated with spreader twist-
locks off er at fi rst sight perhaps the most 
att racti ve approach to accurate container 
weight measurement. The need for 
robustness here is, however, signifi cant. It 
is widely accepted that the most abused 

part of a crane is the spreader mechanism, 
which is exposed to numerous impact loads 
that can be signifi cant. Any measurement 
soluti on must be suffi  ciently robust to 
withstand these repeated loading cycles 
and excess loads while also maintaining its 
calibrati on accuracy.

A key considerati on for such a soluti on 
is whether the measurement technology 
is integrated within the consumable parts 
– the twist-locks themselves – or instead 
within their associated collars or other non-
consumables. 

There are two reasons that favour the 
latt er approach: fi rstly, twist-locks need to 
be replaced on a regular maintenance cycle, 
meaning that any measurement system 
integrated within them must be removed 
with the obsolete part and either replaced 
or reinstalled and recalibrated in the new 
replacement locks. The more complex and 
sophisti cated the measurement equipment 
incorporated into the twist-lock, the more 
expensive and potenti ally disrupti ve to 
operati ons its replacement is likely to 
be. Secondly, twist-locks are not ideally 
designed for load measurement purposes, 
and due to the aggressive duty they are 
subjected to, they are suscepti ble to the 
type of damage which while acceptable for 
normal operati ons, may compromise the 
accuracy or calibrati on of any measurement 
systems integrated within them.
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For ports wishing to implement a 
twist-lock based container VGM system, 
solutions based on durable and long-lasting 
strain gauge instrumented twist lock collars 
give the best option. This approach offers 
the best available form of twist-lock based 
solution in terms of cost, accuracy and long 
term durability.

LOAD PINS INTEGRATED INTO THE 
SPREADER HEADBLOCK
Load pins offer perhaps the most well-
proven, robust, cost effective and accurate 
means of weight measurement, and can be 
integrated into a wide range of port and 
terminal equipment. This is a mature, cost-
effective and highly accurate technology 
proven across a wide range of industries.

There are two key advantages of using 
pins in the headblock. Firstly, they do not 
need to be replaced and will last the lifetime 
of the crane / spreader arrangement and 
are essentially maintenance free with 
greasing achieved through automatic or 
manual greasing in the same way as the 
pin it replaces. Secondly, the accuracy 
of the system will remain stable over 
the lifetime of the system as, unlike the 
twistlock solutions, the pins are remote 
from the possibility of damage caused by 
the constant connecting and disconnecting 
of containers.

This solution is likely to yield the lowest 

ongoing operating cost as the entire system 
lasts the lifetime of the crane, there is no 
service or maintenance requirements 
and only requires annual verification to 
check the system remains within accuracy 
tolerances.

CALIBRATION VS VERIFICATION
For systems that are fitted as part of the 
permanent equipment of the crane / 
spreader arrangement, the load cells are 
provided calibrated to a high accuracy 
and provided these load cells do not get 
physically damaged there is no need to ever 
recalibrate them. However, in order to verify 
that the system is undamaged and reading 
correctly, a simple on site verification using 
test weights should be conducted, usually 
on a frequency of every 12 months. This 
is a simple and quick process that can be 
undertaken by the ports themselves and 
does not need OEM service intervention 
enabling costs to be minimised.

For systems where the twistlocks 
themselves become the load cells, each 
time the twistlocks are replaced as part 
of the regular replacement schedule they 
will have to be replaced with pre calibrated 
twistlocks or the system will have to be 
calibrated with the new cells on site which 
typically is a more onerous process than 
simple verification.

For weighbridges, on site servicing 

and calibration requirements are well 
established. However, the requirements 
for obtaining a VGM may require multiple 
weighing operations in order to obtain a 
VGM as highlighted above.  Therefore the 
utilisation of existing weighbridges is going 
to increase significantly making any outages 
for calibration, maintenance or servicing 
work a potential cause of significant 
disruption to port operations.

ACCURACY CONSIDERATIONS
Traditional weighbridges themselves 
are typically very accurate but weigh 
in motion systems are significantly less 
accurate. As highlighted above however, 
when using weighbridges the accuracy of 
the VGM is dominated by how the vehicle 
weight is tared to obtain the VGM for the 
container rather than the accuracy of the 
weighbridge.

For crane based systems, the system 
is directly weighing the container so the 
accuracy of the VGM is based on the 
accuracy of the weighing system. Crane 
based systems are typically slightly less 
accurate than weighbridges but their 
accuracy is more than sufficient for the 
purposes of SOLAS.

A crucial consideration regarding the 
accuracy claims of candidate systems and 
suppliers, is whether they are expressed 
in terms of a percentage of the maximum 
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load (often referred to as the percentage 
of Full Scale or Rated Capacity) or across 
the full working range of the system (often 
expressed as percentage of Applied Load). 
This is important, as an accuracy of ±1% of 
Rated Capacity for a 40 tonne system, for 
example, will only provide an accuracy of 
+/- 400kg across the working range giving 
the potential for a 10% error when lifting a 
4 tonne load. 

To ensure full worst case compliance 
with SOLAS therefore, we have ensured 
that our VGM solutions are highly accurate 
across the full range of possible container 
weights and not just at high loads. As 
such, our customers are assured that their 
equipment will be compliant from the very 
lightest to beyond the maximum allowable 
weight of a loaded container.

TOS INTEGRATION
For weighbridges the VGM will most likely 
be fed into the TOS manually once the 
VGM has been calculated by removing the 
tared vehicle weight. With several weighing 
operations needed to calculate the VGM it 
may be difficult to automate this procedure 
and care will be needed to avoid errors.

For crane based systems most are 
designed to provide the VGM weight data 
automatically in standard data formats that 
can be received by the TOS. The systems 
typically integrate with the crane PLC and 
provide a time stamp with each VGM to 
allow the TOS to automatically associate 

the VGM with a particular container. No 
driver intervention is required eliminating 
the possibility of human error.

CONCLUSIONS
For ports who already have existing 
weighbridges, if an acceptable and cost 
effective procedure for taring off the vehicle 
weight can be established then this will 
give a solution for obtaining a VGM in the 
short term. However, due to the procedural 
complexities associated with the use of 

weighbridges, there is a risk of disruption 
and delays to port operations. For those 
ports without existing weighbridges, this 
option is unlikely to be cost effective and 
a crane based system is likely to be lower 
cost in terms of both capital and operating 
costs giving the most cost effective route 
to obtain a VGM. With these systems 
having no impact on port operations these 
solutions are likely to minimise disruption 
and delays associated with obtaining a 
VGM for the new SOLAS amendment.
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The date for when the Verified Gross Mass 
(VGM) of an export container has to be 
available before the container is loaded on 
a vessel is just weeks away, and we know 
that a container without VGM will not be 
loaded onto a vessel. 

The challenges for the actors in the supply 
chain to comply with the requirement 
are several. One of the biggest is how to 
establish the VGM. Where to weigh the 
container another; and what equipment 
to be used with what requirements on 
equipment yet another one. 

The formal requirements related to 
accuracy and certification are defined by 
the local authorities of each country, but 
it seems like some of the administrations 
have been caught off-guard and the 
requirements are set with very little 
time left for the operators to implement 
weighing equipment.

This article will elaborate on one of the 
things that risks being unforeseen by the 
regulatory authorities when defining the 

accuracy requirements: the difference 
between “equipment accuracy” and 
accuracy of the actual container weight. It 
will also look at some of the characteristics 
of the two main equipment options 
available to weigh the container in the 
terminal to establish the VGM. What are 
the benefits and what are the negatives 
related to them. 

TWO CHOICES 
A review of the various technologies 
available for weighing in a terminal quickly 
boils down to two main alternatives: 
weighbridges and load sensing devices 
fitted to, or integrated into, spreader 
twistlocks. When reviewing these two 
technologies, there are a number of 
characteristics which distinguish them. 
Different characteristics do not mean that 
one technology is better or more suitable 
than the other, but the characteristics 
will influence the logistical flows and 
procedures in terminals in different ways.

A weighbridge is the long since 
established technology which has been 
used to measure the weight of vehicles. 
This is the technology that offers the 
highest ‘equipment accuracy’. But how 
is the container weight derived, and how 
does this affect container weight accuracy?

The debate in the industry and the 
discussions between and within the 
national regulatory bodies has been 
focused on the equipment measuring 
accuracy. However, the aim of the new 
SOLAS requirement is to measure the 
container weight accurately enough. 

I will for the sake of this article be 
assuming that no operator will lift the 
container off the truck and measure the 
container weight. This means that what 
will be measured is the weight of the truck, 
trailer and container combined. In such an 
instance two options exist to derive the 
container weight: weigh the empty truck 
and trailer after the container have been 
unloaded and then deduct the weight 

METHOD, RISK AND 
REGULATION
A CONTAINER WEIGHING INSIGHT
Lars Meurling, Senior Vice President, Bromma, Kista, Sweden
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of the vehicle from the total weight. The 
other option is to deduct the kerb weight 
from the total weight to determine the 
container weight.

If the typical situation in a container 
terminal is that trucks leave the terminal 
empty after delivering the container, 
weighing the empty vehicle on the way out 
might not be such a big additional step but 
in many terminals that is not the case. In 
fact, some countries have programs and 
directives established to encourage the 
trucks not to leave the terminal empty. It 
is therefore assumed that weighing the 
empty truck will impose an additional 
step in the logistics flow that many want 
to avoid. The accuracy of the container 
weight will however be almost in line with 
the system accuracy.

When kerb weight is used to calculate 
the container weight, additional factors will 
influence the container weight accuracy. 
Let’s for the time being call this the 
“process inaccuracies”. The definition of 
kerb weight is “the total weight of a vehicle 
with standard equipment, all necessary 
operating consumables such as motor oil, 
transmission oil, coolant, air conditioning 
refrigerant, and a full tank of fuel, while not 
loaded with either passengers or cargo”. 

The definition may differ slightly 
between nations, and as an example, some 

European countries include the driver 
weight of 75kg.

KERB WEIGHT 
Let us now look at three factors in the kerb 
weight and how it will affect the container 
weight accuracy. The volume of a typical 
fuel tank is 500 litres (l). The density of 
diesel is 0.8kg/l which means that the 
weight of the fuel in a full tank is 400kg. 
Since the truck will in some cases arrive 
in the terminal with a low fuel level the 
inaccuracy added to the container weight 
from this factor is actually up to 400kg 
based on the definition of kerb weight 
above. 

Similarly the weight of the driver will vary. 
Let´s for the sake of this article assume that 
there is at least one truck driver in a given 
country who weighs 125kg. Compared 
to the 75kg European standard driver, 
this adds another 50kg to the inaccuracy. 
Lastly, I will assume that some drivers bring 
extra ‘stuff’ in their driver cabin (a cooler 
with some drinks and food, a portable 
television, etc). These extra things quickly 
add up and I think that adding 30kg to the 
inaccuracy is not overstated.

Keep in mind that the definition of 
accuracy is the worst case scenario, 
not the average or something else. All 
measurements made (including process 

inaccuracies) must be within the stated 
accuracy.

Summing these factors up we find that 
the inaccuracy when kerb weight is used to 
derive the container weight is +-480 kg in 
addition to the inaccuracy from the weigh 
bridge itself.

LOAD SENSORS
Load sensors installed in or on twistlocks 
have the advantage that they measure only 
the weight of a container. The measure 
that is obtained is the gross mass of the 
container without the need to subtract 
tare weight. The inaccuracy specification 
for twistlock based systems is typically 
+-1%FS (Full Scale) meaning that the 
measurements are typically within +-400 
kg, i.e. lower than the process inaccuracies 
in the discussion above.

When two 20 foot containers are 
loaded on a truck, the weighbridge cannot 
distinguish between the individual weights 
of the two containers. A possible procedure 
for obtaining the individual weight is to 
unload one of the containers, weigh the 
vehicle again and then apply the math to 
achieve the individual weights.

When spreader twistlock based systems 
are employed, individual TEUs can be 
weighed as there are sensors in each of the 
eight twistlocks on a spreader for twin-lifting.

100   EDITION 70: MAY 2016 WWW.PORTTECHNOLOGY.ORG



Twistlock Container Weighing System
for Verification of the Gross Mass (VGM)

– designed to measure the load in standard sized twistlocks
of all types of spreaders and applications           

Each sensor measures the load of a twistlock 

which is then sent into a central data processing 

unit from where the information is sent to the 

crane PLC and to the TOS.  The system also 

provides various signals to improve operational 

safeties and it allows to monitor twistlock and 

spreader life cycles. 

Easy retrofit solution  – backed by the Conductix-Wampfler sales and service network worldwide!

www.lasstec.com

Twistlock Container Weighing System
for Verification of the Gross Mass (VGM)
Twistlock Container Weighing System
for Verification of the Gross Mass (VGM)
Twistlock Container Weighing System

– designed to measure the load in 
of all types of spreaders and applications

Easy retrofit solution  – backed by the Conductix-Wampfler sales and service network worldwide!

www.lasstec.com

Each sensor measures the load of a twistlock 

which is then sent into a central data processing 

unit from where the information is sent to the 

crane PLC and to the TOS.  The system also 

provides various signals to improve operational 

safeties and it allows to monitor twistlock and 

spreader life cycles. 

Twistlock Container Weighing System
for Verification of the Gross Mass (VGM)
Twistlock Container Weighing System
for Verification of the Gross Mass (VGM)
Twistlock Container Weighing System

– designed to measure the load in 

Each sensor measures the load of a twistlock 

which is then sent into a central data processing 

unit from where the information is sent to the 

crane PLC and to the TOS.  The system also 

provides various signals to improve operational 

safeties and it allows to monitor twistlock and 

spreader life cycles. 

Easy retrofit solution  – backed by the Conductix-Wampfler sales and service network worldwide!

Fulfills the SOLAS
Container Weight 

Verification
Requirement

LASSTEC_EN_PTI_160427.indd   1 27.04.2016   11:33:00



CONTAINER HANDLING 
IN PARTNERSHIP WITH  

CONTAINER HANDLING 
IN PARTNERSHIP WITH  

WHAT WILL HAPPEN ON JULY 1?
We have seen different reactions from terminal operators in 
different countries. Operators in UK are establishing facilities to 
offer weighing services while, for instance, operators in Los Angeles 
and Long Beach have jointly stated that they are not capable of 
providing services meeting the requirement of SOLAS. 

The UK and US are two of the countries that have progressed 
relatively far. I believe there are nations which have still not even 
defined the requirements for accuracy and certification yet. It is 
hard to see how those countries can make sure to be fully SOLAS 
compliant on July 1, 2016. So what will happen when export 
containers arrive in a port somewhere in the world without a 
VGM compliant with the new requirements and without weighing 
equipment in the terminal? The problem with this situation is 
that SOLAS is a global legal requirement but implementation and 
enforcement is national. I think we will face a situation in which 
countries will load containers without a VGM, simply because if 
they are not loaded the logistics chain will capsize and I do not 
think the industry and IMO will take it to that level. 
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On December 26, 2015, the Port of Los 
Angeles was honoured to be the first 
North American port to welcome the 
18,000 TEU CMA CGM Benjamin Franklin 
on its maiden voyage. If any US gateway is 
poised to handle a vessel with a capacity 
much larger than that of the average 
containership calling today at a major US 
port, it is the Port of Los Angeles. At the 
same time, this milestone was a trial run. It 
provided an excellent opportunity to meet 
the challenge of servicing an 18,000 TEU 
capacity vessel well before these ships are 
put into service in the trans-Pacific trade.

MODEL PLANNING
The arrival of the CMA CGM Benjamin 
Franklin was impressive, even for a port 
accustomed to working 13,000 to 14,000 
TEU vessels. Equally impressive was the 
behind-the-scenes resources deployed to 
get the job done. This is no small point 
because physical infrastructure alone is not 
enough to meet the demands of handling 
a container vessel this size. Planning and 
collaboration are essential, and they made 
this trial run a success.

The legwork began about six weeks 
before the vessel arrived. In a series 
of conference calls, CMA CGM, APM 
Terminals (APMT) and the port discussed 
the details of working the ship, from 
loading the cargo at its ports of origin 
to the onward movement of containers 
discharged in Los Angeles. In particular, we 
looked at stowage and sequence loading in 
the ports of Shanghai, Ningbo and Busan, 
the number of cranes and gangs per shift, 
destination blocks, and on-board container 
stacking heights for clearance beneath the 
cranes. With APMT preparing to raise its 
cranes this year to accommodate deck 
stacks 10 containers high, the CMA CGM 
Benjamin Franklin arrived with seven tiers 
of on-deck containers. 

The parties also agreed to furnish the 
entire stowage plan when the CMA CGM 
Benjamin Franklin left Asia – 13 days in 
advance of her arrival in LA. Typically this 
information is transmitted about 24 to 48 
hours before vessel arrival, which is the 
usual case for 10,000-14,000 TEU ships 
calling at the Port of Los Angeles. 

Planning with the International 

Longshore and Warehouse Union (ILWU) 
was crucial, especially given the timing of 
the ship’s call. The CMA CGM Benjamin 
Franklin arrived the day after Christmas, a 
period when many of the most experienced 
crane operators, dockworkers, marine 
clerks, and other facility personnel are off 
for the Christmas holiday. Preparations 
ensured the operation was fully staffed 
with ample labour for every shift during 
the four-day call.

The arrival and successful handling 
of this vessel was also an important 
moment for the ILWU workforce. They 
demonstrated the skills and expertise they 
bring to the docks all year long, working 
ships of all sizes.

Likewise, communicating with beneficial 
cargo owners, trucking companies, our 
short-line rail operator, Class I railroad 
partners, customs house brokers and 
freight forwarders was essential. This 
included daily assessments of labour and 
the equipment needed to work a vessel 
while it remained in port, allowing all of 
us to optimise every facet of discharging, 
staging and moving inbound cargo, as well 

THE PORT OF LOS ANGELES
HANDLING A MEGA-SHIP

Gene Seroka, Executive Director,
Port of Los Angeles, California, USA 
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as loading export containers. Working 
closely with the US Coast Guard and US 
Customs and Border Protection to meet 
inspection and boarding requirements was 
another key to our success.

THE FRAMEWORK FOR COOPERATION
Our ongoing Supply Chain Optimization 
(SCO) initiative, launched more than six 
months before the CMA CGM Benjamin 
Franklin was even delivered, established 
the framework for this unprecedented 
level of coordination and data sharing. 
The catalyst for creating the SCO initiative 
was the congestion US West Coast ports 
experienced in late 2014 and early 2015 
stemming from the formation of ever-
larger shipping alliances, bigger ships 
delivering more cargo in a single call, a 
dislocated chassis supply, and protracted 
labour contract negotiations. 

This perfect storm gave a new urgency 
to finding better ways for everyone 
in our supply chain to collaborate on 
a permanent basis. A higher level of 
cooperation was only possible with 
approval from the Federal Maritime 
Commission (FMC), which the ports of Los 
Angeles and Long Beach obtained a year 
ago. We immediately began substantive 
talks with our supply chain partners on 
everything but price and terms. 

By the time the decision was made 
to make Los Angeles the first US port of 
call for the CMA CGM Benjamin Franklin, 
our working groups of stakeholders 
representing every link in the supply 
chain – shipping lines, terminal operators, 

cargo owners, labour, railroads, trucking 
interests, chassis providers, customs 
brokers and freight forwarders – had 
been meeting regularly about the major 
variables in our supply chain cycle: 
purchase order and manufacturing timing, 
pre-loading consolidation, stowage and 
sequencing at the port of origin, discharge 
operations at destination, trucking, and rail 
transport. The mechanisms that allowed 
us to address these variables and ensure 
swift, effective handling of the CMA CGM 
Benjamin Franklin’s cargo were in place. 

PORT INFRASTRUCTURE
Clearly, this milestone would never have 
been possible without the decades of 
planning and harbour development by 
the port and its business partners making 
it technically feasible for an 18,000 TEU 
vessel to call in Los Angeles. The CMA CGM 
Benjamin Franklin berthed at APMT’s Pier 
400, a 393-acre marine container terminal 
with assets that include 14 Super post-
Panamax cranes and an on-dock rail yard 
with nearly 70,000 feet of loading and 
storage track. 

The facility itself not only reflects 
extensive planning and capital outlay, 
it is symbolic of more than 30 years of 
strategic investment in channel deepening 
and landside infrastructure development 
at the Port of Los Angeles. In the case of 
Pier 400, APMT plans to raise its cranes 
this year to a height of 304 feet and extend 
each crane boom by 10 feet to reach 23 
rows across an ultra-large container vessel 
loaded to capacity. This project is just 

one of many facility improvements our 
terminal operators are making, with the 
port’s share alone expected to exceed 
US$2.6 billion over the next decade. 

MARKET REALITIES
By every measure, the CMA CGM Benjamin 
Franklin’s call was a success: 11,204 
containers handled during 56 hours of 
operations, including one shift of nine 
cranes at 29 gross moves per hour, and 
2,845 inbound rail containers discharged 
to form 12 double-stack trains. The vessel 
departed 13 hours ahead of schedule from 
the Port of Los Angeles.

In addition, the CMA CGM Benjamin 
Franklin called while the Maersk Edmonton 
was also berthed at APMT’s Pier 400. The 
ILWU also successfully worked the Maersk 
Edmonton, briefly the largest vessel to 
call at a North American port (prior to the 
CMA CGM Benjamin Franklin’s arrival). 
These two vessels were docked alongside 
each other for nearly two days.

These initial visits and subsequent 
calls by both vessels bode well for 
demonstrating our ability to service ultra-
large vessels. However, all this activity 
raises the question of whether these ships 
will be deployed to more North American 
ports anytime soon. History tells us it is 
only a matter of time. With new vessel 
orders, the changing dynamics of shipping 
alliances and ongoing consolidation in the 
liner trade, the push for efficiencies has 
never been greater. 

Last year, industry analyst Alphaliner 
reported as many as 50 new ultra-large 
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vessels of 13,800 to 20,000 TEU were due 
to be delivered by the end of 2015 for 
service in the Europe-Asia trade. Another 
37 ultra-large vessels are expected this year, 
including 13 ships with 19,000 to 20,000 
TEU capacities. We don’t know how large 
these ships will get, but we do know the flow 
of the newest ultra-large vessels into the 
Asia-Europe trade lanes is already having a 
familiar cascading effect on the trans-Pacific 
trade. More 13,000 to 14,000 TEU ships 
now call at the San Pedro Bay ports. It is 
safe to expect further changes in the carrier 
network bringing a greater number of these 
ultra-large vessels to Los Angeles.

GOING FORWARD
The CMA CGM Benjamin Franklin gave 
our port and regional supply chain the 
opportunity to perform at our best, and 
we took it. The results confirm there is 
no time like the present to intensify this 
collaborative focus on optimising supply 
chain efficiency. 

All US ports must continue to upgrade 
their facilities. This is a discussion of 
national significance. Given the magnitude 
of the investment needed, it is encouraging 
our federal government is increasing its 
financial support for our national freight 
system and dedicating funding in a way 
that recognises our ports and intermodal 
hubs are critical components of this 
network. 

With cargo volumes projected to grow, 
making the highest use of our resources in 
Southern California will include continuing 
to pursue innovative solutions for 
improving velocity, such as greater use of 
integrated technology systems to provide 
a single line-of-site view for supply chain 
stakeholders, ancillary support programs 

such as our “peel-off” operations, and 
exploring new strategies like short-haul 
unit trains to move containers from the 
docks to regional inland markets. 

The proactive role the Federal Maritime 
Commision is playing to improve the flow 
of cargo nationwide is also encouraging. 
At the San Pedro Bay port complex, the 
agency is launching an initiative to help 
the private sector develop commercial 
solutions to supply chain challenges. This 
initiative will complement our SCO efforts.

The larger lesson here is teamwork. 
Every link in the chain has a role to play 
in making what Los Angeles was able to 
achieve with the CMA CGM Benjamin 
Franklin a routine practice, regardless of 
vessel size. 

Staying competitive into the future 
demands better communication, 
coordination and data sharing as early as 
possible so our industry can continue to 
thrive. A better view of inbound vessels 
and cargo helps ensure terminals have 
the right level of labour, containers are 
stowed so they can be easily discharged in 
customer blocks, the trucking community 
knows when containers will be available 
for pick-up, chassis are strategically 
provisioned, and trains are at the ready to 
move cargo to the heartland.

Individually, the members of our 
industry excel at planning. But with the 
increasing complexity of mega-ships 
carrying containers for multiple partners 
from diverse points to various destinations, 
our fates are more intertwined than ever 
before. Coordination on a consistent basis 
must become second nature and the Port 
of Los Angeles stands at the ready to 
work with all stakeholders to optimise the 
supply chain.

ABOUT THE AUTHOR

As Executive Director of the busiest 
container port in North America, Gene 
Seroka is responsible for managing more 
than a US$1 billion budget, leading a team 
of more than 900 employees, advancing 
major capital projects, growing cargo 
volumes, and promoting innovative, 
sustainable practices that improve Southern 
California’s economy and quality of life. His 
duties involve interacting with a wide range 
of stakeholders, including port customers 
worldwide, supply chain partners, labour, 
community members, and elected and 
appointed officials at all levels. An industry-
known leader, Seroka brings more than 
27 years of experience in shipping, global 
logistics and executive management to 
the Port of Los Angeles. He is a prominent 
supporter of collaboration and promotes 
teamwork, participation and partnerships 
to advance solutions to commercial, port 
terminal, intermodal, land transportation 
and labour issues throughout the region.

ABOUT THE ORGANISATION

The Port of Los Angeles is America’s Port®, 
the nation’s #1 container port and global 
model for sustainability, security, and 
social responsibility. Known for progressive 
environmental achievements and state-of-
the-art technology, the Port’s commitment 
to modernization and efficiency is at its 
core with plans to invest $2.6 billion in 
infrastructure improvements through 2021.

ENQUIRIES

https://www.portoflosangeles.org/ 
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The tugs of the Damen Standard Tug 
Series have been proven as top quality, 
high performance ship handling tugs, 
designed for working under the fl are of 
container vessels. They are characterised 
by ergonomic layouts, towline-friendly 
designed, stainless steel towing bitt s 
and fairleads, well-shaped funnels and 
superstructures and heavy fendering. Our 
tugs have to be both user friendly and 
maintenance friendly.

Quite oft en tugs from competi tors 
require modifi cati ons aft er delivery.

For example, other yards use bott om 
coolers for the main engines (resulti ng in 
higher fuel consumpti on) or inter cooling, 
which is less reliable. The Damen Standard 
closed cooling system allows box coolers to 
be fully integrated in order to guarantee a 
fl ush hull and an opti mal water fl ow. 

It is remarkable to see the effi  ciency, 
handling speed, compactness of the Damen 
ASDs/RSDs. In harbours, normally two tugs 
carry out the assistance during mooring 
and departure. But with Damen tugs, 
someti mes one tug is doing it; assisti ng 
at the bow or stern, pulling, pushing and 
escorti ng. 

Additi onally, thanks to an opti mal 
underwater design, with fl ush, round bilge 
hulls, and with specially shaped skegs, the 
Damen ASD Tug Series has the lowest fuel 
consumpti on in the market. 

Due to the quick reacti on ti me of the CAT 
3516 and MTU 4000 with 1600rpm main 
engines with twin turbos, the accelerati on 
and the handling speed of the Damen ASD 
Tug Series is really phenomenal. 

NEW BUILDING STRATEGY
The Damen culture is to take feedback 
from our customers very seriously and we 
recognise that their comments are the 
best way to improve the Standard Series. 
Many of these improvements will be seen 
in several new series Damen is launching. 

All of these tugs will be built according to 
a new company strategy designed to make 
the producti on process more effi  cient. 
Under the new system, introduced on 
March 1, 2016, tugs will be constructed at 
only fi ve shipyards in the group. Damen has 
32 ship and repair faciliti es worldwide. 

Concentrati ng tug building at fi ve yards 
enables Damen to achieve ‘specialised, 
dedicated, industrial producti on’, with 
state-of-the-art faciliti es. The team at each 
yard will know that vessel type inside out, 
enabling the group to work on the quality 
of every individual component.

These new Standard Series represent an 
enormous eff ort from dedicated teams. 
Developing these vessels is truly a top sport.

DAMEN ICE CLASS ASD TUG SERIES - 
2609/3010/3412 
Damen’s new Ice Class ASD Tug 2609 will be 
built in Damen Shipyards Changde and the 
new ASD Tug 3010 ICE and ASD Tug 3412 
ICE will be built in Damen Shipyards Galati . 

The new generati on is a real step forward 

in terms of performance, with the tugs 
(ASD 2609 ICE, 40 tonnes BP, ASD 3010 ICE, 
60 tonnes BP and ASD 3412 ICE, 75 tonnes 
BP) all having up to 40% higher ice-breaking 
capabiliti es. Damen’s R&D Department has 
worked intensively on a new bow design 
and the angle of the bow has changed 
signifi cantly, reduced from 56 degrees to 
just 45 degrees to achieve this improved 
performance.

The series has very good insulati on, with 
parti cular att enti on paid to the engine/
rudder propeller room and accommodati on 
areas, and around doors and windows. The 
proven Damen Standard keel cooling system 
is also possible because the hull is large 
enough to accommodate the fl ush bott om 
cooling channels. The hulls are designed for 
RMRS Arc 4 and FS 1AS Ice Class. 

DAMEN MULTIPURPOSE ASD TUG SERIES – 
2811/2812/2913
With the growth in container vessel and 
cruise ship sizes and the increasing speed of 
work, tug operati ons in ports are becoming 

DAMEN INTRODUCES 10 NEW 
TUGS: THE STANDARD SERIES 
Coen Boudesteijn, Damen Product Director Tugs, 
Damen, Gorinchem, Netherlands
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more demanding. The new generati on, 
multi purpose Damen ASD Tugs 2812 and 
2913 have been developed in light of this 
ongoing trend. Operators need extremely 
powerful ship handling tugs but at the same 
ti me, they have to be compact to operate in 
busy harbours. 

The Damen ASD Tug 2812 has a total 
power of 4,480 and the ASD Tug 2913 has a 
total power of 5,050 kW but they are just 28 
metres and 29 metres in length, respecti vely. 
And even though they have 70 and 80 tonnes 
BP, the tugs are sti ll very compact.

The new tug type has large tank 
capaciti es for fuel and water, as well as for 
recovered oil and a double drum winch 
- one for operati ons and one on standby. 
Able to reach speeds of 13.5 knots, the tugs 
have quite a large freeboard in combinati on 
with a beam of 12 metres and 13 metres, 
which enables them to keep a dry working 
deck and they are very stable with GM 
values above 2 metres. 

A Series of 10 ASD Tugs 2913 is currently 
being built for stock at Damen Shipyards 
Galati  in Romania. The new ASD Tug 2812 
will be introduced at the end of 2017.

Additi onally, the new ASD Tug 2811 will 
be introduced in the second half of 2017. 
The 65-tonne BP vessel has Caterpillar main 

engines, (type 3516C TA HD/C), each with 
2000kW providing 1600 rpm, as well as 
Rolls Royce US 205 thrusters with 2500mm 
propellers. The design is already prepared 
for the future Tier 3 requirements. The 
new ASD 2811 has modern and spacious 
accommodati on for eight crew, and low 
noise levels in line with BV Comfort Class. 
The Damen ASD Tug 2811 series is being 
built at DSCS Vietnam. 

Damen’s Tug Department has designed 
the ‘confi gurator’ for the ASD 2811 
together with an app, which allows clients 
to customise the vessel.

DAMEN CONVENTIONAL STAN TUGS SERIES 
- 2309/3011
Another Series being built under the new 
industrial producti on methods are the Stan 
Tugs 2309/3011. The Stan Tug 3011 was 
successfully introduced in 2015 and the 
Stan Tug 2309, a conventi onal twin-screw 
tug, is set to launch in 2017. The Stu 3011, 
with 70 tonnes BP, is being built in Damen 
Song Cam Shipyards and the STu 2309, 
with 40 tonnes BP, will be built exclusively 
in Damen Shipyards Changde. The Stan Tug 
2309 has 40 cm more beam, more depth 
and extra bow height, as well as a transverse 
constructi on system for extra strength. 

DAMEN RSD® TUG SERIES - 2513/2814
And the fourth tug Series to benefi t from 
the new working methods is the Reversed 
Stern Drive (RSD®) Tugs 2513 and 2814. The 
new RSD Tug Series are designed to be both 
ultra-powerful and ultra-responsive. With 
impressive stati c bollard pulls of 70 tonnes 
for the RSD 2513 and 85 tonnes for the RSD 
2814, the vessels have excellent dynamic 
escorti ng performance capabiliti es.

A Damen patented, twin-fi n skeg 
design gives the operator opti mal towing 
performance, both at the stern and the 
bow. The RSD Tug Series is the only compact 
tug designed to always work bow fi rst. This 
makes it extremely effi  cient in confi ned 
harbours and estuaries and means that it 
always has a dry deck. To be built in Galati , 
the RSD 2513 will be introduced in 2017 
and the RSD 2814 in 2018. 

As readers can see, we at Damen love tugs. 
But we believe we can make improvements 
and go for perfecti on. And that’s what we 
do at Damen. The new producti on method, 
with these dedicated yards, enables Damen 
to improve quality and effi  ciency at every 
level of a tug’s constructi on. 

ABOUT THE AUTHOR 

Coen celebrates his 40th anniversary at 
Damen Shipyards at the end of the year. 
In 1976, Coen started at the company’s 
drawing offi  ce as group manager. The 
fi rst design he worked on was the Pushy 
Cat 1300. Coen has now been the Product 
Director Tugs for more than 25 years. 

ABOUT THE ORGANISATION 

Damen Shipyards Group operates 32 
shipbuilding and repair yards, employing 
9,000 people worldwide. Damen has 
delivered more than 5,000 vessels in 
more than 100 countries. Damen’s focus 
on standardisati on, modular constructi on 
and keeping vessels in stock leads to 
short delivery ti mes, low ‘total cost of 
ownership’, high resale values and reliable 
performance. 

ENQUIRIES 

htt p://www.damen.com/
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Cable management on cranes at seaports 
is becoming an increasingly important 
issue. With the extreme length of travel 
and speeds that these modern cranes 
are operati ng at (be it ship to shore, rail 
mounted gantry, or rubber tyred gantry 
cranes), the traditi onal cable management 
methods on port cranes are being pushed 
to their design limits. 

To address these concerns, Tsubaki 
KabelSchlepp developed the next evoluti on 
in cable carriers with the creati on of the 
Roller Supported Chain (RSC) system. The 
RSC system has been specifi cally designed 
to solve cable management needs within 
the port crane industry. Traditi onal 
methods of cable management on port 
cranes has generally been handled with 
festoon systems or increasing more oft en 
with standard cable carriers. 

THE RSC SYSTEM 
The development of the RSC System 
resolves the shortcomings of the 
traditi onal cable management methods on 
port cranes. The RSC system does not use 
rollers built into the cable carrier, because 
having the wheels as part of the link 
constructi on can cause excessive vibrati on 
and jams that will lead to accelerated wear 
and eventually total replacement of the 
cable carrier.  The RSC system was designed 
so that the upper run of the cable carrier 
never comes in contact with the lower run 
of the cable carrier like traditi onal cable 
carrier designs. 

The RSC system uses maintenance-
free ball bearing rollers that are mounted 
onto the side of the cable carrier. The 
rollers are fully exposed and roll on the 
smooth top surface of the guide channel. 
With this design, no bounce or vibrati on 
is caused by the wheels rolling on top of 

each other. Not only does this insure low 
noise and vibrati on during operati on, but 
also reduces the tow forces by 90% in 
comparison to traditi onal cable carrier 
systems, and even greater in comparison 
to festoon systems. 

This reducti on in tow force minimises 
the wear on the cable carrier which greatly 
increases the life. The design also insures 
that all components on the RSC system 
are easily accessible. Recesses in the 
guide channel make it easy to reach the 
rollers and modular side parts. This allows 
for easy inspecti on of the rollers without 
lift ing or touching the cable carrier. Worn 
rollers can be replaced individually during 
maintenance if necessary. This means 
that the ti me-consuming and expensive 
replacement of the complete cable carrier 
is no longer necessary if the wheels wear 
out. 

SPECIAL GUIDE CHANNELS 
Another feature of this new system is the 
specially designed guide channels. These 
can be mounted together regardless of the 
defi ned support distances on the crane. 
Compared to the usual fi xed support 
distance of 2 metres, the RSC system saves 
connecti on points, and therefore steel 
components, for the support structure. 
The RSC soluti on can operate at speeds and 
distances that have not been obtainable 
with traditi onal cable management 
methods. It can easily operate at speeds 
in excess of 10 metres per second over a 
travel distance of 300 metres, carrying a 
load of 100lbs. per foot.

RSC VS FESTOON
The use of an RSC cable carrier addresses 
several concerns in comparison to a 
festoon system that goes beyond just the 

concern with crane operati ng speed. With 
your standard festoon system, each cable 
needs to be approximately 115% of the 
length of crane travel. With the RSC cable 
carrier system, each cable only needs to 
be approximately 52% of the length of 
travel. On a long travel port crane system, 
this reducti on in required cable length can 
translate into a substanti al cost savings. 

The RSC cable carrier system also 
requires a much smaller operati ng 
envelope in comparison to a festoon 
system. A typical long travel festoon 
system can require an operati ng envelope 
space as large as 15 feet in height and 5 
feet in width. An equivalent long travel 
RSC cable carrier system may only need an 
operati ng envelope 3 feet in height and 2 
feet in width. 

Even more important to crane operators 
is the “parking stati on” that a festoon 
system requires. A long travel festoon 
system on a crane oft en needs up to 10% 
of total travel distance for this “parking 
stati on.” On a ship to shore crane, this 
“parking stati on” requirement for the 
festoon system could easily be in excess 
of 60 feet. In comparison, an RSC cable 
carrier system virtually eliminates this 
requirement, and on an equivalent 
system would require less than 5 feet of 
“parking space.” You can easily see how 
an RSC system can help to increase the 
operati ng envelope of typical port cranes 
and eliminate the additi on of extra storage 
structures.

Another key feature of the RSC cable 
carrier system is the amount of support it 
provides the cables. In an RSC cable carrier 
system the cables are laying horizontally, 
fully supported and separated inside 
the cable carrier. In contrast, a festoon 
system’s cables are only supported 

RSC SYSTEM VS FESTOON 
AND TYPICAL CABLE 
CARRIERS 
David Smith, Director of Sales, KabelSchlepp Division, 
U.S. Tsubaki, Wisconsin, US 
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periodically at the saddles, leaving the 
cables left hanging unsupported once the 
system goes beyond the saddles. Not only 
does this hanging add increased stress on 
the cables, but it also exposes the cable to 
constant motion from the wind and other 
outside forces. Maintenance of cables on 
an RSC cable carrier system is also much 
easier in comparison to a festoon system. 
Replacing a cable on a festoon system will 
require you to manually release it from 
each festoon saddle location, and then 
install the new cable. Not only will this 
take increased labour, but this new cable 
will need to be more than twice as long 
as what the RSC system would require. 
The RSC system offers quick installation 
by just pulling the new cable through the 
carrier, and then strain relieving the cable 
at each end.

ABOUT THE AUTHOR 

David Smith has been involved with the 
cable carrier industry for the past 20 years, 
and has supported customers in a wide 
variety of industry to design and select 
the best possible cable carrier soluti on 
for their most diffi  cult applicati ons.  David 
is currently the Director of Sales for the 
KabelSchlepp division of U.S. Tsubaki, 
where he has been employed for the past 
14 years.

ABOUT THE ORGANISATION 

U.S. Tsubaki is a subsidiary of Tsubakimoto 
Chain Co., a leading manufacturer and 
supplier of power transmission and 
moti on control products and is the world's 

market share leader in roller chain.  
Tsubaki provides opti mal and customizable 
soluti ons for a range of applicati ons within 
the Port Crane Industry.  These include 
Cable & Hose Carriers and Cables, Roller 
Supported Chain Systems, Drive Chains, 
Leaf Chains, Backstops & Clutches and 
Electric Actuators.  With nearly a century 
of successful manufacturing know-how 
and technical experti se, Tsubaki can 
provide the best engineered soluti on to 
fi t your specifi c needs, and provide the 
Tsubaki Advantage.
An ISO 9001:2000 and ISO 14000 registered 
company
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“Following transnational global climate agreements, 
national, regional and city governments are looking 
towards ports to contribute to the reduction of various air 
emissions, in particular greenhouse gasses.”

Professor Michaël Dooms and Magali Geerts of Port Economics explain green port infrastructure pricing, 
page 118

ENVIRONMENT AND 
SUSTAINABILITY



Providers of large-scale transport 
infrastructure are under increasing 
pressure to regulate the behavior of their 
users, in particular towards sustainable 
development objectives related to the 
environment. Just like airport managing 
companies apply environmental factors 
such as noise emission parameters of 
aircraft into their airline pricing schemes, 
port authorities have been applying 
various schemes to provide green 
incentives to their users, mainly shipping 
lines, to reduce the environmental impacts 
of their operations. 

The main driver for these developments 
are the global climate objectives set 
out during global climate conferences 
(Kyoto 1997 and follow-up meetings, and 
more recently COP 21 in Paris) where 
maritime transport has been identified as 

a significant contributor to air emissions. 
At present, according to IMO research, 
maritime shipping is held accountable for 
2.5% of global greenhouse gas emissions, 
with an increase foreseen of 50% to 250%, 
by 2050. The potential reduction to be 
achieved both by operational measures 
and investments in new technology, 
according to IMO studies, amounts to 75%.  

CLIMATE CHANGE: THE ROLE OF PORTS 
As ports are crucial nodes in the logistics 
chain, they are affected in different ways 
by the current situation. First, following 
transnational global climate agreements, 
national, regional and city governments 
are looking towards ports to contribute 
to the reduction of various air emissions, 
in particular greenhouse gasses. While 
on the level of industrial activities in port 

areas, significant improvements have 
been achieved, the maritime transport 
/ logistics chain has somewhat lagged 
behind in achieving similar rates of 
emission reduction (in relative terms). 
Port authorities, as local regulators of port 
areas, are expected by higher government 
levels to take initiatives and integrate 
ambitious goals within local, regional and 
national emission reduction schemes. 

Second, local communities are 
increasingly aware of the health effects of 
maritime and hinterland mode transport 
emissions on a local level such as NOx, SOx 
and PM10 (fine particles), and are blocking 
further port infrastructure developments 
on these grounds, as well as attacking the 
social license to operate of port areas. 

As a result, port authorities are 
forced to develop strategies towards 

GREEN PORT
INFRASTRUCTURE 
PRICING
THE CURRENT SITUATION AND CHALLENGES AHEAD
Professor Michaël Dooms, Associate Professor; and Magali Geerts, Research Associate; 
Solvay Business School (the University of Brussels), Brussels, Belgium 
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their customers, providing incentive 
frameworks to stimulate the adoption of 
more environmentally friendly behaviour. 
These elements have led to the creation 
of a global initiative under the umbrella of 
the IAPH, named the WPCI (World Ports 
Climate Initiative), along earlier industry 
arrangements such as e.g. the European 
ECOPORTS initiative. 

One of the specific areas which 
has gained attention is green port 
infrastructure charging, oriented towards 
shipping lines calling the port, i.e. 
integrating environmental parameters 
in the calculation of port, navigation 
or harbour dues collected by the port 
managing body. This interest is confirmed 
as the recently released results from 
the ECOPORTS survey show that 62% of 
ECOPORTS members (mainly European 
ports) have a green charging/pricing 
system in place. Recent research (from 
2015-2016) in a study commissioned by 
the European Commission (DG MOVE) 
has shed more light on the main strategic 
issues surrounding the topic. 

VARIETY AND CHOICE OF SCHEMES
Decisions on the adoption of a particular 
scheme need to be taken on two levels. 
First, a port managing body needs to 
decide whether the scheme is purely 
“positive incentive”-based or whether a 
bonus/malus system is applied. Under the 
hypothesis of a bonus/malus system, this 
would imply setting a yardstick to which 
the environmental performance of all 
ships calling the port would be assessed, 
and subsequently some customers 
would be pay more (the customers more 
polluting than the yardstick), and some 
less (the customers performing better 
than the yardstick). 

A positive incentive system, on the 
contrary, starts from the hypothesis that 
all ships calling at a port are compliant 
with minimum environmental regulations 
(following legally binding conventions), 
and that only behavior beyond compliance 
is rewarded by a discount on port dues. 

The second level of decision is to 
determine the underlying environmental 
parameters, or more broadly the specific 
environmental scheme applied. One 
successful example of a scheme, adopted 
by around 40 ports worldwide and 
with currently more than 4.500 ships 
registered, is the so-called Environmental 
Ship Index scheme (ESI) developed under 
the umbrella of the IAPH. 

The ESI starts to score ships at the 
level of compliance and participating 
port managing bodies are able to develop 
incentive schemes for ships beyond 
compliance. The strength of the system 
is its limited cost for participating port 

authorities and shipping lines, and its 
flexibility with regard to implementation. 

Port managing bodies are independently 
able to determine the scope and field 
of application, e.g. the development of 
ESI performance tiers within the pricing 
structure, the minimum level of ESI-
score to get discounts, the types of cargo 
markets, and so forth. Other schemes 
applied by port managing bodies are 
the Green Award, Rightship, the Clean 
Shipping Index and Blue Angel, of 
which some are based on independent 
certification of vessels, and somewhat 
more costly to shipping lines (as audits 
and inspections are required), but also 
more comprehensive as they integrate 
elements of safety / security compliance 
and management procedures. 

Some ports combine different schemes 
and/or add other bonus schemes, such 
as introducing additional discounts for 
superior performance within certain 
emission categories more salient on a local 
level (e.g. PM10), or vessel or operational 
features, e.g. the use of LNG fuel. 

THE FINANCES OF PORT AUTHORITIES
While port dues are rather insignificant 
within the total cost of the supply chain 
(cargo handling and hinterland transport 
e.g. being much larger cost components), 
they are a very important source of 
revenue of port managing bodies, serving 
to repay both the operational costs 
of the port managing body, and more 
importantly, maintenance and investment 
cost in basic port infrastructure.  

For landlord port authorities, port 
dues often represent 40% or more of the 
total revenue stream (along concession 
or lease fees, and some other revenues). 
As a result, decisions regarding the 
implementation of green pricing are not 

only highly complex, but might also heavily 
influence the financial situation of port 
managing bodies, in particular if a rebate 
structure is applied without compensation 
or recalibration of the pricing structure via 
other (commercial) parameters. 

Research within the Hamburg-Le Havre 
port range shows that currently circa 0.5% 
to 1% of total port dues are spent within or 
reserved for green incentive schemes. The 
research also shows that decision-making 
is a multidisciplinary affair, with multiple 
departments (environment, finance, 
commercial department) being involved, 
and final decisions within the management 
committee or board of directors. 

In sum, while larger port managing 
bodies have the internal competences and 
resources to make detailed assessments, 
small to medium size ports might be 
reluctant to engage in green pricing due 
to their smaller financial resource bases, 
as well as the necessary analytical capacity 
to design, evaluate and monitor a green 
pricing scheme. 

Insights from our research show that, 
for example, ESI applying ports have 
almost annually reviewed and adapted 
the scheme since its first application in 
2011. Overall internal administrative costs 
of port managing bodies to operate the 
scheme are estimated at 0.5 to 3 full-
time equivalents (including the additional 
administrative process costs), depending 
on the degree of automation of processes, 
as well as the monitoring capacity. 

AUTONOMY OF PORT MANAGING BODIES
A substantial amount of port managing 
bodies need to submit pricing scheme 
alterations to higher governmental bodies, 
and on the level of the management 
committee or board, are not fully 
autonomous for price setting. The same is 
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valid for the overall financial management 
and budget approval. As a result, the 
introduction and subsequent alteration of 
green pricing schemes might be difficult to 
achieve in administrative or even political 
terms. 

Some port managing bodies have 
therefore opted to keep environmental 
parameters outside of their actual pricing 
schemes, and have developed a separate 
(fixed) fund within the annual budget 
allocation, which is redistributed at the 
end of a fiscal year as a kind of ‘premium’ 
to the best performing customers.

IMPACT OF SCHEMES
Most port managing bodies acknowledge 
that incentive schemes do not directly 
alter the behaviour of their customers 
in the short run through, for example, 
investments in green technology on 
current ships or changes in the ship 
portfolio calling at a port. However, 
financial calculations show that the 
incentive could potentially finance the 
use of cleaner fuel in and around port 
areas, and that if a containership calls at 
multiple ports with an incentive scheme 
on the same loop, a substantial rebate can 
be obtained (however not enough to fully 
finance new green technologies or refits). 

This is confirmed by the increased take-
up of the schemes in terms of the number 
of vessels (as reported by some ports). 
According to the surveyed ports, the green 
pricing schemes do send strong signals to 
the market and are expected to have mid- 
to long-term results as the green pricing 
schemes are factored in within decision 
processes on new ship investments (e.g. 
on the adoption of LNG fuel).  

In conclusion, we observe an increasing 

role of port managing bodies as ‘signal 
callers’ in the context of the greening of 
maritime transport. However, against a 
background of fierce competition between 
ports as well as limited financial resources, 
the actual leverage of port managing 
bodies seems limited, at least in the short 
run. 

When it comes to maritime transport, 
more global solutions on the level 
of the IMO and/or flag states (e.g. 
differentiated tonnage taxes based on 
vessel environmental performance) 
could and probably should be envisaged, 
if shorter term results are needed. Of 

course, port authorities are also able to 
pull other levers and/or activate other 
stakeholders, e.g. on the level of waste 
collection fees, provision of cold ironing, 
as well as provisions within concession 
contracts (e.g. modal split objectives, use 
of environmentally friendly technology 
such as electric vehicles, etc). In sum, 
our research shows that stakeholders 
are faced with complex and challenging 
decision processes, both on the micro- 
and macro-economic level, to ensure that 
maritime shipping contributes its part on 
local and global climate agendas.
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Due to the increasing complexity of 
electrical and control systems onboard ships, 
maintenance of ship electrical installations has 
become a major issue. Reactive maintenance, 
i.e. repairing after a failure, is even more 
critical on ships as maintenance teams 
onboard are limited in number and at the 
same time need to be trained and competent 
on many different systems, products and 
technologies. In order to ensure correct 
operation of these systems, it is necessary 
to follow manufacturer recommendations 
regarding regular verification, testing and 
replacement of critical parts when needed.

Preventive maintenance is the common 
strategy in the shipping industry: according 
to manufacturer recommendations 
and classification society requirements, 
maintenance plans are scheduled in 
advance so as to reduce downtime. It 
makes it easier to anticipate and plan 
resource availability (material, dock, human 
resources, and so forth).

However this preventive approach is not 
perfect and cannot guarantee zero failure 

when shipping. In addition, due to the 
increasing pressure on costs in a competitive 
environment, maintenance operations are 
under scrutiny and reducing the downtime 
they cause has become a major challenge. 

CONDITION-BASED MAINTENANCE FOR SHIPS
Condition-based maintenance (CBM) 
is a different strategy: while preventive 
maintenance relies on manufacturer 
and classification society requirements, 
condition-based maintenance is adapted 
according to the actual service conditions 
the system has to withstand. Ships are 
generally designed to operate in certain 
configurations, typically at an average 
given speed, and all components are 
sized according to these requirements. 
In particular, electrical installations are 
supposed to operate at a rated voltage, 
with pre-determined load profiles, so as 
to maximise the efficiency ratio of the 
equipment. However, the actual use may 
be different. For example, introduction of 
a slow steaming operation has modified 

the operating point of the main engine and 
propeller, and although this practice aims to 
reduce fuel consumption, in many cases it 
does not correspond to the forecasted use 
of system as it was designed.

In this approach, the technical parameters 
of the equipment are measured and 
combined with environmental parameters 
and information relating to system usage. 
This information will then be used either 
to detect early signs of failure or to adjust 
maintenance plans.

MEASUREMENT AND ANALYSIS
One of the key considerations is how to 
gather the data needed for monitoring. 
The shipping industry is starting to take 
advantage of the global Internet of Things 
(IoT) trend, and CBM is all about leveraging 
the fast growing connectivity of devices. 
Most electrical equipment onboard includes 
embedded sensors or provides data such as 
temperature, pressure, current, power - for 
instance, medium voltage (MV) switchboards 
are equipped with protection relays, current 

CONDITION-BASED 
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and voltage transformers or power meters 
providing comprehensive data regarding 
energy consumption and power quality. 

Power transformers can be equipped with 
embedded temperature sensors. This data is 
primarily used for ship control and monitoring 
systems but could easily be made available for 
external monitoring. The analysis of different 
parameters combined with environmental 
data like external temperature or relative 
humidity can lead to detection of imminent 
failures or give relevant information relating 
to the misuse of equipment.

One of the most critical examples relates 
to busbar joints and cable connections. Poor 
connections can result in serious damage 
- from over-heating to fire, causing large 
losses. It is estimated that about 25% of all 
major electrical failures are due to loose or 
faulty connections1. To prevent such events, 
a preventive approach would typically consist 
of regularly checking tightening torque on 
every single power connection point, which 
can take a lot of time on a large ship. In 
the predictive approach, one solution is to 
monitor the conductor temperature next to 
the connection point and to detect abnormal 
values, either individually or by comparing 
other values (temperature on other phases). 
In these conditions, it is possible to point out 
connections that need to be verified instead 
of having to check all of them individually. This 
saves time and avoids unnecessary work.

Other applications related to condition-
based monitoring on electrical installations 
include circuit-breaker monitoring (low and 
high voltage), environmental monitoring, 
high circuit-breaker partial discharge and 
vacuum monitoring. Of course condition-
based maintenance is not limited to electrical 
equipment. Methods such as vibration 
analysis are used to detect component failures 
such as defective bearings or misalignment of 
equipment such as gearboxes, fans, shafts, 
motors and so forth.

Such monitoring demands well-adapted 
IT infrastructure onboard vessels. While data 
has to be collected locally, it should be made 
available for analysis preferably on shore, for 
example in ship operators’ service offices. 
Different solutions exist, but cloud-based 
architectures are suitable. Data loggers are 
installed onboard to collect data and send it to a 
remote server through an Internet connection, 
most likely using satellite communication; the 
configuration of this communication system 
will be very much dependant on the number 
of assets to be monitored as well as on the 
frequency of data exchange, keeping in mind 
that the available bandwidth is expected 
to be limited to approximately 200kbytes/
second (megabyte size communication lines 
are very unlikely to be used for such purposes, 
for cost reasons). Finally, all this data should 
be securely stored so as to be analysed and 
saved for future reference. Implementation 

of this infrastructure should be made taking 
appropriate measures regarding cybersecurity 
and use of dedicated IT solutions and data 
loggers.

KEY BENEFITS AND CHALLENGES 
The benefits of CBM for ship operators are 
multiple. First it will improve the overall 
system reliability and significantly reduce 
downtime. It will also make it possible 
to adjust and optimise the maintenance 
plan frequency based on actual figures, 
thus leading to significant cost reductions. 
Data analysis can also be used to compare 
similar vessels inside a fleet or to examine 
trends over longer periods, typically energy 
consumption on critical loads and efficiency 
levels. This data and related reports may be 
used to determine areas for optimisation in 
the ship’s design or usage and drive retrofit 
requests. Spare parts management is also 
simplified, especially because the need for 
emergency spare parts is reduced.

On the other hand, some challenges 
should be taken into account. Although CBM 
can lead to modifications in the frequency 
of maintenance operations, ship operators 
should manage these unpredictable 
maintenance periods from a logistical point 
of view and justify these changes towards 
classification societies. In any case, there will 
always be a need for preventive maintenance 
simply because some operations need to be 
performed on a regular basis or because 
certain ageing components cannot be easily 
monitored. Another point worth noting is 
that the initial cost of the installation needed 
to perform condition-based monitoring 
can be quite high. The best approach is to 
include the technical requirements linked 
to condition-based monitoring as early as 
possible in the design of the vessel. When 
it is not feasible during the retrofitting of a 
ship, the best solution is to maximise the 
use of non-invasive technologies embedded 
in easy-to-install devices, such as wireless, 
battery-free sensors.

The shipping industry is facing challenges 
regarding energy efficiency and cost 

optimisation. In order to optimise the 
investments made in this field, condition-
based maintenance is taking on a greater 
significance in terms of key implementation 
strategies to consider in the coming years. 

1: Source: NETA (InterNational Electrical 
Testing Association) 
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As ports look for ways to reduce operati ng 
costs, replacement of older lighti ng 
equipment can have a positi ve impact on 
the bott om line. Some ports operate their 
lighti ng over 4,000 hours a year, causing 
signifi cant maintenance and energy costs. 
Musco’s lighti ng systems combine lighti ng, 
structural, and electrical components to 
ensure a trouble-free operati on and a cost-
eff ecti ve soluti on. Our lighti ng systems also 
off er dimming capabiliti es when the port is 
inacti ve, improved energy effi  ciency and a 
safer environment for workers by reducing 
glare.

EFFICIENT SYSTEM DESIGN
Energy effi  ciency is not fully dependent 
on a light source. With four decades of 
system design and experti se, Musco has 
increased the effi  ciency of the same basic 
1500-watt  metal halide lamp by nearly 
40%. By understanding how a port is 

designed and how it functi ons, this allows 
us to aim and operate fi xtures where they 
are needed to ensure the design of the 
lighti ng complements the port operati ons, 
maximising energy consumpti on. 

With the use of an LED light source, 
Musco has been able to further maximise 
energy effi  ciency. A facility that recently 
benefi ted from installing a customised 
Musco lighti ng soluti on is DP World’s 
Jebel Ali Port Terminal 2. The prior lighti ng 
at the facility caused massive energy 
consumpti on, excessive spill light and 
glare, and expensive and ti me consuming 
maintenance. Our Green Generati on 
Lighti ng® using an LED light source solved 
those concerns in the 480-acre terminal. 

Musco's team of engineers designed the 
system to strategically light the sides of 
stacks and roadways, improving visibility 
for truck and lift  operators and making 
loading and unloading at the terminal safer. 

The system reduced energy consumpti on 
by 66% and will enable DP World to pay 
off  its initi al investment in less than four 
years, saving the facility US$2.9 million 
dollars over the next 15 years. The project 
earned Musco the DP World 2014 Excellent 
Performer Award for excelling in customer 
service, price, quality, delivery, and aft er 
sales service.

EASY FACILITY MANAGEMENT 
An important factor to consider when 
evaluati ng lighti ng is management of the 
system. Musco’s Control-Link® system 
provides port operators the ability to 
remotely set schedules for exactly when 
the lighti ng is needed and provide dimming 
capabiliti es in areas of the port where full 
light levels are not required. Schedules can 
be set via a smart phone app, a 24/7 call 
center, and an easy-to-use web site. 

PROVIDING PORTS WITH 
CUSTOMISED, COST-EFFICIENT 
LIGHTING SOLUTIONS
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REDUCES INSTALLATION COST
Most lighti ng equipment is mounted on 
poles using anchor bolts on a large concrete 
foundati on. The installati on of this equipment 
can be costly and ti me consuming. Musco 
uses galvanised steel poles that slip-fi t over 
a pre-cast concrete base to provide an easier 
and more aff ordable installati on. Columbia 
Ridge Landfi ll, located in north central 
Oregon, recently installed Musco’s Light-
Structure Green™ LED system. Originally the 
project was specifi ed for 54 lighti ng poles 
mounted on large foundati ons that were 1.5 
metres in diameter and 6.7 metres deep. 
That meant a massive amount of required 
concrete and additi onal access roads that 
would have to be built to transport heavy 
constructi on equipment. 

Offi  cials at the landfi ll looked to Musco 
to provide a soluti on. Musco’s engineers 
quickly designed a custom lighti ng soluti on 
for the rail transfer stati on, using our Light-
Structure Green LED system. The system 
reduced the number of poles and fi xtures 
needed, while maintaining the same light 
levels. Uti lising the system’s precast concrete 
foundati on, constructi on material costs were 
reduced by nearly $400,000, the need for 
additi onal access roads was eliminated, and 
the installati on process was cut by months.

10-YEAR ‘TOUCH FREE’ WARRANTY
Since port lighti ng is oft en used over 
4,000 hours a year, maintenance can be 
costly and ti me consuming. Musco off ers 
a comprehensive 10-year parts and labour 
warranty that guarantees light levels and 

includes performance monitoring to ensure 
the lighti ng is ready to use. The warranty 
also includes routi ne maintenance and spot 
re-lamps. 

When you combine effi  cient system design 
and controls with reduced maintenance 
and installati on costs, the result is a lighti ng 
soluti on that ensures energy savings, 
improved lighti ng performance, and reliable 
customer service. 

MAXIMISES ENERGY CONSUMPTION
DP World Vancouver required a new lighti ng 
soluti on to address several concerns with 
its existi ng high mast lighti ng infrastructure. 
Excessive on-site and off -site spill light 
and glare, high energy consumpti on, and 
high maintenance costs were all issues at 
the terminal. Aft er conducti ng a thorough 
technical evaluati on and on-site testi ng, DP 
World Vancouver determined Musco’s Light-
Structure Green LED system was the right 
choice to address those concerns.

Musco’s team of engineers analysed the 
existi ng lighti ng system and realised that 
changing the “logic” of how the terminal is lit 
would conserve energy and enhance lighti ng 
effi  ciency. Instead of having the system 
light the enti re terminal evenly, our system 
uses strategically aimed fi xtures to light the 
terminal traffi  c areas. The remaining light is 
designed to provide additi onal lighti ng onto 
the containers.

The system features a whiter light that 
provides clear visibility on the roads by 
directi ng light onto the desired surface 
and not into the eyes of truck drivers. Not 

only did it address the issue of on-site 
glare, it also eased concerns of off -site light 
polluti on. Due to the terminal being located 
adjacent to downtown Vancouver, DP World 
Vancouver wanted to minimise light spillage 
into the surrounding community. The 
customised opti c controls off ered by the LED 
lighti ng soluti on ensured light was effi  ciently 
directed onto the designated areas.

Operati ng costs have been substanti ally 
reduced with a 55% reducti on in energy 
consumpti on and the eliminati on of 
maintenance costs with Musco’s 10-year 
parts and labour. 

ABOUT THE ORGANISATION 

Using LED and metal halide light sources, 
Musco delivers customised lighti ng 
soluti ons for sports and large-area 
venues around the world. Musco has 
invested more than 35 years researching 
and testi ng lighti ng technology, and the 
precise science of light control. The results 
are aff ordable, energy-effi  cient soluti ons 
that provide the highest quality of light, 
while minimising spill light and glare. Our 
trouble-free lighti ng systems carry an 
industry leading warranty complete from 
foundati on to poletop.
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“With the emergence of big data and 
increasingly interconnected technologies, a 
revolution of efficiency and speed is overtaking 
the shipping and logistics industry. As always, 
with improvement comes considerable risk, one 
of the most worrisome of which is the growing 
threat of cyber-attack.” 

Captain Rahul Khanna of Allianz exposes the biggest threats in the maritime sector, page 130

SECURITY, SURVEILLANCE 
AND DETECTION



Pirates infiltrate a shipping company’s 
systems to identify ships with valuable 
cargoes and minimal onboard security. The 
vessel is hijacked and only the containers 
with valuable cargoes are taken. Pirates 
hand-pick their shipping targets online by 
tracking the navigation of a vessel through 
an Automatic Identification System (AIS).

Smugglers hack into networked systems 
to locate containers with drug contraband 
and cleanly confiscate the drugs without 
detection. They attempt to delete the data 
for the entire shipment to avoid a trail. 
Hackers infiltrate an energy company’s 
systems and tilt an oil rig, shutting it 
down. They also penetrate the networked 
computing systems on another rig with 
malware. Trained personnel take almost 
three weeks to clear the system.

THE SCOPE OF CYBER RISK
With the emergence of big data and 
increasingly interconnected technologies, 
a revolution of efficiency and speed is 
overtaking the shipping and logistics 

industry. As always, with improvement 
comes considerable risk, one of the most 
worrisome of which is the growing threat of 
cyber-attack. 

Most experts agree maritime cyber 
incidents are a real threat and will continue 
to intensify over the next five years. Proving 
it is quite another thing, as incidences 
are vastly underreported. Companies opt 
to deal with breaches internally for fear 
of worrying stakeholders. When reports 
of attacks do surface, details are vague, 
making it difficult to gauge the headway the 
industry has made in strengthening online 
security.

To make matters worse, in addition to 
exposures caused by technology running 
ahead of the industry’s structural readiness 
to fully assimilate it, pirates, like those in 
the above example, have begun abusing 
holes in cybersecurity to target specific 
types of cargo. 

Pirates appear to have access to 
refineries and are able to find out who 
is carrying the fuel they want. Then they 

just need to look at the AIS information 
for the ship, go alongside it, overpower 
the crew and take over the ship, disable 
communications, siphon off the cargo and 
leave the ship adrift. It has been reported 
that some ships switch off their AIS systems 
when passing through waters where pirates 
are known to operate, or fake the data to 
make it seem they’re somewhere else. 
Taking necessary measures to beef up 
network and telecommunications security 
is a priority.

CYBER-RISK EDUCATION 
From the perspective of risk consultants, 
insurers, legal authorities and other 
industry safety veterans, cyber is not a 
traditional maritime threat like weather 
and traffic. There is no historical framework 
from which to operate or recommend 
action. The shipping industry must work 
closely with IT vendors – who have more 
experience recognising and remedying 
firewall breaches when they are attempted 
– so they can begin to track and quantify 
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ONE PASS MATERIAL DISCRIMINATION
Varian’s Linatron® Mi6 is the most widely used X-ray source in cargo screening.  
The Mi6 features increased cargo verification with interlaced dual energy 
(6MV and 4MV) X-ray pulses that enable a material discrimination scan in 
a single pass.

Visit www.varian.com/sip for more information.

THE STANDARD FOR CARGO INSPECTION



them. The influx of information coming in 
and going on is difficult to trace. 

Many ships no longer carry a dedicated 
radio operator onboard and therefore 
shipboard cybersecurity can become 
a secondary or tertiary concern – an 
extra and often overlooked duty to be 
performed by the crew. Everything starts 
from shoreside operations. The ship’s crew 
plays an important role, however, shoreside 
operations needs to be proactive; when 
they are talking with the crew they should 
ask them what steps they take to protect 
the ship? Do they understand the extent of 
cyber-threat? They should provide feedback 
on the crew’s overall performance.

Also, shipping companies must have the 
same robust firewalls and security systems 
as their ships, even at the most remote 
local offices as much as at corporate 
headquarters. It only takes one instance to 
get behind the firewall and hackers then 
have access to the company’s operations, 
even to the shipboard operating systems in 
some cases.

Other security risks can result from 
improper integration of cyber-systems, 
as well, such as the unaccounted and 
unintended consequences of system 
updates and the interactions between the 
cyber-systems of ships and ports. Ongoing 
implementation of electronic navigation is 
also a potential conduit for cyber incidents. 
The cyber impact cannot be overstated; 
it goes hand in hand with electronic 
navigation – the simple fact is that you 
cannot hack a sextant.

Shipping companies must recognise the 
overall global aspect of the “Internet of 
Things” and understand that they need to 
carry out controls across all lines within 
their network. 

REGULATORY ACTIONS
Of all of the defensive efforts to thwart 
cyber-attacks, one of the most important is a 
united front among all shipping companies; 
their vessels and their governments must 
confront the problem head-on. 

Maritime organisations recognise the 
importance of guidelines to inform and 
protect increasingly vulnerable shippers, 
as the risk continues to evolve far beyond 
a loss of data. Cybersecurity is high on the 
agenda of the IMO. Its Maritime Safety 
Committee (MSC) will take up the topic at its 
next meeting later this year, urging member 
states and international organisations to 
“collaborate on proposals for guidance on 
maritime cybersecurity”.

Acknowledging the threat to safety, 
environment, hull, machinery and 
surveying, the International Association of 
Classification Societies (IACS) has created a 
cyber-system safety framework in support 
of the ongoing IMO work.

FUTURE CYBER-RISK OUTLOOK 
Shipping is still a long way from where it 
needs to be in terms of protection and 
security. While we as insurers can try to 
raise awareness and provide insurance 
solutions, generally the risk is not well 
understood and the consequences can be 
disastrous. All cyber-related incidents will 
continue to be a problem as long as they 
are relatively easy to engineer and remain 
under the radar. One of the best deterrents 
is active participation in the safety of vessels 
by ship-owners and crew, themselves. More 
awareness training is needed for the crew 
and the tendency to cost-cut by reducing 
crew numbers should be avoided.

The greatest step any company can 
take to reduce losses aboard vessels is to 
improve the crew retention. That is crucial. 
Ship operators have to realise that their 
most valuable asset is the crew which mans 
the vessel and ultimately protects it. If we 
don’t give to the crew proper recognition 
and support, then we are going to face a 
greater shortage than we already have. 
People are as important to the equation as 
either the flow of data or the flood of new 
technology that is sure to keep coming at 
the industry.  

While the likelihood of a cyber event 
that cuts off a significant portion of world 
trade is low, exposure is growing. More in-
depth analysis needs to be conducted into 
how to improve systems and people. The 

potential rise of cyber piracy is just another 
example of how this risk can quickly evolve. 
The industry may only have a few years to 
prepare for the risk of a cyber-related hull 
and machinery loss. 
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The escalati ng problem of cross-border 
movement of contraband is driving the need 
for advanced technology, which not only 
detects a range of illicit or dangerous items, 
but also introduces a much higher level of 
automati on.  Add to this ever-increasing 
volumes of traffi  c at ports and land borders, 
a requirement for stricter controls and faster 
clearance ti mes and the list of demands for 
border security is long and complex.

Image analysis operators are typically 
fed complex x-ray images, which they 
match with the cargo manifest but must 
rely on initi ati ve, training and experience 
to recognise potenti al target items.  Whilst 
some types of freight are easy to identi fy, 
others can be very diffi  cult to disti nguish – 
making the ‘human factor’ a very signifi cant 
part of the process.  So, is it suspicious or 
not?  Is the quanti ty and weight correct?  
Is it really fruit or something completely 
diff erent? Scanned images can, of course, be 
analysed further but with up to 20 vehicles 
or 100+ containers passing across a border 

every hour, there simply isn’t the ti me. So 
what is the answer?

THE POWER OF TECHNOLOGY 
In an ideal world, technology should provide 
operators with the tools they need to 
maintain exacti ng security standards and 
yet scan more cargo without increasing their 
workload. A system which automati cally 
inspects loads and vehicles and highlights 
only those suspected of harbouring a 
range of defi ned targets and/or show 
abnormaliti es would undoubtedly lessen the 
guesswork, speed up analysis and support 
the secure movement of goods.  

Focusing resources and streamlining 
the security process off ers clear benefi ts, 
including saving valuable ti me on analysis. 
The burden on the operator checking the 
images is reduced by allowing them to 
centre their att enti on on the relevant threats 
and targets. Automated, assisted decision-
making can therefore increase inspecti on 
rates and throughput and generally ensure a 

smoother procedure which, in turn, will limit 
illegal trade and increase tax revenue.

There are systems on the market today 
which off er this impressive technology. 
Conscious of the fact that it is virtually 
impossible to list everything that could 
usefully be identi fi ed, global specialist, 
Smiths Detecti on has, for example, initi ally 
concentrated on three key areas for 
its’ innovati ve iCmore™ soft ware suite: 
anomalies; radioacti vity; and cigarett es.

As the name suggests, iCmore™ 
Anomalies searches out and detects 
any apparent abnormaliti es in the cargo 
container. It is not looking for known targets 
but anything that seems ‘wrong’ or ‘out of 
place’ – even contraband, illegal goods and 
all objects forgott en or intenti onally left  
behind in containers which should be empty. 
iCmore™ Radioacti vity detects anything 
emitti  ng radiati on; and iCmore™ Cigarett es 
fi nds cases of cigarett es hidden in a load 
using patt ern recogniti on to fi nd similariti es 
between the acti ve image and library data. 

PORT AND BORDER 
SECURITY: TECHNOLOGY TO 
TRANSFORM

iCmore Cigarette Image in high resolution with mark 2
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Further target items will be added to the 
iCmore™ Cigarett es soft ware later this year.

KEEPING CONTROL
The best systems must also ensure that 
ulti mate control remains with the security 
team by off ering diff erent operati ng 
procedures.  Senior personnel should have 
the opti on to choose a fully automati c 
mode which fi lters the x-ray images and 
only displays those of suspect vehicles or 
loads; or they may prefer to have all images 
displayed with automati c alerts when a 
threat or target is detected.  Alternati vely, 
an ‘on-demand’ or ‘demand assisted’ mode 
would display all images but clearly tag them 
as ‘suspicious’ or ‘not suspicious’.   Finally, an 
operator may need to get reassurance from 
the system following a manual analysis. 

GET READY FOR ‘DIGITAL CUSTOMS’
Not only does determining whether a load is 
suspect or not need to be more automated, 
but the whole decision-making process 
would also benefi t from being handled 
centrally, typically in a command offi  ce 
where key resources and people are aligned 
in their security mission. This can be achieved 
by integrati ng the new scanning technology 

into the overall inspecti on process – the fi rst 
steps in growing the next generati on ‘digital 
customs’ approach.

Centralisati on, ease of use and a 
collaborati ve capability are the necessary 
ingredients for the creati on of true data 
fusion. The convergence of inspecti on and 
external informati on into a single package 
produces the intelligent data needed for 
further smart analyti cs to support more 
accurate decisions and a more effi  cient 
inspecti on process.

ALREADY ON THE HORIZON
Security at ports and borders needs to evolve 
quickly as threats change, so preparati on for 
the future is criti cal. Authoriti es will conti nue 
to demand the ability to process even more 
targets with fewer resources and today’s 
parti al soluti ons will have to develop with 
the market.  New targets such as weapons, 
drugs, currency and alcohol will certainly 
need to be included and it should not be 
long before systems can detect anomalies 
in container walls, tyres and fuel tanks. 
The opti on to compare vehicles and cargo 
weights is also anti cipated.

Modular digital systems built on a central 
platf orm will open the door to a stream of 

new tools and applicati ons with compati bility 
between manufacturers – all viewed on 
a single window. Based on strict industry 
standardised, large enterprise architecture, 
these soluti ons will be fully scaleable to 
suit individual requirements. Tomorrow’s 
technology is already being developed ready 
to upgrade today’s systems.

Top: iCmore Radioactivity with color range; Bottom: None empty container
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For further information on the product or sales, please visit  
www.smithsdetection.com or contact globalsales@smithsdetection.com

keep threats out and people safe by 
securing your sea and land borders 



Ports and terminals are a significant part 
of the UK’s critical infrastructure, directly 
contributing almost US$14.3 billion a 
year to the UK economy. However, with 
the increasing threats of trespassing, 
vandalism, theft and terrorism from both 
land and sea, ensuring the security of a 
port’s border is becoming increasingly 
difficult. Ports represent a major point of 
vulnerability that could have a disastrous 
impact if breached, not only for the 
industry and businesses alike, but also 
human life. Port authorities are well aware 
that the first line of defence, the port’s 
perimeter, must be impenetrable.

From a security standpoint, there are 
many environmental factors that must be 
considered when analysing a port’s location 
and weighing up the resulting risk factors. 
Being exposed to the elements, such as 
wind, rain and fog can cause a number of 
difficulties when securing perimeters. Poor 
lighting, for instance, often means that 
identifying a breach, the precise source 

and cause can be difficult without the 
correct technology in place to overcome 
it. Defining where a perimeter begins and 
ends can also be problematic, with threats 
from the land and sea both posing very 
different challenges.

THREATS FROM LAND AND SEA
The two main security threats to ports 
are generally classified as seaborne and 
landborne. Threats from the land are similar 
to those faced by many other businesses, 
including general theft, vandalism, 
trespassing, and many more. There could 
be many reasons for intruders to carry out 
such actions, from general nuisance and 
protesting, to something entirely more 
sinister. At a local level, the resulting effect 
could lead to a port shutdown, loss of 
profits or even loss of life.

In comparison to the threat from land, 
the water brings with it an entirely different 
set of challenges. This type of threat 
can often be varied and highly mobile in 

nature, such as an unidentified individual 
swimming to gain access to a vessel or a 
small speedboat. Other potential threats 
include vessels being used to blockade a 
harbour, creating shipping and ferry delays 
that can have far-reaching consequences 
on trade and profit. A more concerning 
scenario involves the theft of a vessel, 
which in the wrong hands, could potentially 
be used as a weapon. Furthermore, the 
arrival of unchecked cargo containing a 
dirty bomb would likely lead to multiple 
port closures, which in turn would set 
off cascading disruptions throughout the 
global supply system leading to hundreds 
of millions of dollars of daily losses. 

THERMAL IMAGING
Ports in the UK can vary significantly, and 
although some may have relatively low 
footfall numbers, they often still present 
a large geographical footprint with vast 
borders, making them difficult to secure. In 
addition, close proximity to the sea causes 

SECURING PORT 
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extreme weather conditions – something 
felt by port security officers all over the 
world. Many are therefore looking to 
innovative technologies, including thermal 
cameras, to help overcome weather and 
lighting adversities.

Thermal imaging cameras are built with 
a harsh environment in mind, with day and 
night and all-weather capability making it 
the perfect imaging technology to secure 
a port facility. Thermal cameras are less 
sensitive to challenging light conditions, 
instead creating images based on the 
contrast in heat omitted from any object, 
be it a person, a vehicle or a container.

Historically, thermal imaging cameras 
have been thought of as purely ‘night 
vision’ cameras, however, a thermal 
camera not only outperforms a visible light 
camera in dark scenarios – it is also a great 
tool for detecting people and objects in 
24/7 surveillance, from pitch dark areas to 
a sunlit container terminal. The technology 
is far less sensitive to problems associated 
with lighting conditions, such as shadows, 
backlight, darkness, camouflaged objects 
and water reflection. Contrastingly, when 
facing water, standard optical cameras 
will often struggle to compensate for light 
reflected from the water’s surface and are 
not able to detect at the same range as 
thermal cameras.

IP thermal cameras are the ideal 
platform on which to place most video 
analytics. Although historically the cost of 
thermal technology has been preventative 
for some users, recent tech-advances have 
led to a significant reduction in price, and 

the simplicity and increased effectiveness 
of IP thermal cameras over their optical 
alternatives means that a lower camera 
count is often achievable, bringing down 
the total cost of ownership.   

CONCLUSION 
Port and terminal security is constantly under 
review in order to prevent incidents such as 
theft, vandalism, trespassing and the ever 
present threat of terrorism. Simultaneously, 
ports are under pressure to increase the 
efficiency of operations and reduce the 
impact of any unplanned events. Business 

continuity is at the heart of any threat 
assessment and contingency plan. Effective 
intrusion detection in the shape of high 
definition cameras supported by robust 
analytics should be a fundamental element of 
any port security plan. The use of innovative 
technology, such as camera analytics 
and thermal imaging, capable of 24-hour 
detection in extreme weather conditions 
and all lighting conditions, has already been 
recognised as a key enabler and is likely to 
play a larger role as ports seek to better 
secure all aspects of their perimeter.
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“Whilst the shipping industry is a notoriously conservative 
one, it is not immune to the advances of technology and 
we cannot avoid embracing it. If current industry players 
don’t, others will, and we could risk losing our relevance 
and be replaced.”

Richard Hepworth articulates the reality of automation, page 143

VTS, NAVIGATION, 
MOORING AND BERTHING



In September 2015, Frank Coles joined the 
maritime technology company Transas as 
its new CEO. Frank Coles started his career 
almost 40 years ago when he first went to 
sea as a merchant navy deck officer. After 
12 years of sailing throughout the world, 
he left the sea and gained an LLM in Legal 
Aspects of Maritime Affairs and practiced 
maritine law for 5 years. In more recent 
years, his roles at Globe Wireless and 
Inmarsat have seen him at the forefront 
of the technology revolution in maritime 
bringing the industry’s connectivity 
capability to where it is today.

HOW DO YOU SEE THE FUTURE OF THE 
MARITIME INDUSTRY? 
With low rates and every increasing 
regulations and requirements, the 
challenge is how to run a safe efficient 
operation that is profitable. Imagine 
a world where the paperwork is done 
ashore, where the master and chief 
discuss in a team environment with the 
shore the operational decisions based 
on shared data. Where those ashore 
are rotated from the ship and so there is 
mutual respect? Where the decisions are 
taken based on analysis of the data from 
the ship, its operational requirements and 
the environment, and with decision tools 
that can make recommendations. Software 
and automation can remove much of the 
mundane and increase efficient and safe 
operations.  

HOW ARE YOU PART OF THE ‘SMART’ 
REVOLUTION, AND AS YOU ARE NEW IN 
THE ROLE, WHAT ARE YOU LOOKING TO 
MAINTAIN IN THE TRANSAS STRATEGY 

AND WHAT ARE YOU LOOKING TO 
DEVELOP? 
Our key aim at Transas is to create an 
ecosystem of harmonised integrated 
solutions in safety, navigation, training 
and ship operation that will enhance ship 
and shore integration. In January 2015, 
we introduced THESIS – the Transas 
Harmonised Eco System of Integrated 
Solutions. Ship, ship operations offices, 
training facilities around the world, and 
a properly created ship traffic control 
environment can all be connected to the 
ecosystem, effectively a community that is 
able to talk to one another. This is THESIS.

Transas wants to create a platform 
that provides a community for several 
key stakeholders to enable a change in 
attitude to ship operations and navigation, 
and thereby improve safety and safe 
operations. 

The vision is for all sectors to share 
data and enable one another to make 
better decisions, better operations and 
better training. Ship operations would be 
a coordinated evolution, with ship and 
shore based operations centres working 
together on shared information platforms. 
The ship and office would also work in a 
community where the ship traffic control 
would enable better coordination of traffic 
movements with decision based tools to 
enable direction of traffic.  

The fourth element would be training, or 
what we call the academy. Simulators and 
content would be connected, connected to 
each other for sharing data and enabling 
decisions to be tested, but also connected 
to enable schools to share content and 
ship models so that the community can 

learn. All of this training capability can also 
be shared with the ship. Scenarios can be 
run on the simulators using ship traffic 
control, ships and operations centres. We 
do not intend to force a standard but to 
enable the community to decide its level of 
involvement and connectivity.

HOW IMPORTANT IS TRAINING TO 
TRANSAS?
In order to have a successful transition to 
the new reality, we should consider how to 
train a new team. A Fleet Resource Team 
empowers the master but also provides 
training on working together as a team. The 
law should not control the management 
of the ship, but fit with everyday practice 
in operations. Day to day fleet resource 
training should replace some of the bridge 
resource training. The Fleet Management 
ecosystem will reduce the administrative 
load on the ship. 

This is the start, bringing practical skills 
and applications, but now it needs to 
embrace ship/shore, it is also no good to 
have these skills if you do not feel the office 
will support you challenging the master/
pilot or them; without an attitude change 
nothing will change.

The Fleet Resource Team is the 
connection between the operator on-
board a ship and the one ashore in a 
connected environment. It is a relationship 
in which they respect one another, share 
decision tools and work a team approach to 
discuss critical issues and make operational 
decisions. 

Bridge Resource Training is one key 
element of the navigation of a ship, 
without reference to the office.  Yet the 

FRANK COLES
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office plays a part in influencing the 
operational decisions. There is going to be 
more and more connection and discussion 
on this point, so we should explore the 
way in which it would work. Technology 
removes menial admin into the office and 
navigation and engine operations become 
a team approach across the fleet. Hence, 
fleet resource teamwork.

I see a day when schools work together 
and with our community. Our data fine 
tunes our models and live data validates 
and upgrades the scenarios and models. 
Whether two simulator companies would 
cooperate is another story, but I see ship 
traffic working with ship operations and 
simulation to develop more realistic 
models, better training, and to analyse 
and support a true to life 3D picture of the 
operations decisions taking all aspects into 
consideration.

HOW DO YOU SEE TRANSAS WORKING 
ALONGSIDE PORTS AND TERMINALS? 
If you take similar type of co-operation to 
the vessel traffic side you can have one 
VTMS cooperating with another and with 
the wider population that may include the 

military, port and terminal management, 
and other parties sharing data and 
connecting coastal surveillance to form a 
continuous chain. That is a demand we are 
seeing in some areas and one of the other 
demands we are seeing is that Transas is 
being asked to supply operators for VTMS 
and to run the vessel traffic and coastal 
monitoring. The requests so far only go 
to cover monitoring and not to managing 
traffic. Right now no one is actually telling 
the ship where to go but it is the next step 
and its coming, it is inevitable. 

The other difference is, and this is where 
it really takes off, that by having all these 
different ship models and all these schools 
feeding in their scenarios our simulators 
and algorithms are getting smarter; 
feeding and learning all the time. We 
combine it with live data we get from the 
ships and these things start to learn, what 
is the optimal alteration based on the kind 
of ship, in the weather, in the traffic. 

You then take those algorithms and 
when the traffic systems do begin to 
manage rather than monitor, the feedback 
from the computer is smart enough to 
allow them to do so safely. If there is a 

downside to this ability, it could be that 
governments and regional bodies begin to 
micromanage ports and facilities for the 
wrong reasons. I believe it would be unwise 
for the interference to begin affecting the 
economics of shipping. 

HOW ARE YOU UTILISING DATA AS A 
COMPANY? 
Transas does not offer equipment. The 
hardware is merely a box around the 
software solutions that Transas provides. 
Transas intends to enhance and increase 
the power of the tools to provide the 
analytics and decision tools using the data 
provided from the software solutions it 
produces. We have found that a lot of 
customers do not understand or appreciate 
the full capability of the solutions, and thus 
we want to be able to provide not only the 
software products but complete solutions 
including decision support tools. The Fleet 
Management ecosystem will reduce the 
administrative load on the ship. Almost all 
port entry forms, any daily reporting could 
be automatically prepared, without human 
entry. Only notes need to be added.  A 
paperless ship is not impossible.
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Shipping, it goes without saying, is a critical 
industry within the rapidly evolving global 
economy and one that will be impacted 
hugely by the evolution of technology. 
Whilst the shipping industry is a notoriously 
conservative one, it is not immune to the 
advances of technology and we cannot avoid 
embracing it. If current industry players 
don’t, others will, and we could risk losing 
our relevance and be replaced. 

At the same time, shipping itself is already 
evolving in other ways. Broader alliances 
between shipping lines has created a 
‘Power Four’ of 2M, Ocean Three, G6 and 
CKYHE; giving individual companies within 
each alliance the benefits of larger, more 
cost-effective networks (allowing them 
to pool and use their largest and most 
efficient vessels). Vessel sizes themselves 
continue to increase, with fewer ports able 
to accommodate them, and increasing 
concerns about how they will. 

Of course, these factors are creating new 
demands on ports, which increasingly need 

to compete to attract ‘super’ shipping lines. 
Super ships need super ports, with enhanced 
physical infrastructure and technology to 
support them. In turn, the new breed of 
super ports will require new technologies 
and skillsets to establish a foothold in the 
new world of shipping and thrive.

That’s where automation makes its 
entrance, as ports and terminals look 
towards automated technologies to cope 
and compete in this increasingly complex 
landscape. 

Promising all the benefits of safety, 
reliability, efficiency and reduced human 
error, automation aims to speed-up loading 
and unloading and allow ports to quickly 
process the increased throughput that 
super shipping lines, and their super ships, 
will bring with them. It is clear there is 
huge opportunity in raising port efficiency, 
with 45% of all container vessels currently 
delayed by over eight hours upon arrival. 

Whilst we’re at the beginning of the 
transformation curve, with stakeholders 

across the industry beginning to take the 
concept and benefits of automation more 
seriously, ports, terminals, shipping lines and 
their suppliers need to start to take practical 
steps now to enable the ‘Port of the Future’. 

NAVIGATING A DATA LAKE
Accommodating automation, and ensuring 
it is effective, will require a fundamental 
shift in the way many ports and terminals 
approach operations. At the heart of 
automation is data; its capture, analysis and, 
most importantly, its transformation into 
actionable insights. If ports are to evolve 
to compete, they will need to put data at 
the heart of operations, using it to inform 
real time and strategic decision making, as 
well as offering the opportunity to remove 
‘best guesses’ thanks to robust data sets and 
machine learning.

Given the hugely conservative nature 
of the industry, and the fact we’ve really 
evolved relatively minimally in the past 50 
years, this will require a significant shift in 

THE REALITY OF 
AUTOMATION
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mindset. In fact, long-established facilities, 
shipping lines and suppliers will need to 
adopt a ‘start-up’ mentality to ensure 
they don’t get left behind. Doing the same 
old thing will inevitably mean becoming 
irrelevant and potentially being replaced. 
The new business currency is data: it’s time 
to collect it, and learn how to use it. If you’re 
in the shipping business, you’re now in the 
technology business. 

A key facet of this is access. To drive up 
efficiencies throughout the whole supply 
chain, there are multiple stakeholders that 
need to be kept informed in real time. 
Data access needs to be democratised: to 
be available consistently and securely. We 
require a shipping data lake, a repository 
with the ability to handle millions of tasks 
and access requests at once. Within that, 
stakeholders will need their own data lakes, 
as well as collection and management 
capabilities. This clearly requires new 
infrastructure and skills that many currently 
operating in the industry simply don’t have. 

With that said, I spoke to futurologist Gerd 
Leonhard recently, who raised the point that, 
in the future, access to data will be more 
important than the ownership of it. Ports, 
terminals, shipping lines and suppliers, will 
all share and exchange their data within a 
common platform, one that’s accessible by 
everyone. In turn, those that upload their 
data will benefit from having access to 
everyone else’s. This strongly collaborative 
structure is one that may seem like a huge 
step to take. Again, the industry will need 
skills and infrastructure that we simply 
don’t currently have. There will have to be 
a fundamental shift in the market mindset, 
we will have to adopt a ‘fast fail’, start-up 
mentality and commit to a sharing economy. 

In short, the future isn’t about doing 
one thing well, it’s about connecting to 
everybody around you that is doing adjacent 
things well. This will mean forging mutually 
beneficial relationships with clients and the 
potential for new forms of joint ventures 
with competitors and start-ups. In this 
context, it will be interesting to see how 
industry bodies evolve, since there will be 
democratised access to open source data, 
and hyper-collaborative ports and terminals 
that are looking to each other for guidance 
and best practice. 

SUPPLIER SUPPORT
Suppliers will also need to find ways to 
evolve their offerings and business models to 
support the Port of the Future. They will need 
to move far beyond simply manufacturing 
and supplying products. They will need to be 
able to offer services in four ways:
• Objects: We will still require physical 

infrastructure and suppliers to supply it. 
However, equipment needs to become 
smart, the pieces that make up a port 

will increasingly have to communicate 
with each other. This will require a 
dedicated communications network, the 
foundation on which data management, 
information sharing and collaboration 
will be built

• Data: Ports and terminals will need to be 
able to collect, standardise and manage 
data. They will need to be able to make it 
useful, in turn, this management of large 
volumes of data will require more robust 
IT infrastructure

• Data as a service: As well as being able 
to collect and manage data, stakeholders 
will need to be able to offer it back to 
customers in a useful, insightful way. 
This will require treatment and analytics 
expertise, and data management support, 
which will require software development 
and port operations expertise

• Integrated solutions: The ‘objects’ 
that suppliers supply will no longer be 
enough, they will increasingly become 
commoditised, so suppliers need to add 
value in other ways, in assisting with 
integrated planning, holistic optimisation, 
collaboration and advanced integration 
amongst ports. This in itself will require 
software and ocean supply chain 
expertise

IMMEDIATE EVOLUTION
Shipping is ripe for disruption, and we need 
to evolve immediately. We’re already seeing 
huge change in certain places – take the 
obvious example of the Port of Rotterdam 
and its fully automated container terminal. 
Other facilities need to act now to keep up. 
As suppliers, we’re only too aware of the 
need to support them. 

For our part, we’re starting to look at how 
we can evolve our business model and our 
offering so that we’re best placed to support 
the Port of the Future. We’ve begun by 
building on our current core competencies, 
which span from vessel approach, through 
docking, mooring, transfer and departure. 

We’re focusing heavily on systems 
integration and data: two key components 
that we believe will help us support even the 
most progressive port owners and operators 

in the future. We’re looking at how we can 
evolve our current offering to elicit data 
driven insights that will prove valuable to our 
customers in future and we look forward to 
sharing more of our strategy as it evolves. 
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Global engineering group Cavotec recently 
completed a series of at sea demonstrati ons 
(ASDs) of the innovati ve US Navy Advanced 
Mooring System (AMS) for novel ship-to-ship 
mooring applicati ons. Following successful 
Factory Acceptance Testi ng (FAT) at 
Cavotec USA in North Carolina, and System 
Integrati on Testi ng (SIT) at project partner 
Oceaneering’s facility in Maryland, the ASDs 
were conducted at US Naval Base Coronado 
in California.

The system is now clear for the next phase 
of its development. We take a look at this 
exciti ng new evoluti on of a technology that 
promises a fundamental improvement in 
off shore mooring operati ons; one that has 
considerable potenti al for use in commercial 
applicati ons.

A LONG-TERM PARTNERSHIP
Cavotec began working with the US Navy 
on concepts and potenti al specifi cati ons for 
a ship-to-ship mooring technology in 2006 
through principle contractor, Oceaneering 
Internati onal Inc. (OII), a leading subsea 
engineering and applied technology group.

“While Cavotec has a proven track record 
in commercial MoorMaster applicati ons, 
which tend to have relati vely shorter lead 
ti mes, Cavotec has adapted well to the 
longer, more involved processes needed 
to develop AMS,” Group Product Manager, 
MoorMaster™, Mike Howie says.

The Cavotec team – combining R&D 
experti se from its Centre of Excellence in 
New Zealand with its US manufacturing 
capabiliti es – has conti nually developed 
AMS: from concept, engineering and 
manufacturing, through to factory and 
integrati on testi ng, and most recently ASD.

Following two phases of concept 
development and extensive bench testi ng, 
Cavotec was awarded a contract to produce 
the designs for a prototype system. The 
resulti ng prototype was fi ne-tuned to 
produce a revised and improved design 
model during the engineering phase. 
Cavotec was subsequently awarded the 
contract to manufacture an initi al batch of 
six units.

All six units completed FAT during 
December 2015 and January 2016 at Cavotec 
USA in Mooresville, North Carolina. SIT, 
incorporati ng all six units, was successfully 
conducted in January at OII’s facility in 
Hanover, Maryland.

SIT was an important stage in the 
development of AMS, because it was the 
fi rst ti me that all six AMS units had been 
tested simultaneously. “Testi ng the enti re 
system helped us ensure performance 
opti mizati on,” explains Cavotec USA Project 
Manager, Scott  Dunbar. “We were also able 
to conduct dynamic testi ng of the scanning 
and tracking system. Using a crane and a 
mock hull, simulati ng a target vessel, we 
were able to actuate the “hull shape” up and 
down to test the AMS obstacle avoidance 
system.”

These tests replicated hull moti on 
of a typical US Navy aluminum hulled 
Expediti onary Fast Transport (EPF) 
catamaran, to detect rub rails at diff erent 
velociti es.

A MILESTONE FOR MOORMASTER™
In preparati on for ASD, the AMS modules 
were shipped to Naval Base Coronado in San 
Diego, California, where they were installed 
on a Roll on Roll off  Discharge Facility (RRDF). 
For the ASD, the target vessel was a barge 
specially adapted to incorporate the specifi c 
hull characteristi cs of the EPF.

ASD began with pier side testi ng, before 
the two vessels were moved into protected 
waters within the confi nes of the harbour, 
where a total of between 40 and 50 mooring 
operati ons were conducted over the course 
of several days. On March 14, the team 
performed a series of ASD for a number of 
guests, including representati ves of the US 
Navy, US Marine Corps, and the Offi  ce of 
Naval Research.

“Given the interest from the Navy in 
this At Sea Demonstrati on, we are looking 
forward to future large ship-to-ship at 
sea demonstrati ons,” adds Dunbar. In 
anti cipati on of future AMS Sea Trials 
involving large US Navy vessels, Cavotec 

SHIP-TO- SHIP AUTOMATED 
MOORING: A CAVOTEC FIRST 

A MoorMaster unit used at a ferry application in Norway.
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plans a number of soft ware and hardware 
upgrades to develop the overall robustness 
and capabiliti es of AMS.

EXPANDING THE SCOPE
The AMS employs MoorMaster automated 
vacuum mooring technology, developed by 
Cavotec to control vessel movement and 
eliminate the need for conventi onal mooring 
lines. MoorMaster units typically deploy and 
detach in less than 30 seconds.

Unti l now, MoorMaster units have been 
mounted on the quay face, mounted onto 
the berth surface, or in the case of the St. 
Lawrence Seaway, built into lock walls – all 
of which are shore-based applicati ons. AMS 
is the very fi rst version of the technology 
specifi cally designed for use at sea and for 
ship-to-ship mooring operati ons.

Shore-based MoorMaster units have 
performed more than 175,000 mooring 
operati ons to date at ferry, bulk handling, 
Ro-Ro, container and lock applicati ons 
worldwide, dramati cally improving safety, 
operati onal effi  ciency, and in many cases 
enabling ports to make infrastructure 
savings.

With AMS, MoorMaster units, 
(MoorMaster MM200E60), are integrated 
into bespoke structurally reinforced 20 foot 
ISO shipping containers, for installati on on 
RRDF or other US Navy vessels to enable 
“sea-basing” operati ons for transfer of 
personnel and materiel while at sea.

Sea-basing provides the capacity to 
conduct ‘Over-The-Horizon’ naval tasks and 
logisti cal functi ons at sea. AMS promises 
to expand the operati onal window of sea-
basing by allowing off shore mooring in 
conditi ons of up to and including Sea State 
3 (wave heights up to 1.25 metres, day or 
night in all weather conditi ons).

AMS units also incorporate a three-stage 
telescopic boom, fi tt ed with four bespoke 
vacuum pads, each with a capacity of 
50kN on an arti culated end eff ector. The 
four pads are used to enable att achment 
to a non-planar hull surface – in contrast 
to conventi onal MoorMaster systems that 
uti lise single or dual vacuum pads each 
with a capacity of 200kN, and that typically 
can only att ach to fl at sided hull forms. For 
ADS, the ‘target’ vessel was an EPF, although 
AMS could be employed for other vessel 
combinati ons, albeit in alternati ve AMS 
confi gurati ons.

AMS employs a similar telescopic 
design used in the Norled passenger and 
vehicle batt ery- operated (ROPAX) ferry 
applicati on in Norway – the world’s fi rst 

combined automated mooring and shore 
power charging system – which has been in 
operati on since early 2015.

Furthermore, Cavotec has developed an 
advanced scanning and tracking system, 
incorporati ng a light detecti on and ranging 
(LIDAR) sensor. The system detects and 
accurately identi fi es protrusions on the 
vessel hull, evaluati ng their positi on using 
algorithms programmed into the AMS 
soft ware. This ensures that the vacuum 
pads are correctly positi oned on the hull in-
between the rubbing stakes present on the 
EPF.

Cavotec developed AMS for use in 
the excepti onally demanding, dynamic 
environments germane to this applicati on, 
and the Cavotec Group owns all the 
intellectual property and patents related to 
MoorMaster for this project.

To mount the system to its host vessel, 
the shipping containers are simply att ached 
to the RRDF using conventi onal twist locks, 
as they would be on a container ship. This 
makes the units readily transportable by 
road, rail or sea – a specifi c requirement of 
the US Navy.

In this applicati on, the complete system 
comprises six AMS units – three towards the 
stern of the vessel, and three towards the 
bow. Additi onally, there were two auxiliary 
modules, one supplying hydraulic power, the 
other a command and control module.

CONSIDERABLE COMMERCIAL POTENTIAL
Since Sea Trials concluded, any US 
corporati on or port that is interested in 

operati ng the AMS on a trial basis may 
contact Cavotec for further informati on. 
Although a commercial system would likely 
be subtly diff erent, the key technologies that 
have been developed to enable ship-to-ship 
mooring would remain.

Although AMS has been developed 
specifi cally for military sea-basing 
applicati ons, it opens up an enti rely 
new sphere of opportuniti es employing 
MoorMaster technology. Work in parallel 
with the AMS project has incorporated 
studies for explosive atmosphere rati ng 
(Ex) applicati ons, thereby ensuring that 
MoorMaster can, if required, meet ex-
requirements. MoorMaster also off ers 
substanti al safety and operati onal benefi ts 
for the oil and gas and bulk handling markets.
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“Handysize and Supramax vessels have many emerging 
markets to cater to, and this will help them in the long 
term. For example, Myanmar is emerging as a good 
market for Handysize vessels as the country has been 
exporting rice and importing cement. Similarly, some 
African countries, such as Mauritania and Gabon, are 
increasingly importing cement and aggregates, among 
others, which would cater to the smaller vessel segment.”

Rahul Sharan looks into the state of the bulk market, page 150

DRY BULK AND SPECIALIST 
CARGO HANDLING



Associated Briti sh Ports Ltd (ABP) is the UK's 
largest port group, operati ng 22 ports that 
form a UK-wide network capable of handling 
almost every conceivable type of cargo. ABP 
is backed by investment in cutti  ng-edge 
faciliti es and equipment. It is also the owner/
operator of one of the UK's premier inland 
rail freight terminals: Hams Hall.

Located near Birmingham, the UK’s 
busiest inland container terminal is adjacent 
to the Nuneaton-to-Birmingham railway 
line and handles deep-sea and short-sea 
traffi  c to and from ports like Southampton, 
Tilbury and Felixstowe - as well as traffi  c via 
the Channel Tunnel and domesti c traffi  c 
from Scotland. Ongoing expansion and 
investment since 2002 has seen operati onal 
capacity at Hams Hall treble; ABP Hams 
Hall currently handles around 100,000 
containers per annum, yet sti ll has capacity 
to accommodate further growth.

Hams Hall spans 11 hectares (110,000m2), 
is Channel Tunnel SACTIFF security-
approved, has 6,000 TEU of secure storage, 
four railway sidings and two recepti on 
lines. With stackers, an RTG and a shunti ng 
locomoti ve, Hams Hall is well placed to serve 
its customers that include shipping lines, 
3PLs, FOCs and truck companies.

DELIVERING CONTROL AND VISIBILITY
The key business driver for Hams Hall is 
effi  cient use of resources, space opti misati on, 
minimising non-producti ve acti vity and 
maintaining truck/train turnaround ti mes, 
in order to ensure customer service levels 
are maintained and costs are correctly 
matched to acti vity levels. At the heart of this 
effi  ciency drive sits Autostore, developed by 
leading intermodal supply chain integrators 
CSA Ltd, a part of Terex Corporati on. Proven 
worldwide, Autostore is the market-leading 
soft ware soluti on of choice for the UK's inland 
container terminals. For the Hams Hall Team, 
the central advantage of Autostore is the real-
ti me visibility and fi ngerti p control it delivers.

A full digital audit trail for every container 
movement on the site has enabled Hams 
Hall to create daily and seasonal traffi  c 
profi les. This enables the team to make 
the perfect match between resourcing on 
shift s and spikes in demand. For example, 
7pm to 4am is the quietest period. With 
Autostore, the operati ons team can now 
switch resources accurately out of the quiet 
ti mes and reallocate them to peak handling 
periods. The result? Controlled cost and 
opti mised resources to maintain service 
levels - regardless of the ti me of day.

PROACTIVE TERMINAL MANAGEMENT 
The proacti ve impact of Autostore on Hams 
Hall's people cannot be underesti mated. The 
data allows us to prepare meaningful KPIs 
and identi fy improvement opportuniti es 
that are communicated to all the team so 
everyone knows what they have to do to 
achieve a goal. Running Autostore, average 
att ended man-hours for yard labour have 
decreased by 42% and average producti ve 
lift s per man-hour have increased by 89%. 
Average truck turn ti mes are under 30 
minutes with gate-to-gate ti mes as low as 
12 minutes. Autostore's EDI messaging also 
gives Hams Hall's customers more fl exibility, 
as they can now bett er plan their own 
container traffi  c fl ows. Conversely, Hams Hall 
can also maximise the revenue opportuniti es 
on-site using Autostore's Acti vity Charging 
Module (ACM). With repeti ti ve data entry 
errors eliminated, the Hams Hall team 
can identi fy producti ve and unproducti ve 
lift s to ensure that all producti ve ones are 
chargeable. Invoices can be automati cally 
generated and pre-approved, reducing the 
billing cycle and enhancing the cash fl ow 
positi on of the business.

Hams Hall is also looking to implement EDI 
with its customers so that they can plan their 
throughput in advance, pre-announcing 
containers before they arrive. This gives 
Hams Hall's customers greater control over 

their own scheduling decisions, cuts the 
opportuniti es for error and helps smooth 
the fl ow of containers.

DGPS FROM CSA AT ABP IMMINGHAM
ABP's container operati on at the Port of 
Immingham handles around 200,000 TEU 
annually. Such an extensive operati on 
requires an advanced technology backbone - 
Autostore - now with the added control and 
precision of DGPS Container Positi oning. The 
terminal employs around 120 people and 
a range of mechanical handling equipment 
that includes several reach stacker trucks 
plus free-roaming rubber-tyred gantry cranes 
(RTG), internal movement vehicles (IMVs) and 
two Liebherr ship-to-shore quay cranes. With 
around 200,000 TEU being handled annually 
in a round-the-clock operati on, the Autostore 
terminal operati ng system (TOS) already helps 
to maximise the terminal's available capacity, 
raising container throughput, improving 
accuracy, cutti  ng paperwork and delivering 
real-ti me management informati on in a 
variety of report formats.

Container throughput and turnaround 
ti mes are criti cal success factors for the 
port and it is in this area where Autostore 
makes a major contributi on to Immingham's 
competi ti veness and effi  ciency. With a 
main stack that is seven containers wide 
by fi ve high and forty long, the volume of 
containers is huge and its management 
demands absolute accuracy and safety. 
That's why Immingham has opted for the 
Autostore Container Positi oning System 
(CPS), a positi on determinati on soluti on 
using a diff erenti al global positi oning system 
(DGPS). This innovati ve GPS technology 
records which containers are where aft er 
each move and the exact positi ons of the 
RTGs at any given moment.

AN ELEGANT TECHNOLOGY SOLUTION
While a basic GPS device can determine 
positi ons to an accuracy of 10-20 metres, 

ABP: TOS SOFTWARE 
OPERATIONS AT HAMS HALL 
& IMMINGHAM
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such a margin is nowhere near accurate 
enough for container move management. 
Based on the known, fi xed positi on of the 
DGPS base stati on, Autostore calculates the 
positi on correcti on for each of Immingham's 
RTGs. The central controller on board 
each RTG interfaces to Autostore over the 
wireless network and each RTG carries a 
DGPS hardware module that links to the 
stati c DGPS receiver at the gatehouse.

The programmable logic controller 
(PLC) on board each RTG connects to 
Autostore via the crane interface, enabling 
Autostore to monitor twistlock and spreader 
commands for each crane. Positi oning data 
is informati on is transmitt ed to and from 

the RTGs, accurate to within less than 50 
centi metres at any ti me. Supplementary 
positi on sensors then correct this tolerance 
to less than 10cm for maximum precision 
with container movements. Autostore 
converts the positi on data - in OS co-
ordinates - into centi metre increments that 
enable it to determine which row and level 
in the container stack the RTG should be 
working.

The result? Autostore always knows the 
exact locati on of every container to almost 
the nearest centi metre, enabling ABP to 
manage all container movements and 
storage to and from the stack in a highly 
effi  cient way.
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Drewry retains its cautious view over the long 
term, with a lot dependent on how China’s 
steel production grows. Drewry forecasts 
organic growth in infrastructure activities in 
China in the long term, which will give the 
much-needed boost to the bigger vessels 
during that period. However, a shift away 
from coal in many economies and a shift away 
from imported coal in India are downside 
risks for the bigger vessels in the long term.

Handysize and Supramax vessels have 
many emerging markets to cater to, and this 
will help them in the long term. For example, 
Myanmar is emerging as a good market 
for Handysize vessels as the country has 
been exporting rice and importing cement. 
Similarly, some African countries, such as 
Mauritania and Gabon, are increasingly 
importing cement and aggregates, among 
others, which would cater to the smaller 
vessel segment. With varied types of cargo 
originating from ports with draft restrictions, 
we expect earnings for the smaller vessels to 
be less volatile.

FUNDAMENTALS REMAIN WEAK 
The benchmark Baltic Dry Index even though 
has again fallen down, still it has recovered 
sharply in the past month, albeit from a 

highly depressed level and a very low base, 
driven by the contraction in supply and short-
term improvements in demand. Supply has 
contracted (quarter-on-quarter) for the first 
time in 10 years. Meanwhile, demand for the 
vessels has been supported by the seasonal 
restocking of iron ore and coal. Even as 
near-term fundamentals point towards a 
strengthening market, I remain sceptical 
about this recovery and believe that the 
medium-to-long term fundamentals for dry 
bulk shipping will remain challenging. Fresh 
anti-dumping duties have been imposed by 
the US and Europe on Chinese steel – the US 
has been imposing anti-dumping duties that 
are as high as 266% on some steel products 
coming out of China. Iron ore imports to 
China, which contracted by 1.3% in 2015, are 
expected to shrink further this year, making 
any sustained upward movement in the 
main driver of the Baltic Index highly unlikely.

Demand remains a cause for concern
While China continues to shift towards 

renewable sources of energy, decreasing 
its dependency on coal imports, India has 
been planning to reduce its coal imports 
substantially to lower its expenditure on 
these imports; the coal minister of India plans 
to stop thermal coal imports completely 

over the next two to three years. This seems 
to be a very ambitious plan because of the 
following two factors: 

One, Coal India (the apex body controlling 
most of the coal produced in the country) 
might not have the capacity to produce the 
additional 200 million tonnes of coal that is 
currently imported; and two, most of the 
power plants in the coastal regions rely on 
imported coal. However, massive growth in 
India’s coal imports as seen in the past 10 
years has become a thing of the past.

VALEMAXE EFFECT
The Capesize market outlook worsens 
further as three Chinese companies, 
Cosco Group, China Merchants Group and 
ICBC Financial Leasing have ordered 30 
Valemaxes of 400,000 dwt each. Through 
these newbuilding orders, an additional 12 
million dwt of capacity will be deployed on 
the Brazil-China route between 2018 and 
2020. It will increase the overcapacity in 
the larger vessel segment by 3.5 percentage 
points potentially making at least 70-80 
Capesize vessels redundant. Repercussions 
of these orders on the Capesize market 
will have far reaching impact which could 
result in unprecedented lows in charter 
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rates or mass scale demolitions of not so 
‘old’ vessels, quantifying which has become 
beyond the realms of any statistical or 
econometric modelling. Drewry expects that 
more shipowners with Capesize dominated 
fleet will get into financial re-structuring 
as any chances of revival in the Capesize 
earnings has grown fainter.

NO CHEERS FOR SUPRAMAXES 
Contrary to our expectations, India’s steel 
production has declined by 1.2% (y-o-y) in 
January, 2016. If this trend continues, it will 
have a telling impact on India's coking coal 
imports. At least 125 Supramax vessels were 
engaged in coking coal imports to India in 
2015. Decline in steel production of India 

will get more noticeable because unlike 
the thermal coal which is imported from 
Indonesia, coking coal is imported from 
Australia, which aids tonnage demand. We 
had projected a 7% growth in India’s steel 
production this year, which could have 
generated demand for nine more Supramax 
vessels this year. Even if we consider 
that January production numbers as an 
aberration and assume a scenario where 
India’s steel production remains unchanged 
in 2016, it will only rob the market of any 
cheers that they may have been expecting.

THE SILVER LINING 
Demolitions outnumbered Drewry’s forecast 
for Q1, 16. Drewry expected demolitions 

to be around seven million dwt in the first 
quarter this year; however, the large-scale 
drop in earnings forced many owners to 
demolish younger vessels – 15-years old 
Capesize and 16-years old Panamax vessels. 
More than 12 million dwt of dry bulk vessels 
were scrapped during the quarter, resulting 
in a contraction of 0.3% in the dry bulk fleet. 
We forecast no growth in the fleet in the 
second quarter as well. This will improve the 
oversupply situation in 2016 providing some 
support to the rates in 2016.

BAN ON CHINESE COAL IMPORTS 
As China banned coal imports from North 
Korea (which was a trade overland)  after 
the United Nations Security Council passed a 
resolution to toughen sanctions, the exports 
share of other major players like Indonesia 
and Australia (which are seaborne trade) is 
expected to increase providing some relief 
to the dry bulk market. China imported 19.6 
million tonnes of coal from North Korea 
in 2015. This is a rise of 27% from 15.4 
million tonnes in the previous year, despite 
a 30% drop in China's overall coal imports. 
However, when China will replace Korean 
coal with Indonesian or Australian coal; this 
will increase China’s seaborne coal imports 
by 20% over the given forecast (as discussed 
in the Dry Bulk Forecaster 1Q16) generating 
a big demand for Panamax and Capesize 
vessels on the above mentioned routes, in 
turn helping freight rates for bigger vessels; 
an impact could be seen next month. 

INCREASED PETCOKE DEMAND IN INDIA 
One of the largest petcoke producers in 
India, Reliance Energy whose annual petcoke 
production is 6.5 million tonnes, has started 
the procedure of gasification of all of its 
petcoke to produce synthetic gas. This will 
create a void of an equal volume of petcoke 
to be imported in India from this year. Given 
that sources of petcoke in the world are not 
many and petcoke from countries such as 
Saudi Arabia is quickly sold out as soon as it 
is available in the market, the US remains the 
major supplier of petcoke (US has enough 
capacity to feed this demand) and will meet 
almost the entire additional requirement 
through 20 additional Supramax vessels. 
India is the largest petroleum coke (petcoke) 
importer in the world with 70% of its total 
petcoke coming from the US - impacting 
the total tonne mile because of the long 
haulage. In 2015, India imported 4.4 million 
tonnes of petcoke from the US which would 
have required 19 Supramax vessels. 

CUT IN PHILIPPINE NICKEL ORE 
PRODUCTION
A diminishing margin on nickel ore 
production in the Philippines because of low 
commodity prices is forcing miners to cut 
down the production in 2016 by as high as 
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20% compared to last year. The Philippines 
had become the largest nickel ore supplier 
to China in 2014 when it gained Indonesia’s 
market share after Indonesia decided to 
ban exports of unprocessed ore in 2014. 
Now, after the Philippines decision, China 
will have to source the major portion of 
Nickel ore from Australia increasing the 
overall haulage length. A Handysize vessel 
takes 14 days to cover the round voyage 
between Bataan port (the Philippines) and 
Qingdao (China) whereas it will take 30 days 
to cover the round voyage between Port 
Hedland (Australia) and Qingdao requiring 
15 additional Handysize vessels this year 

providing some relief for Handies in the 
Pacific. China imported 40 million tonnes of 
Nickel ore in 2015.

INDONESIA’S REVISED TAX REGIME 
Meanwhile, Indonesia has revised its Building 
and Land Tax regime to include coal reserves 
and resources and backdate the tax to 2010. 
This will have a severe impact on the already 
ailing coal industry in the country, and the 
big miners will find it very difficult to pay the 
aggregated taxes. Given that India imports 
70% of its total thermal coal from Indonesia, 
a shift in the source of coal might impact 
coal tonne miles. On the other hand, South 

Africa has emerged as an alternative source 
and could replace some of Indonesia’s 
displaced coal. In terms of pure distance, 
when coal is imported at the west coast of 
India, there is hardly any difference between 
importing from Indonesia or South Africa. 
However, when coal is imported at the east 
coast of India, there is significant difference 
in distance between South African cargo and 
Indonesian cargo. 

With the additional volume of thermal 
coal imports forecast for India in 2017, there 
would be 20 additional Supramax vessels 
required to carry coal to India. However, if 
30% of coal from Indonesia shifts to South 
Africa by 2017, India will require at least 52 
additional Supramax vessels to feed its coal-
fired power plants generating employment 
for 32 additional vessels in a year.
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This is not our Servicebox…

.. It is a picture of our Servicebox.

ELME Spreader Servicebox performing at the TOC 14 - 16 june 2016

Visit us at TOC, stand C70. 

Check out the Servicebox in real life.

Lets talk about spreaders – and why our in house production is 

the reason why we bring value to our customers.

In short, we have been doing it for more than forty years. And 

will do so for another 40 years. 

At least! 
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