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Haifa Port's Carmel Terminal – The only terminal in 
Israel equipped to handle mega-ships
Starting this month, Haifa Port is receiving 13,000-14,000 TEU ships on a weekly basis. 
This dramatic leap forward was made possible by the port's unprecedented development project, including:
 New state-of-the-art cranes
 The largest, most powerful tugs in Israel
 Significantly increased water depth
 Innovative advances based on the Navis TOS

Due to this successful project, together with the port's excellent, efficient service – 
Haifa Port is now the home port for mega-ships in Israel. Read more at www.haifaport.co.il

Mega-Size Ships
Only at Haifa Port
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  International Association of Marine Aids to Navigation and 
Lighthouse Authorities (IALA-AISM) gathers together marine aids 
to navigation authorities, manufacturers and consultants from all 
parts of the world and offers them the opportunity to compare 
their experiences and achievements. 
www.iala-aism.org

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

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

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

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

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

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

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

International Association
of Ports and Harbors

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

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

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

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

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

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

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

SUPPORTER COMPANIES

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

APM Terminals operates a Global Terminal Network which includes 20,300 
employees in 67 countries with interests in 71 port and terminal facilities.
DP World has a portfolio of more than 65 marine terminals across six continents, 
including new developments underway in India, Africa, Europe and the Middle East.
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What an interesting precipice we teeter on 
at present. When I began my time at PTI, 
many of the realities we’re experiencing 
now were the notions that filled casual 
chatter toward the latter part of networking 
drinks at conferences. From a seemingly 
conservative industry, one has to question 
whether that old aphorism is changing 
with the inundation of, actual or planned, 
automated practice and, increasingly, 
artificial intelligence (AI) in ports. 

Since our recent Container Terminal 
Automation Conference, I’ve kept an eye 
on the papers coming in for this issue. 
While many bring a flavour of what we 
discussed during the event, I’m glad to see 
many take that little step further into the 
exploration of AI. 

It’s been interesting to see Bill Gates 
contradict his own Research Chief at 
Microsoft Eric Horvitz’s view that AI – even 
though it may well achieve consciousness 
– is not a threat in the slightest to humans. 
Mr Gates seems to think, despite pushing 
one quarter of Microsoft’s research budget 
on AI, that AI will start a blessing but end 
in some sort of dystopian fashion. 

It ’s certainly crazy talk to even be 
considering these issues, but that’s where 
things are headed, and our industry most 
certainly has its role to play in how the 
future unfolds. 

Our online news has seen major 
growth with the major change in the 
industry. Not a week goes by now when 
I don’t come into the office and a new 

innovation – from the genius to the mad 
– has been unveiled. Autonomous ships, 
autonomous trucks, man-free terminals, 
drone shipping, Hyperloop – the list goes 
on. The magnitude of the evolution in the 
port and terminal industry is so great that 
I have begun to wonder what it all means. 

Suffice to say, the implementation of 
such advanced technology in our global 
supply-chain is going to foster new 
opportunities and bring ramifications way 
beyond the remit of trade and logistics. 
It is very much in this vein that I see PTI’s 
output gravitating towards. If the industry 
is developing, we must too. 

On that note, it’s great to be featuring 
several papers that tackle AI in this edition. 
I’m very happy with this issue on the 
whole because of its inveterate diversity 
and penetrating insight, but some papers 
that I found of particular depth include 
Rich Ceci and Dr Oscar Pernia’s brilliant 
paper on automated intelligence (two 
industry leaders it’s great to have writing 
together for us), Olaf Merk’s paper on the 
potential ‘Robot Tax’, and Mark Sisson’s 
paper on expanding terminal automation, 
which works as a sequel to his previously 
highly popular paper on automated 
container terminal planning. 

Finally, I’d like to pay a quick thank you 
to all of our speakers and delegates that 
attended our recent event, it was a big 
step-up from last year’s event and we are 
passionate about continuing that upward 
trajectory as a team. 

James AA Khan, Managing Director

PREFERRED
PARTNERS
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Ask your questions and walk 
away with the knowledge, 
road map and sustainable 
transformation to a competitive 
future

All delegates are able to 
submit two questions at the 
time of registration. The most 
pertinent of these questions 
will be selected to be put to 
our dynamic speakers during 
the expert panel sessions
 

Finally you will network with 
industry ‘gurus’ who have 
been successful in all port 
and terminal environments. 
Find the best solutions and 
get introduced to our expert 
guest speakers and solution 
providers

INTERACTIVE AUDIENCE AND PANEL 
Q&A SESSIONS

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

March 14 – 15, 2018

Container Terminal 
Automation Conference 
AI Automation: 
The Future of Containerization



TO FIND OUT MORE, CONTACT PORT TECHNOLOGY
+44 (0) 20 7871 0123 OR EMAIL INFO@PORTTECHNOLOGY.ORG
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Robotic technology is changing the supply 
chain. We should prepare to witness a 
technological revolution with social and 
economic implications so far reaching they 
could match the Industrial Revolution in 
magnitude. 

However, despite the prospective 
hyperbole and fatalism of such a change, 
what AI really means for humanity is as yet 
fundamentally unclear. Whether it will be 
a resounding success of pioneering human 
endeavour bettering living conditions 
for the masses, or a sharp wedge that 
rips societal divisions deeper, or some 

way between both, can be somewhat 
deciphered by historical context and 
contemporary examples.     

Consider this. The Industrial Revolution 
of the 19th century was characterised by a 
monumental change in technological ability 
that led highly-skilled craftsmen to lose 
out to mass-producing machines and their 
attendant low-skilled operators. Output 
thereby increased, while social and economic 
inequality decreased with the influx of 
reasonably remunerated menial occupations. 

With the advent of the 20th century, 
technological development went digital, 

leading to a rise in productivity in high-
skilled workers as abstract thought became 
paramount and low-skilled workers faced 
the spectre of replacement by new forms 
of technology that, in essence, demanded 
change in the type of skills held rather than 
removing people out of the workforce 
altogether.

The reason why AI’s ultimate impact 
remains largely ambiguous at present 
is because it is not a one-dimensional 
technology. It is a hybrid of technologies 
that are realised as AI when applied to 
specific tasks. 

AI
IMPACT, RISK AND REWARD   
Richard Joy, Editor,  
Port Technology, London, United Kingdom
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CHINA PAVES SILK ROAD WITH GOLD
China is set to begin talks over buying 
a controlling stake in the US$7.3 billion 
Myanmar seaport of Kyauk Pyu on the Bay 
of Bengal. Documents show a consortium 
led by Chinese state-owned CITIC Group 
plans to buy a 70-85% interest in the port. 
Linking up with the port is part of China‘s 
“One Belt, One Road” policy that aims to 
finance infrastructure to build Chinese 
presence in the economies of Asia and 
worldwide. A second consortium led by 
CITIC has also discussed buying a 51% 
stake in a $2.3 billion industrial park in 
the under-construction Kyaukphyu Special 
Economic Zone.

MAERSK-MSC LINKS NEW DIGITAL 
SUPPLY CHAIN
GE Transportation and the Port of Los 
Angeles' partnership to develop a digital 
ocean supply chain solution has launched 
on a pilot basis at APM Terminals with 
Maersk Line and Mediterranean Shipping 
Company (MSC). The project promises 
to provide data to all the stakeholders 
across the ocean supply chain and 
develop a 'first-of-its-kind' digital solution 
to keep cargo flowing efficiently through 
America’s largest container port. Initial 
results from the pilot are expected in July 
2017. GE Transportation and the Port of 
Los Angeles announced the partnership 
last November.

HONG KONG CROWNED MEGA-SHIP KING
Hong Kong-based ocean carrier line 
OOCL has knocked Maersk from the 
largest containership top spot after 
christening the 21,413 TEU OOCL Hong 
Kong at the Samsung Heavy Industries 
(SHI) shipyard. Three new ships have 
broken the record so far in 2017 after 
the 20,568 TEU Madrid Maersk came on 
the shipping scene in April to trump the 
20,150 TEU MOL Triumph's title claim the 
month before. The last time that OOCL 
broke the record was back in April 2003 
with the OOCL Shenzhen, an 8,063 TEU 
vessel, also built at the SHI shipyard.

BLOCKCHAIN EQUALS  
BILLION DOLLAR SAVINGS 
Freight forwarder Marine Transport 
International has found that using 
blockchain for container transactions 

can slash documentation costs by over 
$US5 million per mega-ship. It estimates 
savings in labour and documentation 
processing costs from using the 
technology amount to $300 per 
container, or $5.4 million for an 18,000 
TEU containership. Blockchain can be 
used to create online databases that are 
more difficult than paper to alter as they 
form a verifiable custody record.

HAPAG-LLOYD AND UASC  
BECOME ONE
Hapag-Lloyd and United Arab Shipping 
Company have completed their merger 
to become one combined company. 
The German ocean carrier line has now 
secured its place as the fifth biggest 
worldwide. Both companies will now 
run independently while working to 
integrate internal systems and processes 
as quickly as possible. Hapag-Lloyd also 
plans to extend its global network into 
the Middle East. 

DUBAI PLANS MASSIVE  
MARITIME SPEND
Despite already being a world leader in 
the maritime sector, Dubai is reportedly 
planning a US$1 billion investment 
fund to be focused on developing its 
shipping sector. With the shipping 
sector remaining rocky at present, the 
plans stemming from Dubai Maritime 
City Authority can be seen as a future-
proof against potential turbulence, as 
the emirate strives to climb the rankings 
in the shipping industry. At present, 
the UAE is seventeenth on the list of 
shipping fleet valuations globally. That 
Dubai is seeking to grow its shipping 
capabilities means it clearly harbours 
plans to become a, if not the, maritime 
capital of the world.

NEWS IN BRIEF
Laurence Doe, Online Editor

Yet within the context of historical 
change in mind, there has been a solid 
causal link between growing wage levels 
and production, meaning an assumption 
could realistically be made on the increase 
of wages (and leisure time) for those 
workers who embrace, or will have the 
opportunity to embrace, the implicit 
changes that AI will deliver. 

A paper that was commissioned by 
the outgoing US President Barack Obama 
recently analysed the likely impact of AI 
on the US populace and economy and 
argued that three policy strategies should 
be implemented at government level 
to mitigate destructive effects. Those 
policies were: to invest in and develop AI, 
educate citizens for future jobs in AI, and 
aid workers in the transition from current 
operations to AI.  

In essence, the response of the major 
solution providers within the industry to AI 
hasn’t been too dissimilar to the reaction 
from the US government paper. Major 
names are producing wildly futuristic 
visions for the future ( just search for 
the Kalmar 2060 video, Kongsberg ’s 
announcement of the first autonomous 
ship by 2020, and major collaborations 
such as Maersk and Microsoft on the 
PTI website for context) and these will 
undoubtedly require the current workforce 
to modify its skillset. 

Quite how that skillset needs to change 
is another facet of the unpredictable 
future, yet one could say with certainty 
that digital fluency is paramount. A 
burgeoning aphorism within the maritime 
sector is that real change will come from 
outside of the industry, when a powerful 
multinational (i.e. Amazon) or billionaire 
(i.e. Elon Musk) redefines how we move 
cargo on a global scale. 

Further, however the eventual change 
does come it will impact much more than 
jobs. It will likely call for a redefinition of 
the human working week and what work 
itself is defined as. This is the epoch we 
are entering and what the changes in our 
industry are capable of producing. 

The moves we make now in accepting 
or dismissing AI are sure to impact how 
smoothly we take to the architecture of 
the future.  
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In partnership with:

Empowering terminals to navigate the 
complex waters of daily operation with 
automated decision-making powered by 
Agile Optimization.

Power Up Your TOS.

AUTOMATION AND 
OPTIMIZATION



INTRODUCTION
Why is realizing the full potential of 
automated terminals for operational 
performance taking so long? And, for 
those who succeed in automation, why is it 
so complex and difficult? In the ‘promised 
land’ of terminal automation, the missing 
piece is the confidence in regards to how 
robots, software and humans, performing 
as a whole, will achieve greater levels of 
operational performance.

Automated decision making is a 
fundamental piece of that ‘promised land’; 
automated or not, decisions at container 
terminals must be prescriptive, looking 
ahead to better deal with the inherent 
dynamics of planning. They must also 
be resilient, adapting to addressing the 
required flexibility at execution. So far, 
container terminals have found challenges 
in making automated decision making 
effective, empowering efficiency, safety, 
and sustainability. 

Taking into account the progress made 
by emerging technologies such as artificial 

intelligence (AI) and machine learning 
(ML), it is natural to think these will help 
optimization algorithms to read the 
operational situation and then help to 
apply quick and robust solutions over an 
operational reality full of dynamics and 
exceptions.

We already see AI and ML in our everyday 
lives, including the famous battle in 2016 
between AlphaGo, a robot developed by 
Google DeepMind, and Lee Sedol, the 
world champion of the ancient Chinese 
game Go. Go is very complex and requires 
a lot of connections, thinking and intuition 
to play. AlphaGo beat Lee Sedol in March, 
2016, ten years earlier than expected. 

AlphaGo’s victory required training 
and repetition by having AlphaGo play 
computer games over and over. The 
process produced amazing results because 
it is a general-purpose, problem-solving 
intelligence, creating a human way of 
thinking. 

This article outlines a vision and a 
mutual belief of the authors in what AI and 

ML could provide to automated decision 
making at container terminals.

OPTIMIZATION SOFTWARE AND DOMAIN 
CONTENTION
Automated terminals rely on automated 
decision making to function properly. 
Typical decisions are:
• Which stack to use for a box that is being 

discharged from the ship or gating in
• Where to move a box inside a stack (or 

one entering or exiting)
• Which horizontal transport device 

should perform a work instruction
• When a container should be moved 

outside the stack to avoid equipment 
conflicts

• How to reorganize a stack during idle 
periods to facilitate future work.

Traditionally at terminals, scoring 
algorithms have been applied by different 
software systems. Parameterized equations 
then create a move score:
SCORE = A*X1 + B*X2 + C*X3 + …+

AUTOMATED 
INTELLIGENCE 
Rich Ceci, Port of Virginia, Virginia, US and 
Oscar Pernia, Navis, Rotterdam, Netherlands

Image source: Port of Virginia 
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where A, B, and C are parameters that 
modulate the independent variables 
X1, X2, X3 to emphasize varying levels of 
importance. For example, X1 could be the 
distance from the ideal location, X2 could 
be minutes until vessel load, X3 could be a 
mixed pile penalty, and so on.

While the optimization algorithms rank 
the scores and pick the best result, today 
container terminal experts struggle in 
different areas:
• Algorithms parameterization: Setting 

or changing the parameters controlling 
the logic behavior is very difficult, 
and the level of abstraction of the 
parameters is usually disconnected 
from the operational behavior. More 
modern optimizers perform very 
complex analyses on data to create the 
“most optimal result”, but this can take 
lots of computing power and lots of 
time to execute optimization cycles

• Fine Tuning: To include all the required 
aspects of the operational scenarios at 
the specific terminal, and implement 
required situational logic to deal with 
the operational circumstances and 
exceptions handling, which usually 
depends strongly on the cargo profile, 
gang composition, and terminal lay out 
and equipment configuration

• Scattered logic across software systems: 
At automated terminals especially, 
operational decisions are scattered 
across different software systems, to 
coordinate the choreography between 
the different operational decisions, 
across different operational areas and 
time horizons. This means a myriad 
of suppliers must engage to execute 
automated decision making effectively

Beyond these challenges, we will continue 
having robots, humans, and software at 
most automated container terminals. We 
need those actors to keep doing what 
they are good at, and to help compliment 
the other actors’ capabilities to deal with 
operational reality:
• Humans are good at: 

o Perception-driven intuition 
o Multidimensional assessment 
o Creative and experience-based 
decision making

• Robots are good at: 
o Predictability 
o Precision 
o Repeatability

• Lastly, software is good at: 
o Abstract intelligence and problem 
solving, but software can only act with 
a clear direction, and clean input data. 
This means that the missing pieces at 
container terminals are:

o Data analysis and correlation
o Deep learning and cognitive training

Within this scenario, the need for the 
“best” solution is a fallacy. We are moving 
containers after all. The outlined vision 
relies on two main principles:   
1. The value is no longer in a single 

application but in the whole set of 
software pieces; domain contention 
between software applications needs 
to be applied to enable the ‘whole 
system’ prescriptive ‘look ahead’ 
planning, simplified user interaction 
and enabling proactive feedback loops 
from operations execution

2. Optimization of our automated 
terminals is tied to synthesis of both 
rules and scoring. Optimization 

algorithms can be assisted by emerging 
artificial intelligence and machine 
learning technologies, for quicker and 
more robust operational decisions. This 
is the start of automated intelligence

AUTOMATED INTELLIGENCE 
When thinking about decisions at automated 
terminals, software must be the bridge for 
humans and robots to help each other. To 
make sure software can be this bridge, we 
need to consider two main things:
1. Information still needs to be 

transformed into meaningful data. A 
lot of data still needs to be extracted, 
analyzed, and understood

2. Better visibility into real-time 
information to make better decisions 
and create trusting relationships 
between robots, software, and users is 
critical for progress

Why should we use artificial intelligence? 
When looking at the problems we have 
today and at the capabilities generated by 
AI, it has most of the capabilities we are 
demanding:
• Self-learning and understanding the 

reality in front of us
• Adaptation when something does not 

go according to plan
• Prediction and pattern recognition to 

be able to look ahead
• Deep analysis and recommendations to 

the user

Responding to complicated and dynamic 
environments has already been proven in 
the banking and airline industries, which 
are demanding industries full of dynamics 
and real-time updates.
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This paper's vision is about a future 
empowered by AI and ML in the following 
way:
• On the robot side DataBOTS will deal 

with huge amounts of data and focus 
on automated repetitive tasks for 
finding insights and transforming data 
into meaningful information. 
o AI can help us by managing 
unstructured data and performing 
complex tasks

• On the software side, enhanced 
algorithms will capture and productize 
knowledge and structuring data in a 
reusable and configurable form. But to 
be effective AI and ML will help:  
o AI can analyze and correlate data, 
including generating data 
o ML can train and constantly 
update, automatically adjusting the 
configuration of the parameters 
controlling algorithm behavior

• For the user, UIBOTS will help to 
process output and real-time feedback 
to drive proactive user interaction and 
effective exception handling, and in 

this case: 
o AI can mimic the human brain and to 
drive reaction to input situations 
o ML can integrate cognition and best 
performance behaviors

All these different elements will work 
together to create an impact to consistently 
connect long-term planning, short-term 
planning, and flexible execution. 

CONCLUSION
In conclusion, AI and ML are already 
proven technologies and their value 
offerings tackle some of the fundamental 
constraints we have today to drive shipping 
operations to be more efficient, safer, and 
more sustainable for everyone. 

There are different types of intelligence 
that need to be combined in order to 
address the flexibility and resiliency of 
decisions; other industries have already 
driven the path addressing intelligence 
and simplicity. Our industry is looking 
forward for concrete and simple examples 
to realize this vision as a reality.
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One of the biggest politi cal issues of the 
coming decades is the future of work. 
Technological advances are such that 
more than half of the existi ng jobs could 
be automated. Automati on might create 
new jobs, but these will very likely not 
off set the lost jobs. This has far reaching 
consequences: uncorrected, automati on 
will erode tax income, the welfare state and 
lead to very unequal income distributi on. 
Some people say that automati on requires 
the introducti on of a basic income and a 
robot tax. Curiously enough, these issues 
are mostly absent from current politi cal 
debate. Ports have been precursors in 
automated processes, but could ports also 
lead the debate on such innovati ve policy 
responses to automati on?

PORT AUTOMATION
Ports have been pioneers of automati on. 
Long before it became fashionable to speak 
about automated driving or autonomous 
trucks, various ports already had their 
driverless trucks – the automated guided 
vehicles. These automati on processes, like 

other producti vity enhancing developments, 
such as containerisati on, brought 
employment losses that were dealt with 
more or less sati sfactorily. Most of these 
transiti ons were facilitated by sustained 
trade growth or generous early reti rement 
packages for redundant workers.

Innovation is of all times, and 
many innovations have made workers 
redundant, but this has often liberated 
the work force to take up other work, 
often more rewarding work too. Times 
might be different now. Trade growth 
is stagnating and will probably never 
reach the levels of the last few decades. 
Simultaneously, robotisation could make 
more than half of current jobs disappear 
quickly. Terminal automation in such 
circumstances might have very different 
outcomes than in previous decades and 
result in the redundancy of people that 
are likely not to find another job again.

OFFSETTING SOCIAL COSTS
The business case for automated 
terminals is facilitated by governments 

that pick up the bill for the social costs. 
An important social cost is foregone tax 
revenues: robots do not pay taxes and 
do not consume, so they do not create 
economic growth. There is a limit to the 
absorption capacity of the state: who 
pays public services if the robots have 
taken over all the work? Who will buy the 
goods if humans have stopped to work? 

The crux here is that most people get 
income from work and that personal 
income tax revenues are generally 
higher than corporate tax revenues. 
The personal tax income lost due to the 
replacement of a worker by a machine 
is in many cases not compensated by 
higher corporate tax revenues. This is 
compounded by the fiscal optimisation 
strategies of multinational companies like 
global terminal operators. 

THE ROBOT TAX
Not surprisingly, the literature on 
automati on frequently suggests 
considering the introducti on of a universal 
basic income, to be fi nanced by some sort 

ROBOT TAX 
IS THERE A JUSTIFICATION?  

Olaf Merk, Administrator: Ports & Shipping, ITF/OECD, Paris, France 
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of tax on robots. A recent example of such 
a plea has come from no-one less than 
the current richest man in the world, Bill 
Gates. 

Most ports are public bodies, so they 
need to look at impacts upon jobs. Local 
firms expect the port to be productive, 
local communities expect it to generate 
jobs, so any terminal automation project 
could raise concerns port authority 
concerns, as well as by port-cities and 
states. Why would it be in their interest 
to perpetuate a system that favours 
automation by taxing labour, but not 

taxing robots? The issue is delicate: we 
do not want to stifle innovation, yet 
there might be a real problem with the 
pace of acceleration with regard to port 
automation. 

The discussion on the optimum 
outcome has started, but it has not  
gathered much momentum yet. The 
European Parliament has discussed a 
tax on robots, but it has as yet decided 
not to pursue it. The French presidential 
candidate Benoit Hamon proposed a 
universal basic income and a tax on 
robots, but his proposal barely received 
attention. 

WHERE FROM HERE? 
The situation seems to cry out for 
a visionary port director willing to 
consider pilot projects on the taxation of 
automation in port terminals. Such pilots 
would help to advance questions such 
as: ‘what to tax?’, ‘how to tax?’, ‘how to 
link tax to education and reconversion 
of workers?’, ‘should it be a temporary 
tax and whom to tax?’, and ‘should 
there be others rather than just terminal 
operators that could contribute to the 
mitigation of social costs?’ Ports were 
at the forefront of automation; could 
they now be the pioneers in exploring 
solutions to mitigate the social impacts 
of automation too?
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This paper examines the suitability 
of blockchain and blockchain-based 
distributed ledger technology (DLT) to the 
port, harbour, and terminal industries. DLT 
has the potenti al to drasti cally change the 
world of asset transfer, asset movements 
and security of data movement. Testi ng 
of various DLT applicati ons has already 
started – fi rst in 2009 with the emergence 
of Bitcoin in the fi nancial services industry, 
then subsequently in various other fi elds, 
including within the supply chain. 

Executi ves in the port, harbour and 
terminal industries need to understand 
the potenti al impact and implicati ons 
of DLT and blockchain – in business, in 
respect to government interacti ons, and 
along the supply chain. The technology 
has the potenti al to change the way parti es 
operate and interact along the value chain 
as well as to open doors for new players. 
Some intermediaries might be impacted, 
others may be left  out of the game.

DISTRIBUTED LEDGER TECHNOLOGY
DLT allows for distributed and real-ti me 
multi -party tracking, digital bills of landing 

and lett ers of credit, machine-to-machine 
(M2M) interacti ons, and visibility of assets 
and liabiliti es. Smart contracts, digital wallets 
and secure digital asset and informati on 
transfer could ease mariti me operati ons, 
unlock new opportuniti es for all parti es and 
reduce risk. With this, signifi cant amounts of 
paper could be cut out of processes. 

Capturing the potenti al of DLT 
and blockchain requires not only an 
understanding of the technology and its 
implicati ons for the port, harbour, and 
terminal industries, but also pioneering 
and collecti ve eff orts to develop the 
applicati ons and a new gold standard in 
business to jointly bring the traditi onal 
industries to the next level.

BLOCKCHAIN FOR PORTS
The port, harbour and terminal business 
sits at the crossroads of the majority of 
global trade routes, making the sector one 
of the key enablers of the global supply 
chain, however I believe it can also sit at 
the crossroad of blockchain. 

The supply chain is about processes from 
design to the extracti on of raw materials, 

to producti on and the movements and 
storage of goods down to repurposing, 
including the related fl ows of capital and 
data. The fl uidity of fl ows across the supply 
chain ecosystem determines ti me required 
and cost incurred. In turn, fl uidity depends 
on the seamlessness and integrity of the 
processes – seamlessness means the 
least number of steps and the highest 
level of digiti zati on and automati on. Most 
importantly however, it stands for integrity 
and authenti city of informati on as the 
basis of trust amongst all parti es involved.

AN INTRODUCTION TO BLOCKCHAIN
Blockchain became known as the core 
technology behind bitcoin – the fi rst 
decentralized crypto-currency – launched 
in 2009. Although blockchain has initi ally 
been thought mainly from a fi nancial 
services perspecti ve, the technology 
can serve as a basis for many useful 
applicati ons and manage informati on 
far beyond monetary transacti ons. 
Blockchain technology is a leapfrog 
technology intended to reinvent markets. 
Jeremy Wilson, Vice Chairman of Barclays 

BLOCKCHAIN TECHNOLOGY 
FOR PORTS

Wolfgang Lehmacher, Head of Supply Chain and Transport Industries, World Economic Forum 
The views expressed in this article are those of the author alone and not the World Economic Forum 
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Corporate Banking, said blockchain could 
even become a new operating system for 
the planet. That is the level of technology 
about which we are talking. 

Blockchain is a cloud-based kind 
of global spreadsheet or distributed 
ledger of transactions. Blockchains run 
on computers provided by volunteers 
around the world. Therefore, there is no 
central database to hack. The blockchain 
is public and encrypted. Although nothing 
is un-hackable, it is extremely difficult to 
remove, duplicate, manipulate, tamper 
or copy records. Therefore, blockchain 
means that we can collectively trust what 
happens online. 

Blockchain is one type of distributed 
ledger. In this paper distributed ledger 
technology (DLT) stands for blockchain-
based DLT and both terms are used 
simultaneously.

A NEW SOURCE OF TRUST
What if information such as the 
provenance of goods, tariff codes, 
classification data, import / export data 
and certificates, manifests and loading 
lists, customs values, status information, 
and all other information about goods 
within the supply chain ecosystem was 
available for all parties involved at anytime 
and everywhere? Then, the vision of a 
transparent, secure, paperless supply 
chain would have become a reality. It is 
blockchain and DLT which can bring track-
and-trace, visibility and transparency to 
the next level.

DLT is suited to log and monitor data, 
such as parts in the automotive supply 
chain or containers moving in ships, planes 
and on other transport devises around the 
world. Today, customers and buyers have 
limited visibility and even more so ability 

to validate the true value of products and 
services they wish to purchase. 

Lack of transparency along the supply 
chain causes various concerns, including 
that the prices paid might be an inaccurate 
reflection of the true value. On the other 
hand, limited transparency also causes 
risks for manufactures and brands 
resulting from illicit practices and the 
environmental impact that comes with 
certain forms of production. 

DLT and blockchain can help to calm 
consumer minds, mitigating and eliminate 
risks around food security, conflict 
minerals, counterfeit goods, forced and 
child labour, corruption, and so forth. In the 
world of DLT, everyone can watch what is 
happening. Consumers, business partners, 
governments, watchdogs, and so on.

PIONEERS 
There are many pioneers in the field of DLT 
and blockchain. Provenance, for example, 
applies DLT to help companies to build 
trust across the supply chain by making it 
transparent where products were made, 
by whom, and with what environmental 
impact. The company BlockVerify 
also helps companies to fight product 
counterfeiting. 

Everledger assists companies to record 
and track the movements of diamonds 
from the mine to the store. Traditionally, 
buyers rely on paper which can be changed 
or tampered to known origin and previous 
owners. DLT allows to record and access 
unchangeable information and history – 
anytime and everywhere. Everledger is 
one of the first users of IBM’s blockchain 
platform aimed at the supply chain. 

IBM’s partnership with Walmart to 
track lettuce, steaks and snack cakes from 
farm and factory to the shelves is one of 

the biggest practical tests to date, while 
Maersk has teamed up with IBM. 

The goal for both is to develop a 
blockchain solution to help manage and 
track goods and the paper trail of millions 
of shipping containers by digitizing 
the supply chain process to enhance 
transparency and the highly secure sharing 
of information among partners – shippers, 
freight forwarders, ocean carriers, customs 
authorities, and ports. The solution which 
is expected to be available later this 
year has the potential to save the global 
economy billions of dollars.

The whole world of commerce and 
trade is about to be rethought and 
redesigned. Barclays reported the first 
blockchain-based trade-finance deal 
in September, 2016. The process from 
issuing to approval of the letter of credit 
that usually takes between 7 and 10 
days could be reduced to less than 4 
hours. Flexport, a provider of software 
to manage global trade might one day 
help businesses to monitor re-order 
cycles and plan future shipments, which 
would allow them to instantly replenish 
their inventory when they run low – even 
through placing orders from M2M.

SMART CONTRACTS AND EWALLETS
When combined with other advanced 
technologies, such as the internet of 
things (IoT) and artificial intelligence, DLT 
and blockchain unfold their full potential. 
Combining DLT with IoT allows ships to 
autonomously contact suppliers and place 
orders for example when low on energy 
to schedule cycles to take advantage of 
electricity prices. 

Thanks to DLT, machines can do 
business with machines. Blockchain brings 
automation to the next level.
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Electric vehicles can pay recharging, 
truck parking, tolls and fuel fees based on 
smart contracts with a blockchain-enabled 
digital wallet. eWallets can also collect fees 
for equipment-sharing. Smart contracts 
are agreements between parties stored 
on a blockchain. Smart contracts work on 
the basis of standard templates and can 
for example refund deposits and perform 
instant collection of taxes as well as take 
over the burden of regulatory reporting.

PAPERLESS AND HIGH SPEED
Putting documents on the blockchain 
brings significant advantages. Maersk has 
been participating in a proof of concept, 
with blockchain expertise from the IT 
University of Copenhagen, to digitize the 
bill of lading. Eliminating piles of papers 
speeds up processing and reduces costs 
and risks. A shipment of roses from Kenya 
to Rotterdam can generate a pile of paper 
25 centimeters high, for example.

Furthermore, prior to arrival, ships 
can send digital, autonomous and secure 
papers, documents and information to port 
authorities, security departments, customs, 
terminal operators, and all other parties 
involved in port operations. At the port, 
artificial intelligence based tools, such as 
auto-document verification tools can speed 
up the processing of the submissions.

IMPROVED SECURITY AND ASSET 
CONTROL
Facial recognition technology can improve 
and accelerate access controls and crew 
checks in ports and save time and money 
while raising the level of security, as DLT 
contributes the digital identity. Terminal 
operators and other asset operators can 
log and monitor assets and devices such as 
trucks, chassis, scanners, and any kind of 
equipment on the blockchain, which offers 
in this way attractive cost savings, through 
security and efficiency gains. Sharing of 
assets in the port will become safer and 
easier.

NEW PLAYERS, NEW BUSINESS
Blockchain-based open and secure 
platforms can also bring smaller businesses 
to the port, either to perform tasks in the 
terminals or as customers operating in 
the port. They can easily access the port 
services and connect with others via the 
digital port platform. Digital peer-to-peer 
collaboration tools and payments ease 
doing business.

3D-printing facilities operated by ports 
might offer a new form of safe production 
and an additional revenue stream. 3-D 
printing combined with blockchain allows 
the creation of secure digital memories 
for each product and each part of the 
product. The immutable records from the 

source of the raw materials used, to where 
and how products were manufactured, to 
their distribution, maintenance, repair, 
recall and recycling histories can be a vital 
component of the new source of trust.

STANDARDIZATION IS CRUCIAL
The joint development of standards is 
critical, whether on industry, national or 
global level to avoid conflicts between 
different standards and ensure the optimal 
outcome. Standardization of blockchain 
involves terminology, development, 
deployment, and security. In the supply 
chain and transport industries the 
consequences of missing standards are 
well known. For example, the desired 
smooth exchange of data which eases 
collaboration, allows instant and better 
responses to disruptions, and drives 
optimisation and security throughout 
the supply chain is hampered by the lack 
of shared data formats, and technical 
transfer options.

In times where many physical products 
are digitised and almost every physical 
process is replicated on the digital layer 
which has largely taken control over the 
tangible world, cybersecurity has become 
vital for businesses, governments and the 
security of our lives. Boards have to take 
action. Companies need to recruit C-suite 
experts who take the board onto the 
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journey of cybersecurity – starting with 
setting the board agenda.

The supply chain, logistics and transport 
industries, including the ports need 
to play an active role in the process of 
standardization and security.

TOWARDS A DIGITAL FUTURE
Blockchain offers the opportunity to 
create a global platform of performance 
and trust, however scaling the technology 
still requires overcoming some hurdles. 
First, blockchain protocol(s) used to 
secure the ledger of global trade and 
manufacturers must be trusted by all 
users. Technical capabilities to handle 
very large transaction volumes need to be 
enhanced and the costs of maintaining the 
protocol need to be lowered. 

Gateways to bringing onboard ordinary 
companies and individuals into the M2M 
economy are also required. The liability model 
of business conducted on the blockchain 
will need to be reviewed as the appropriate 
treatment of liability may differ from current 
models. Last but not least, standard skills are 
required to easily and smoothly interface 
with legacy systems to overcome concerns 
and doubts of the conservative forces in 
business and government. Collective effort 
and engagement is required to make DLT 
and blockchain the new gold standard in 

business.
Independently from the time to 

realization, the final shape, form of 
the distributed ledger and blockchain 
technology, ports, harbours and terminals 
might significantly benefit just from 

exploring this central tool of the digital 
economy. Alone, the knowledge gathered 
and new relations built along the road – 
for example, with fintech and other tech 
companies – should justify the industries’ 
effort.
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A port terminal is a restricted area due to 
regulated public sector operations in ports 
such as customs, immigration, quarantine 
and national security. Therefore, a port 
terminal gate serves as a key check point 
to identify and record each entity entering 
or leaving the restricted area. As the size of 
modern container ships has increased, the 
volume of container traffic passing through 
gates has also risen dramatically. As a result, 
employing technologies to improve the 
efficiency and security of gate operation 
has become the predominant strategy for 
terminal operators dealing with heavy traffic 
passing through their gates.

BENCHMARK FOR VOLUME: SINGAPORE
The typical entity that commonly passing 
through port gates comprises three critical 
components: a driver, a truck, and a 
container. A basic Gate Automation System 
(GAS) must be capable of identifying 

and recording these three components 
accurately and promptly. Accordingly, 
three subsystems are necessary to 
establish the foundation of a GAS. The 
ideas of implementing these subsystems 
are introduced as follows:
1. Driver identification system (DIS): To 

ensure security and facilitate checking 
drivers’ identities at gates, drivers are 
required to register in the GAS and 
obtain ID cards after registration. After 
that, when a truck arrives at the gate, 
the driver must tap his ID card and key-
in his personal identification number 
(PIN). Some modern terminals (e.g. 
PSA Singapore) allow drivers to scan 
their fingerprints instead of keying in 
PIN numbers to enhance the level of 
security.

2. License plate identification system 
(LPIS): Since each truck must install 
license plates, which have to be 

displayed properly both on the front 
and rear according to traffic regulations, 
the easiest and most efficient way to 
establish an LPIS is through optical 
character recognition (OCR) technology. 
That is, when a truck arrives at a gate, the 
preset closed circuit television (CCTV) 
cameras capture several images of the 
truck from different angles. The license 
plate is then identified and recorded 
promptly to the GAS. Currently, OCR 
is a common LPIS solution used in 
many terminals due to its competitive 
cost and the ease of its installation. 
Identification using this method is also 
accurate, although the performance 
might be influenced occasionally by bad 
weather such as thick fog or heavy rain.

3. Container number recognition system 
(CNRS): Just like the LPIS, the easiest 
way to identify a container is still using 
OCR technology; however, the difficulty 
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is higher because the container number 
may appear at different locations on a 
container, and sometimes two 20-foot 
containers are carried by the same truck. 
To enhance identification accuracy, 
images must be captured from multiple 
angles, and sophisticated backend 
algorithms are necessary to ensure the 
results obtained from the CNRS.

In addition to the drivers and license 
plate and container numbers, the weights 
and seal numbers of containers must also 
be checked and recorded at the gates. 
Embedding weighbridges into the lanes at a 
gate is a widely-used solution because it can 
save space and eliminate the necessity of 
setting up a weighing station. Furthermore, 
the weight of a container can be measured 
and transmitted to the GAS at the same 
time that DIS, LPIS and CNRS are being 
implemented. It is worth mentioning that, 
because the seal numbers are quite small, it 
is difficult to capture an image clearly using 
preset CCTV cameras. In addition, the status 
of each seal must be checked according to 
customs formalities. Therefore, a worker 
must still check the seals at gates, preventing 
the development of a fully-automated GAS. 
In practice, the Flow-Through Gate (FTG) 
systems introduced by the PSA at their 
terminals in Singapore can complete the 
gate process for a container truck within 
25 seconds. The FTG can handle about 700 
trucks per peak hour and 9,000 trucks per 
day, which is the benchmark in the port 
terminal industry.

RFID IDENTIFICATION
The main purpose of establishing a GAS 
is increasing the efficiency of the gate 
process. However, added value might be 
generated based on a GAS that is well-
developed with more technologies, such 
as radio frequency identification (RFID). 
That is, after completing the check-in 
procedure at a gate, a tag that carries 
the correct information is attached to the 
truck communication. By use of readers 
installed in the terminal, the terminal 
operation system (TOS) can communicate 
with each truck remotely, precisely, and 
in a timely way. The real-time locating 
system (RTLS) implemented at the gate of 
NYK’s distribution center at Long Beach, 
California is an early application of an 
active RFID technology for managing ocean 
containers. In this operation model, when 
a container truck arrives at the yard, a 
worker enters the identity of the driver into 
the system by scanning the driver’s license. 
Afterwards, the worker affixes a tag to the 
container or trailer. Then the system prints 
a ticket for the driver instructing the exact 
location to deliver or pick up the container. 
This operation model cuts check-in time 
at the gate for each container truck by 

50%. In addition, the system can locate 
each container by receiving the signals 
broadcasting regularly from the tags to 
readers. The content of each shipment can 
also be obtained because the TOS system is 
linked to the customs database and further 
shortens the time for yard managers and 
drivers to find a container in the yard with 
the correct shipment information. 

Because attaching and removing a tag to 
and from each container is a real burden for 
terminal operators, the Taipei port container 
terminal (TPCT) serves as an example of 
simplifying this procedure by integrating 
RFID technology with its GAS. Namely, after 
completing the check-in process by GAS, the 
driver gets a tag from the gatehouse and puts 
it behind the windshield. The LED display on 
the tag indicates the exact location for the 
driver to go to. In addition to improving the 
efficiency and accuracy of gate operation,  
affiliating the data obtained from the GAS 
to the truck for tracking its location is an 
important trend for generating added value, 
especially for terminals using automated 
rail-mounted gantry cranes (RMGCs). 
Supported by Zigbee technology, the TOS 
of the TPCT can monitor the location of tags 
in trucks while they are moving through the 
yard. This feature enables an automated 
RMGC to change its stop location in advance 
in order to be ready to service the truck as 
it approaches the designated location in 
the yard, which saves waiting time for both 
RMGCs and trucks. 

FUTURE CHALLENGES FOR DEVELOPING 
ADVANCED GAS
Developing an efficient GAS to improve 
the gate operation process has become an 
important strategy for modern terminals. 
Although most GASs used in practice can 
meet the basic requirement, there are still 
a few challenges that have to be dealt with. 

But in spite of the fact that the RFID tags 
are a good solution to increase the added 
value of a GAS, attaching and removing the 
tag is really inconvenient for both terminal 
operators and drivers. To overcome this 
problem, a few modern terminals (e.g. PSA 
Singapore) are now sending messages to 
the mobile phones of drivers instead of 
using RFID tags. This technology not only 
avoids the inconvenience of handling the 
tags, but also further extends the possibility 
of developing more applications because 
mobile phones can be tracked on a timely 
basis, and drivers’ feedback to the TOS can 
be easily obtained. 

Second, identifying the seals is still an 
obstruction for developing a GAS. The 
concept of embedding RFID chips into the 
seals, which are called e-seals, is being 
actively developed. However, most e-seals 
are used by local customs authorities to 
escort and monitor container movements. 

The difference between radio frequency 
regulations and customs formalities in 
different countries has created a huge barrier 
to developing a standard e-seal system that 
can be universally accepted by global major 
port terminals. Manual checking might be 
the main way to identify seals until a greater 
consensus is reached. 

The last challenge is checking empty 
containers. Since most terminals have to 
check empty containers by opening their 
doors at gates, a worker is indispensable 
for this purpose. With a view to establishing 
an automated GAS, it is worth studying 
the possibility of using non-intrusive check 
technologies to check empty containers 
promptly at gates.
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From the quay through the yard and onto 
trucks or rail, Agile Optimization Modules 
deliver value across the terminal. With 
both a strong short and long-term ROI 
possible, benefits can be translated into 
financial terms that have real impact on 
the bottom line. My recent paper Power 
up your TOS from Edition 73 of The 
Journal of Ports and Terminals outlines 
these benefits and potential ROI in detail 
and is a good precursor to this article. So 
building from where that article left off, 
this article will explore the most common 
question we heard over the past few 
years: when is the best time to implement 
an agile optimization solution? 

WHEN TO POWER UP YOUR TOS?
The short answer is quite simple – anytime 
is a good time because the benefits begin 
to drive return from the day you go-
live. However, the long answer is more 
structured. Given that implementing 
optimization modules tends to be seen 

as a capital expenditure (CAPEX) project 
– albeit with some ongoing expenses 
(OPEX) –three ideal scenarios align with 
traditional CAPEX projects in which an 
agile optimization solution will deliver 
an immediate impact and a strong ROI. 
These scenarios are:
• Shrink to grow: equipment 

replacement projects
• Expand in efficiency: brownfield 

expansion projects
• Reduce to the max: greenfield design 

projects
While each project type is discussed in 

greater detail below, the general principle 
is that a small CAPEX investment in 
optimization modules will pay dividends 
in the form of both immediate CAPEX 
project savings as well as through long-
term reductions in OPEX costs. 

SHRINK TO GROW
Aging handling equipment fleets are 
an ongoing concern for operations. As 

equipment ages, maintenance related 
OPEX rises. On the flip side, new 
equipment is an expensive CAPEX project 
that needs to be carefully considered. 
Traditionally the solution is to replace 
aging equipment with more equipment; 
a like-for-like approach. However, this 
isn’t the only option available to terminal 
operators today. 

Terminal operators should look for 
the best solution that can both replace 
aging equipment and do it in a way that 
improves terminal performance. This 
would include improving environmental 
outcomes, improving terminal efficiency, 
and increasing operational flexibility. 
Additionally, the outcome should be 
financially beneficial to operators (i.e. 
reducing CAPEX and OPEX costs). While 
new equipment technologies can tick 
some of these boxes, agile optimization 
can deliver them all. 

To exemplify this, of a fleet of 60 straddle 
carriers, 30 need to be replaced (see 
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Figure 1). At a typical European terminal, 
agile optimization modules can reduce 
fleet sizes by as much as 40% while also 
providing gains in efficiency. This would 
mean that the terminal could reduce 
the number of required straddle carriers 
from 60 to 40, reducing the number of 
new straddle carriers required to 10. This 
provides reductions in  immediate CAPEX 
costs and long-term OPEX costs. Fewer 
vehicles mean improved environmental 
credentials. Improved efficiency improves 
both operational performance in the 
short-term, while better positioning 
the terminal to effectively respond to 
unforeseen future market conditions. 

EXPAND IN EFFICIENCY
Despite the best planning, all too often 
ports find themselves operating at, or 
exceeding, their designed capacity; this is 
the trigger for many brownfield projects. 
Generally, the first reaction to this 
problem is to build infrastructure and buy 
equipment to service that infrastructure. 
Most terminals don't have the physical 
space required to expand their operations 
in this way: the result? Many projects 
accept sub-optimal compromises that 
don’t deliver strong value when weighed 
against the high investment cost. 

Financially speaking, the cost of a 
brownfield project is significant. To start 
with, new infrastructure and equipment 

has a very high CAPEX cost. Further, there 
will be a permanent increase to ongoing 
OPEX costs to maintain the new assets. 
These costs are budgeted against future 
volume predictions, but what happens if 
those volumes don't eventuate as is all 
too common in recent years? In these 
situations terminals are left with higher 
costs without the revenue stream to 
justify them which in turn impacts their 
bottom line. 

There is another way. Stop and ask the 
question: ‘Is a physical expansion needed 
or can we be more efficient with the 
infrastructure we have?’ The answer to 
this question, more often than not, is yes. 
The very purpose of agile optimization 

Figure 1

Figure 2
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modules is to allow operators to use their 
infrastructure and equipment efficiently, 
unlocking existing capacity in the process.

At a typical European terminal, 
optimization of a five-high RMG yard's 
decision-making processes can result in 
an up to 51% decrease in re-handles. The 
flow on effect is that less space is needed 
to handle the same volume of containers, 
thereby resulting in an increase in the total 
volume the same physical yard can manage. 
Similarly, a yard crane optimizer can increase 
the productivity of existing RMG's by up to 
21% resulting in even further increases in 
volume handling capabilities. Combined, 
their effects are multiplied, freeing up 
underutilized capacity all from within the 
existing infrastructure and equipment (see 
Figure 2). 

Sometimes, optimization gains are not 
enough on their own. In these scenarios, 
agile optimization provides the combined 
ability to boost the utilization of existing 
assets as well as minimize the quantity 
of new infrastructure and equipment 
required. 

REDUCE TO THE MAX
When agile optimization is included at 
an early design stage it offers greenfield 
terminals the highest ROI. By using 
optimization software, the planning 
process is enriched with valuable insights 
as to how efficiency can be strengthened 
and flag potential issues early in the 
process. 

As an example, looking at a typical 
European terminal’s planning for rail 
crane infrastructure, it is possible to 
reduce this infrastructure by up to 25% 
if planned from an early stage. Similarly, 
optimization allows terminals to achieve 

the same volume throughput via yards 
with fewer blocks. This allows for both the 
reduction in yard block infrastructure and 
the equipment needed to service those 
blocks (see Figure 3). Flow on effects 
touch all aspects of the terminal design 
and equipment requirements delivering 
measurable CAPEX and OPEX project 
savings before breaking ground. 

Beyond the immediate savings, this 
approach allows terminals to grow in 
a more sustainable way. Opposed to 
investing in infrastructure and equipment 
that won't be fully utilized, it allows 
these investments to be delayed until 
demand necessitates them. It also 
provides terminals with room to expand 
into the future. If the original design 
called for four rail cranes, but only three 
were installed, or twenty-four yard 
blocks, but only eighteen were needed 
initially, the design and space for the 
additional infrastructure and equipment 
is already available for future expansion 
by streamlining those projects when they 
are required. 

Further, terminals stand to benefit from 
the same flow on advantages seen in both 
equipment replacement and brownfield 
projects. These advantages include; 
lowering a terminals environmental 
impact, improving terminal efficiency, 
increasing flexibility, and improving 
performance. Greenfield projects 
represent the single best time to invest 
in optimization modules because the 
potential ROI is the highest of all project 
types. 

TESTING THE WATERS
To achieve these results, optimization 
simulations are run based on actual or 

forecasted data. The representative data 
is run against a multitude of operational 
scenarios ranging from low volume, quiet 
days, through to high volume, busy days. 
An assessment of the impact optimization 
will have under these diverse scenarios 
improves the simulation’s ability 
to predict possible outcomes. The 
simulation data is then analyzed and 
INFORM’s optimization specialists work 
with terminals to review the results and 
work through recommendations. 

ABOUT THE AUTHOR

Dr Eva Savelsberg is Senior Vice President 
of INFORM’s Logistics Division. She 
specializes in Agile Optimization Software 
that renders a wide range of terminal 
processes more productive, agile, and 
reliable. Eva is also lecturer at the 
University of Aachen (RWTH), where 
she received her PhD in mechanical 
Engineering in 2002. Eva has published 4 
books and over 30 papers on innovation in 
freight transportation.

ABOUT THE ORGANISATION

INFORM specializes in Agile Optimization 
Software to improve operational decision 
making. Based in Aachen, Germany, the 
company has been in the optimization 
business for nearly 50 years and serves a 
wide span of logistics industries including 
maritime and intermodal terminals. 

ENQUIRIES

www.inform-software.com/
powerupyourtos

Figure 3

36   EDITION 74: SUMMER 2017 WWW.PORTTECHNOLOGY.ORG

AUTOMATION AND OPTIMIZATION



The march of digitalization is continuing 
to change logistics processes around the 
world. After many successful decades 
of digitalization and automation in 
contemporary ports, the next big step is 
to look at innovative ways for extracting 
more value from new and existing 
data sources to achieve competitive 
advantages. Related business objectives 
may involve an improvement of the 
visibility and operational efficiency, 
utilization of resources, coordination 
among actors, security and safety, 
and resilience against disruptions. The 
trend is particularly driven by powerful 
information technology and paradigms 
already available and widely discussed in 
the port industry, including the internet 
of things, cloud computing, big data, 
blockchain, augmented reality — you 
name it. Under the umbrella of digital 
ports or smart ports, new innovative 
business models, concepts, and ideas 
have begun to be implemented or seem 
to be within reach. 

Generally, those enabling technologies 
facilitate the gathering of more granular 
data from port operati ons and advance 
informati on dispersion and informati on 
exchange. However, an even greater 
potenti al is expected through improved 
intelligence that bett er uti lizes available 
data sources through predicti ve analyti cs 
and prescripti ve analyti cs, which includes 
methods to obtain acti onable insights, e.g., 
by forecasti ng what is likely to happen in 
the future, and to opti mize the course of 
acti on, respecti vely. In this context, the 
use of real-ti me contextual data, refl ecti ng 
the current situati on in port procedures 
and environments, has a lot of potenti al 
for enhancing planning, controlling, and 
management of resources. However, 
digital transformati on is not only about 
technology. Technology is just a means, not 
an end. Therefore, it is important to not 
only understand the potenti al of enabling 
technologies, but, more importantly, to 
make purposeful and eff ecti ve use of 
them by adapti ng and transforming port 

procedures taking into account strategic 
objecti ves. 

SMART PORT LOGISTICS
In the new era of digitalizati on, we can 
observe an infl ati onary use of the label 
‘smart’: smart objects, smart home, smart 
city, smart governance, smart logisti cs, and 
nowadays even smart ports. The broader 
the context, the more concepts are involved 
supporti ng technical, economic, ecological, 
and social innovati on. In the narrow 
sense, smart is a synonym of “clever” or 
“intelligent”, which can be seen as an 
ability to acquire, understand, and apply 
relevant informati on to make informed 
decisions and extract knowledge that may 
lead to some benefi t. A smart object, for 
example, is any object or product that is, by 
means of embedded technologies, aware 
of its environment and state, may have 
the ability to make its own decisions about 
itself and its uses, communicate state 
informati on, and achieve actuati on under 
its own control.  Embedded technologies 

SMART PORT LOGISTICS
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FOR TRANSITIONING TO SMARTER PORT OPERATIONS
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(e.g., sensors, sensor networks, actuators, 
RFID) can already be found in many 
areas of contemporary ports and allow 
a high degree of automation. Another 
example are intelligent containers that are 
equipped with identification and sensing 
technologies, e.g., by integrating hybrid 
RFID-WSN (radio-frequency identification, 
wireless sensor network) devices and 
mobile technologies in order to constantly 
measure their environment and state 
(position, temperature, humidity, security 
seal, etc.), communicate measurements 
to an information system, and process 
and analyze data to gain insights and 
support decision-making. While data 
acquisition  nowadays mostly driven by 
the paradigm of the internet of things, 
connecting physical objects to information 
systems or allowing machine-to-machine 
communication, other paradigms such as 
cloud computing and big data technologies 
play an important role in integrating, 
storing, processing, and analyzing massive 
amounts of data from different sources to 
obtain actionable insights. Due to the high 
complexity, predictive and prescriptive 
analytics need to be developed and applied 
for extracting those insights as well as for 
supporting decision-making.

Against this background, smart port 
logistics aims at providing means of 
planning and control to better utilize 
port-related resources, equipment, and 
space by improving the communication 
and information exchange, security and 
safety, coordination, and responsiveness 
in port operations through an effective 
combination of enabling technologies and 
advanced methods in form of predictive 
and prescriptive analytics. There is strong 
evidence that these efforts not only result 
in lower costs or higher service levels, 
but also tend to create less emissions of 
greenhouse gases. 

EXAMPLE: PORT-IO
The mobile cloud platform port-IO has been 
developed by our team at the University 
of Hamburg. The platform combines 
cloud and mobile technologies with 
interdisciplinary approaches to improve 
planning, control, and coordination in port-
related drayage operations. The platform 
can be used to better match demand with 
available capacities and reduce empty 
moves based on real-time data, including 
traffic forecasts, predicted waiting times 
at port facilities, and current positions and 
capacities of vehicles within the port area. 
Fast and efficient optimization techniques 
are used to rapidly and efficiently match 
transport demands and resources in 
complex situations. The resilience against 
disruptions can be increased by adapting 
planning dependent on the current 

situation measured through sensors, 
mobile technologies, and information from 
other port-related information systems.  
The solution further supports multi-criteria 
decision-making to identify trade-offs 
between economic and environmental 
objectives, which is important for the 
sustainable development of ports. 

DIGITAL TRANSFORMATION 
Past developments show how digital 
innovation has shaped the modernization 
of ports and has become indispensable to 
the competitiveness of ports. Regarding 
current trends, it is important to 
understand the potential and implications 
of enabling technologies for increasing 
operational efficiency, solving current 
problems, improving customer experience, 
and innovating services to achieve 
competitive advantages. Once strategic 
goals and key performance indicators are 
set, the actual transformation involves 
not only changes at the technology level, 
but in particular changes of organizational 
conditions (e.g., organizational structures, 
business processes, culture, employee 
skills, etc.). It is important to regularly 
determine the impact and progress of 
digital transformations, for example, by 
applying means to measure the digital 
maturity level. 

CHALLENGES

LACK OF DIGITAL STRATEGIES 
"Strategy, not technology, drives digital 
transformation" is a common opinion of 
executives according to a recent research 
study by MIT Sloan Management Review 

and Deloitte.  It is important to first 
systematically identify potentials of digital 
solutions in port-related processes and 
then derive comprehensive and consistent 
digital strategies. This also involves 
thinking about new business models, 
partnerships and alliances, value-added 
services, and a realignment of business 
activities based on new digital capabilities 
and transformed procedures. In smart 
ports, legacy systems and innovative 
digital solutions need to be integrated 
to adequately redesign port-related 
processes and business networks along 
the value-added chain. This further implies 
ways to increase the willingness to share 
data in competitive port environments 
and among ports. According to empirical 
findings, an increased willingness to share 
data in the area of transportation and 
logistics is observed in recent years. While 
inter-organizational platforms for sharing, 
mostly static paper documents and 
information are available since decades 
(e.g., in form of port community systems), 
there is an increasing need to permanently 
update involved actors and decision-
makers about the current situation and 
changes in inter- and intra-port operations 
based on real-time information.

EXPERTISE AND LEADERSHIP
A high degree of expertise and 
interdisciplinary knowledge is required to 
develop and implement smart operations. 
Ports need to seek out experts having a 
solid foundation in modeling, mathematics, 
statistics, and computer science (e.g., 
cyber security, distributed computing). To 
steer digital transformation into the right 
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direction, these areas of expertise need to 
be combined with a detailed knowledge 
of port operations. This requires at least 
dedicated study and training programs. 
We can already see several crowd-sourcing 
events organized worldwide in the form 
of hackathons or student challenges (see, 
e.g., PEMA student challenge), encouraging 
students and scholars to develop new 
innovative solutions for port environments. 
Collaboration between universities and 
ports can be beneficial for establishing 
interdisciplinary educational programs 
in the area of smart ports, but also for 
exploiting and extending existing knowledge 
and methodologies. Scholars might benefit 
from the practical insights of practitioners. 
On the other hand, it is essential to help 
employees and leadership to develop their 
professional skills and expertise regarding 
digitalization. Leadership further needs to 
develop skills and management methods 
to drive and implement digital projects 
and programs by considering objectives of 
digital strategies.

STAKEHOLDER INVOLVEMENT AND 
ACCEPTANCE
The success of smart port logistics 
initiatives usually highly depends on 
inter-organizational collaboration and 
network effects. Governance models 
need to be revisited in order to find new 
ways of improving the collaboration and 
information exchange within and between 
ports. Stakeholders need to realize the 
potentials for their own business and 
agree to share the required information 
necessary to accomplish the envisioned 
business transformation on both sides. 
Pilot projects and prototypes may help in 
demonstrating the solutions, which can be 
complemented by workshops and trainings. 
Another important success factor is the 
trust in applied solutions. Technically, the 
question of how the port handles cyber 
security issues are nowadays even more 
important than before. 

CONCLUSION
We currently are realizing the dawn of a 
new era of digitalization in ports alongside 
exciting opportunities and challenges for 
established and new actors. To steer their 
course along desired directions and sidestep 
potential problems, it is important to use 
knowledge of past experiences, invest in 
digital awareness and skills, and promote 
innovation and collaboration. Pioneering 
smart port projects can be already found 
in major ports, such as in the Port of 
Hamburg, indicating the huge potential of 
smart port logistics and operations. So, it 
seems that the time has come to use new 
and innovative solutions in forming the 
future of sustainable and smart ports.
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Cargo travels through ports increasingly 
with the aid of automation. As automation 
evolves and becomes more sophisticated, 
terminal operators realize efficiencies 
that help increase throughput, reduce 
turnaround time and increase revenue 
generation. Many are unsure of what level 
of automation to use, if any. The decision to 
implement automation can be complicated 
by the expense, and it carries a stigma that 
scares ports away from investigating the 
advantages it offers. 

BENEFITS OF TERMINAL AUTOMATION
Terminals that are automated are safer, 
quieter and tidier than most conventional 
terminals. Importantly, these automated 
terminals provide containers to trucks at 
a faster rate than manual cargo handlers, 
and other benefits include limiting 
environmental emissions. 

A single gantry style crane can move 
about 35-40 containers per hour. For each 
container unloaded, companies are charged 

as much as $300 in terminal handling fees. 
By reducing load time, and increasing the 
quantity of containers moved per hour, 
terminal operators are able to greatly 
increase revenue. These moves must be 
done so in a safe manner, which automation 
all but ensures by obviating the need for 
workers nearby, hence less risk of human 
injury and exposure.

Automation also aids ports by reducing 
their exposure to interruptions. Such 
disruption directly affects the amount 
of moves per hour a port is capable of. 
Automated terminals deliver reliable and 
consistent performance day after day, 
limiting the possibility of interruption due to 
manual errors. 

On average, improving speed of operation 
by one container move per hour translates to 
a savings of US$5 for the terminal, every hour 
that it operates. Therefore, if a terminal that 
handles 1 million lifts per year and improves 
its productivity from 30 moves per crane per 
hour to 31 moves, it saves $5 million a year. 

This saving occurs due to total costs being 
spread out over a slightly greater amount of 
units moved, thereby lowering the marginal 
costs per container moved. Such costs are 
generally related to operations (labour and 
wages) and maintenance (repair and upkeep 
of equipment).

COSTS SAVED
To fully automate a port requires an average 
expenditure of $500 million. Some estimates 
have concluded that this large investment 
only seems to make financial sense when 
a port is handling about one million or 
more TEUs per year, and otherwise, partial 
automation methods should be employed.

The main expense of automation is the 
equipment itself, however software and 
training costs can prove to be a significant 
secondary factor to consider. A port can 
have all the automation in the world, but 
without trained personnel to manage overall 
operations, this huge investment would 
prove less than optimal.

FUTURE 
PORT AUTOMATION 
ISSUES TO CONSIDER

Dr Kelly Weeks, Dr Mahdi Safa, and Prof Jeff Dyson; 
The College of Business of the Lamar University
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Another consideration is land. While 
automation does not aid in providing 
additional land for use, it can help optimize 
land usage. This is done by properly 
allocating this scarce and limited resource 
so as to maximize utility to the port. For 
instance, automation oftentimes is able 
to distribute and stack containers more 
precisely, thereby using a smaller footprint 
for the same amount of containers. 

Opponents of automation typically point 
to loss of jobs and high equipment costs 
as reasons to avoid automation.  This is 
based on a fallacious assumption that as 
automation reduces costs, volume levels 
will remain constant. In fact, efficiencies are 
realized ports can expect more volume and 
throughput, not less according to Michael 
Jones, Assistant Professor in economics 
at the University of Cincinnati. Therefore, 
overall job losses will not be as great as 
feared. It is possible that there will be no 
overall reduction in the workforce. As port 
volume and revenue increases while costs 
decrease the result is higher marginal profit. 
Therefore, from a strategic standpoint, the 
initial automation investment cost argument 
does not seem to hold water.

RESISTANCE TO AUTOMATION
Much has been made of the downsides of 
automation. Fearmongering has led to a 
belief that it will result in massive layoffs as 
machines take jobs that once required more 
human intervention. But while some job 
replacement will occur, it is more likely that 
the work shift to new types of jobs, more 
in the technology and other skilled fields. 
Does not non-automation related increases 
in productivity often reduce labor content? 
So, should ports abandon all means of 
improving efficiency as it may lower 
overall employment levels? Of course not. 
Such “doomsday” talk about automation, 
from naysayers, should be avoided unless 
relevant, hard evidence can be presented. 

Port labour on the West Coast of the 
United States is organized under a single 
union, the International Longshore and 
Warehouse Union (ILWU). The average union 
member in Oakland earns about $230,000 
per year in wages and benefits. These unions 
possess great collective bargaining power 
and are resistant to change, especially where 
automation in concerned.

While these unions advocate automation 
means that enhance safety without 
displacing jobs,  gaining safety through 
automation usually means a risk of some 
jobs being displaced. Nevertheless, great 
gains in productivity await ports that 
embrace automation. Interestingly, the US 
does not even place among the 16 most 
productive global ports. Furthermore, those 
who were rated best embrace port terminal 
automation options. 

SLOW PROGRESS
The US ports and terminals industry has 
been slow to fully embrace the possibilities 
of automation, but confidence levels in 
automation have recently been on the rise. 
This is partially due to growing use and 
acceptance of automation, in various forms, 
at non-US ports.

Port terminal automation is no different 
from any other form of technological 

disruption, which almost inevitably leads 
to displacement of some segments of the 
workforce. In the long run, 

however, technology ends up creating 
better jobs and expanded opportunities 
across broad spectrums of the economy. 
While many reports detail the various 
costs of implementing automation, what 
managers should truly consider is the cost of 
not using automation.
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In recent years there has been moderate 
annual growth in global container handling 
volumes – reaching around 700 million 
TEU in 2017. Meanwhile, the capacity 
of the world container vessel fleet has 
increased considerably to over 20 million 
TEU. Shipping lines are also increasingly 
operating in global alliances, giving them 
scope to optimize their services and increase 
their buying power. For container terminals 
this has resulted in noticeable reductions in 
handling rates, larger operational peaks and 
more idle time in waterside operations. 

Shipping lines and inland transportation 
companies now require terminals to 
increase their handling performance and 
provide predictable, shorter turnaround 
times.

In the big picture governments, 
port authorities and society at large 
are demanding greater environmental 
control, sustainable design and the use of 
renewable energy. The use of casual labour 
is diminishing and terminal operators are 

under pressure to provide good working 
conditions, appropriate training and labour 
contracts that are drawn up according to 
agreed, clearly defined regulations.

As part of this evolving path, the 
application of state-of-the-art electric 
drive technologies will be instrumental in 
building sustainable automated container 
terminals that can meet future business 
and societal demands. 

STATE-OF-THE-ART AUTOMATION
As of today, there are almost 30 terminals 
with a working automated container 
handling system, with (or without) 
automated horizontal transportation of 
containers, with centralized control systems 
and some kind of automated gate control 
incorporating features for automated 
container ID and X-ray inspection. The 
implementation of automation in terminals 
has developed slowly, despite the clear 
benefits from cost savings and predictable 
operations. 

At greenfield terminals, the majority 
of automated stacking yards have been 
realized with automated rail mounted 
gantry (ARMG) cranes in an end-to-
end, perpendicular configuration. In the 
Middle-East and Asia, the configuration of 
automated stacking yards is often a parallel 
lay-out arrangement with cantilever RMGs, 
allowing a remote-controlled interchange 
(waterside and interchange). 

Over a decade ago, a terminal operator 
in Australia installed an automated straddle 
carrier operation. In recent years two new, 
mid-sized terminals in Australia and one on 
the West Coast of the US applied automated 
straddle carrier technology. Most recently, 
the next logical chapter in the automation 
of container terminals using straddle 
carriers has begun at the Port of Auckland, 
New Zealand. Here 27 new, fully automated 
straddle carriers (A-STRADs) are being 
delivered, and 21 existing manual straddle 
carriers are being upgraded to automated 
operation so that they can work hand-in-

AUTOMATION 
AND ELECTRIC DRIVES
A POWERFUL UNION FOR SUSTAINABILITY 
Dr.-Ing. Armin Wieschemann, Senior Director of Global System Development, 
Konecranes, Düsseldorf, Germany
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hand with the automated straddle carriers. 
This highlights a key advantage of 

A-STRAD technology: the ability to convert 
existing, mid-size brownfield terminals to 
full automation. Every such terminal is a 
special case, however, requiring special 
study and measures. 

The main drivers for adopting automation 
are:
• Greater control over logistics, supporting 

priority-based scheduling and last-
minute changes

• More predictable and reliable 
operations, less dependence on the 
skills of crane operators

• Cost reductions, higher and more 
consistent service quality, less damage 
caused by accidents

• Reduced liability for injuries, reduced 
losses due to sickness, reduced 
vulnerability to labor shortages

To achieve full terminal automation, it 
is necessary to integrate the automated 
equipment and all of the related sub-
systems into one efficient, reliable 
automated terminal system. This is a major, 
complex challenge. In the early days of 
terminal automation, terminal operators 
themselves took on the job of integrating 
all of the various parts. Recent terminal 
automation projects have emphasized the 
need for a well-planned, well-structured, 
timely integration of all sub-systems 
and components. Computer simulation 
tools have proven to be of great value 
in the planning, testing, and personnel 
training involved in the successful go-
live of automated container terminals. 
Increasingly, terminals use specialized 
companies to do the integration. 

DEVELOPMENTS IN E-DRIVE 
TECHNOLOGIES
Many port authorities and governmental 
transportation bodies are increasing 
the pressure on container terminals to 
use sustainable and "environmentally 
friendly" technologies. This is prompting 
terminals to search for alternative drive 
technology for their container handling 
equipment. 

For automated stacking operations, 

container crane suppliers provide 
electrically driven automated rail-mounted 
gantry cranes (ARMGs) and automated 
rubber-tired gantry cranes (ARTGs), 
connected to the public electrical grid 
through busbar systems (RTGs) or cable reel 
systems via medium-voltage, flexible cables 
with optical fiber cores for high-speed data 
communication. 

For free running container handling 
equipment the diesel engine is still the 
dominant power source. For straddle 
carriers, RTGs (late 1970s) and AGVs (in the 
2000s), diesel-electric drive trains improved 
energy consumption, reliability and reduced 
maintenance costs (see figure 1).

The demand for better energy efficiency, 
emissions control and reduced fuel costs 
has resulted in the application of new 
technologies from other industries, such as:
• Energy recuperation through energy 

storage systems (e.g. batteries and 
super-caps in RTGs)

• Electric drive trains powered by on-
board batteries, a proven technology 
for electric forklift trucks, warehouse 
vehicles and, more recently, AGVs and 
certain terminal tractors

• Combustion engines fueled with 
“environmentally friendly” Compressed 
Natural Gas  (CNG) or Liquefied Natural 
Gas (LNG)

• Hybrid drives consisting of a combustion 
engine, a generator, a transmission, a 
smaller energy storage device and an 
electric motor

The big picture of terminal economics 
is very affected by fuel consumption per 
operating hour, fuel cost, maintenance cost, 
equipment availability and the cost of fuel 
storage, fuel supply and safety measures. 
In this respect, a fully-electric drive train 
offers by far the best energy-efficiency and 
lowest maintenance cost. Nowadays, there 
is great scope to design equipment along 
eco-efficient lines, reducing or avoiding the 
use of fossil fuels. This is strongly supported 
by recent developments in electric drive 
technology.  

Konecranes’ experience with diesel-
electric drive trains triggered the 
development of zero-emission, fully-electric 

drive trains, supplied with either lead-acid 
or Li-Ion batteries. The much better energy-
efficiency of fully-electric drives is another 
major advantage, when compared with 
diesel-electric drives, the overall energy-
efficiency is more than two times better. 
On top of that, battery-powered AGVs 
have zero energy consumption during 
operational stand-still periods.

The availability of large Li-Ion batteries 
for industrial mobile equipment will further 
increase eco-efficiency. Current lead-acid 
batteries have a charging efficiency of 72% 
which will increase to about 85% for Li-
Ion batteries. Battery technology has the 
built-in advantage of recuperating braking 
energy. The Li-Ion battery technology 
increases the recuperation rate to a great 
extent. 

To use AGVs heavily, a battery capacity 
of gross 360kWh is required, allowing 18-
20 operating hours after which the battery 
has to be charged or exchanged with a fully 
charged one. Up to 2015, the large battery 
capacity needed for AGVs could not be met 
economically with Li-Ion batteries. Today, 
large Li-Ion batteries have become cheap 
enough to use in AGVs. Lead-acid batteries 
have stayed in the price range of 100…160 
$/kWh, and Li-Ion-batteries have dropped 
to an acceptable 400…1200 $/kWh.

The high eco-efficiency of battery-
powered drives gives a 50% decrease in 
Greenhouse Gases (GHG), compared with 
diesel-electric drives when powered with 
conventional primary energy sources. 
Moreover, a fully-electric drive train will 
give zero emissions when powered by solar, 
hydro or wind turbine power.  

BATTERY CHARGING CONCEPTS
Continuous (24/7) terminal operation 
requires the exchanging or recharging 
of empty batteries. Recharging takes 6-8 
hours for lead-acid batteries and 1-2 hours 
for Lithium-Ion batteries, causing significant 
equipment downtime. There are two ways 
to ensure continuous operation:
1. Install quick-charge equipment and 

purchase more mobile equipment to 
compensate for equipment downtime 
during quick-charging. The quantity 

Figure 1: Konecranes container handling equipment (RTG, AGV, straddle carrier) 
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of additional equipment needed is 
determined by the ratio of battery 
recharging time to operating time.  
The quick-charge installations provide 
redundancy and their locations can 
be selected so as to minimize mobile 
equipment travel for charging purposes

2. Install a battery exchange station, 
preferably with automated battery 
exchange into and out of the mobile 
equipment (see figure 2). Due to the 
ratio of equipment investment/battery 
investment in the case of lead-acid 
batteries, this solution has proven to 
be more economical for container 
terminals as can be seen in four 
terminals recently equipped with some 
200 battery-powered AGVs

As of 2010, the Port Authorities of 
Hamburg, Long Beach and Rotterdam 
required sustainable designs for their 
terminal expansion projects. Some 
terminals in these ports selected battery-
powered AGVs for their automated 
waterside transport.

The selection of battery type and 
operating concept (battery exchange or 
recharging) was based on a total cost of 
ownership (TCO) approach that compared 
electric drives with diesel-electric drives, 
assessing the various electric parameters 
(battery type/size, charging provisions, 
operating time, planned outage algorithms, 
transformer capacities, peak loads, etc.).

In the last five years, the TCO comparison 
analysis of diesel-electric vs. fully battery-
powered vehicles clearly showed a much 
better result for the battery side. The 
reduced energy cost and the much lower 
maintenance cost strongly compensates for 
the slightly larger initial investment.

A first contract for the delivery of 25 Li-
Ion battery-powered AGVs and 6 automated 
quick-chargers for the fully automated CTA 
terminal in Hamburg is a new concept for 
battery-powered mobile equipment. A TCO 

analysis for this case was carried out. It 
was learned that the reduced battery cost 
of the next-generation Li-Ion batteries and 
the improved automated quick-charger 
design outperformed the current concept 
of lead-acid batteries and Battery Exchange 
Stations.

In the future, it can be expected that 
the Total Cost of Ownership results for 
battery-powered vehicles will become 
even more favorable.  The choice 
between lead-acid batteries and Battery 
Exchange Stations or Li-Ion batteries and 
automated quick-chargers depends upon 
many variables. Case-by-case, Total Cost 
of Ownership analyses will need to be 
carried out.  Both concepts are viable 
and valuable in transferring operations 
away from fossil fuels towards renewable 
energy sources.  

CONCLUSION
Regardless of automation, the container 
handling industry is increasingly focusing 
on electric drive technology in order to 
reduce costs and improve sustainability. 
This will increase the purchasing volumes of 
electric drive train components and reduce 
their cost. 

Li-Ion and other battery technologies will 
develop further and become even more 
applicable to large industrial vehicles. The 
development of Li-Ion technology is already 
very promising thanks to its short recharging 
time and greater capacity. However, the 
selection of battery technology type and 
size should always be made on the basis of 
a careful TCO analysis. 

It is to be expected that fossil fuel prices 
will steadily increase over the long-term 
due to growing scarcity and higher taxation. 
Therefore, we can expect a growing trend 
of investment in renewable energy sources, 
which will make it more economically 
feasible to transfer to fully-electric, battery-
powered drives. Today’s technology makes 

zero emission operation possible when the 
electricity is supplied from hydro, solar or 
wind power sources.

This paper is an abridged version of a longer 
paper available on the PTI website 
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Figure 2: Battery exchange station with 2 AGVs, rack feeder, battery chargers, battery rack and maintenance area
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THE BENEFITS
The current practice at container terminals 
is to manually remove twistlocks from 
containers – a time consuming activity. 
This process can be automated, which 
saves time, reduces risk at the terminal and 
contributes to a more efficient operation.

The removal of the twistlocks takes on 
average 15-20 seconds. When this process 
can be skipped, the cycle time of quay 
cranes can be significantly reduced. Besides 
this gain at the quay crane, the container 
positioning in the stack can be executed 
much faster also. In addition, the berthing 
process of the vessel should take less time, 
since the twistlocks for containers above 
deck don’t have to be manually unlocked. 
Together these effects help to reduce the 
turnaround time of the vessel.

This paper presents the quantified 
advantages of the automatic twistlock 
system for both container terminals and 
shipping lines. 

TWISTLOCK HANDLING
The handling of the twistlocks is a task that 
often causes injuries or casualties, since 

the operation usually takes place at the 
apron area of a container terminal or inside 
the hold of a vessel. The introduction of 
Semi-Automatic Twistlock Systems (SATL,) 
has partially automated the operations 
on-board (i.e. locking and unlocking of the 
cones), but dockworkers are still needed 
to place and remove the cones. 

In this context, in a fully automated 
container terminal, the twistlock handling 
will stay as a manual operation. Although 
part of the cost is reduced with the SATL 
system, the safety issue remains for the 
handling operations. In this paper the 
SATL system is referred to as the manual 
twistlock handling system. 

Automatic twistlock handling stations are 
mainly machines which operate electro-
hydraulically and are capable of automatic 
removal and mounting of twistlocks. The 
automatic twistlock systems (see Figure 1 ) 
are designed to fit into the corner castings 
of a container and require no manual labor 
to place or remove the twistlocks. 

The efforts in developing fully automatic 
twistlock handling operations are based not 
only on safety concerns, but on the interest 

to increase the productivity of container 
terminals and by extension, shipping lines. 

However, not every container on-
board a container vessel is equipped with 
twistlocks; the percentage of containers 
with twistlocks depends on vessel type, 
the layout of the bay, the types of port 
called at and the TEU factor. 

Our results from bay plans of five random 
vessels show that around 75% of the 
containers require twistlocks. However, in 
terminal simulations in order to compare 
it more accurately with manual twistlock 
handling operations, it is assumed that 
100% of containers require twistlocks. 
As a final step, a twistlock percentage of 
75% will be applied to determine the gains 
within this percentage.  

IMPACT ON CONTAINER TERMINALS
We have carried out simulation 
experiments to quantify the impact of an 
automatic twistlock system in a container 
terminal. Table 1 gives an overview of the 
background information of the terminal; 
the simulation model is configured based 
on these parameters. 

AUTOMATIC TWISTLOCK 
SYSTEMS
Dr Mi-Rong (Kimberly) Wu, Project Manager, TBA, Netherlands 
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The gain in cycle time of the quay cranes 
depends on the handling system of the 
terminal. There are various handling 
systems used over the world, however 
two of them are the most common and 
are used at about 70-80% of the terminals 
worldwide: RTG + TT, and straddle carriers. 

These two systems will be used to 
evaluate the impact of the automated 
container locking system, by excluding the 
twistlock handling and use a reduced time 
for positioning the container in the stack.

RTG+TT TERMINAL
When comparing a typical container 
terminal with RTG+TT, there are various 
changes applied to the automated 
twistlock handling operations:

• Twistlock handling time is omitted 
from TT handling cycle time

• Interchange time at stack drops 
(from 17 seconds to 6 seconds, only 
applicable for dropping containers)

• The twistlock handling time is 
omitted during the exchange with 
road trucks

STRADDLE CARRIER TERMINAL 
For straddle carrier operations, the model 
configuration information is as follows:
• Dedicated assignment of SCs to a QC: 

3/4 SCs per QC
• 23 SCs for landside pool
•  SC 1 over 3 operationsThe changes 

because of the automated twistlock 
handling operations are as follows:

• Twistlock handling time is omitted from 
QC handling cycle time

• The driving speed in the yard in the row 
is faster (increased from 20 km/hr to 22 
km/hr)

• The interchange time (including 
hoisting) at stack decreases (from 28 
seconds to 18 seconds)

• For delivery, the interchange time 
with road trucks (including hoisting) 
decreases (from 70 seconds to 63 
seconds)

KEY SIMULATION RESULTS
Generally speaking, the use of the 
automatic twistlock handling systems 
brings a positive effect to terminal 
operations for both terminal handling 
systems, which is mainly reflected by the 
net QC productivity. The benefit for the 
net QC productivity is higher for the SC 
terminal than for the RTG+TT terminal. 
This is because the twistlock handling time 
is only in the QC cycle in case of the SC 
operation. In the case of TT, twistlocks are 
handled in the TT cycle.

RTG+TT OPERATIONS
The simulation results show that with the 
deployment of an automatic twistlock 

handling system the net QC productivity 
increases, with 6 TTs/QC the benefit is 
higher than with 7 TTs/QC. 

STRADDLE CARRIER OPERATIONS
Similar to the RTG+TT operations, a higher 
net QC productivity is achieved with an 
automatic twistlock handling system; the 
benefit is more obvious with 4 SCs/QC 
than 3 SCs/QC. 

IMPACT ON THE NETWORK
Increased terminal performance will 
deliver benefits across the whole supply 

chain and to investigate this a typical 
example of an Asia-Europe sailing route 
(see Figure 3) is used. 

Figure 3 gives an overview of the ports 
visited in the network simulations; the 
sailing string visits 13 ports (the ports of 
Rotterdam and Bremerhaven are visited 
twice) and it crosses the Suez Canal. In 
Europe most of these terminals are SC 
terminals and in Asia all the terminals use 
an RTG-TT system. 

In every round trip on average 31,000 
boxes are exchanged. To check the effect 
on the schedule with different vessel 

Figure 1: Net QC productivity comparison between manual and automatic twistlock 
handling systems (RTG+TT operations)

Table 1

Parameter Value 

Annual throughput (TEU/annum) 1,000,000

TEU factor 1.63

Number of QCs 6

Figure 2: Net QC productivity comparison between manual and automatic twistlock 
handling systems (SC operations)
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deployment strategies (i.e. 9/10/11 
vessels), this schedule is also tested with 
different number of vessels in the string. 
In this case the schedule is extended from 
63 to 70 or 77 days.

The gain in net QC productivity found 
in the first part of the analysis of this 
study is one of the key input for the 
network simulation experiments. The net 
QC productivity gains were under the 
assumption that all boxes required twistlock 
handling; over here a percentage of 75% 
will be applied (50% of containers are with 
twistlock stored above deck, and 25% of 
containers below deck are with twistlock. 
Table 2 presents an overview of the gain in 
net QC productivity that was found.

Besides the gain in net QC productivity, 
an automated twistlock system brings 
the benefit of a smaller lashing crew 
under better safety conditions. Further, 
the berthing time can be reduced by 30-
60 minutes since the twistlocks of the 
vessels do not have to be released before 
discharge.

1.1 EXPERIMENT SETUP AND OVERVIEW
Figure 4 illustrates the main scenarios 
included in the network simulations, and 
Figure5 presents the experiment overview:

Table 2: Overview of net QC productivity gain

Terminal handling system Horizontal transport Net QC productivity gain (bx/
hr)

Input net QC productivity 
gain in network simulations 

(bx/hr)

RTG terminal
6 TT/QC 1.3 1.0

7 TT/QC 1.6 1.2

SC terminal
3 SC/QC 2.0 1.5

4 SC/QC 5.3 4.0

Figure 3: The Asia-Europe sailing string used in the Network simulation

Figure 4

Figure 5
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1.2 KEY RESULTS FROM NETWORK 
SIMULATION
In this study the assumption was made that 
all the vessels that are less than 2 hours too 
late for their window will be considered on 
time. The punctuality depends highly on the 
total round trip time. With 9 vessels a high 
gain of 8% extra of the vessels that are on 
time can be achieved with the use of an 
automatic twistlock handling system; with 
more vessels deployed the gain is marginally.

Because of the increased quay crane 
productivity and the reduced berthing 
time with the automatic twistlock handling 
system, the berth productivity for the 
vessels increases as well. The gain is the 
largest for the SC terminals because of a 
higher increase in QC productivity.

The increased vessel berth productivity 
also results in a shorter vessel time in port, 
which allows for steaming slower at sea 
and thus saving bunkering costs. To see 
full results on fuel consumption, vessel 
deployment and a summary of key network 
simulation output, revert to the online 
version of the paper on the PTI website.

CONCLUSION 
The twistlock handling process at most 
of the container terminals at present is a 
manual process which takes around 15-20 
seconds per container on average. When 
this process is automated, there is not 
only time saved but also the risk for the 
dock workers is reduced, consequently a 
more efficient operation can be achieved. 

The main objective of the study 
is to determine the benefits of the 
automatic twistlock handling system 
for the container terminal and liner 
shipping company. One of the currently 
available automatic twistlock handling 
systems is used to compare with manual 
twistlock handling system (SATL). In 
order to quantify those benefits a two 
steps approach is used: assessment of 
the gains on the container terminal, by 
quantifying the increase in quay crane 
productivity. Subsequently, the effects 
on amongst others fuel consumption, 
vessel punctuality and time in port were 
determined.
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1) GIVEN THE CHANGES IN THE PORT AND 
TERMINAL INDUSTRY IN RECENT YEARS, 
WHAT WOULD YOU SEE AS THE MOST 
DRAMATIC EVOLUTION IN THE SECTOR? 
The most dramati c evoluti on in recent 
years is the automati on of terminals. 
This started in the ports and will now be 
implemented step-by-step in other areas. 
For example, in the intermodal yards. 
Part of the technology which has been 
developed for the ports can be also used 
in intermodal faciliti es, new soluti ons for 
challenges need to be developed and then 
maybe it can also be used again in the ports 
to further increase effi  ciency and safety in 
the terminals. 
An example for this is the people and vehicle 

locator systems, which are implemented in 
several intermodal yards in North America. 
If people and vehicles are located and 
therefore protected, than that will be 
the next step towards a safer and more 
effi  cient and more automated yard which 
is of course also very meaningful for ports.

2) WE HAVE SEEN AND HEARD THAT THE 
PORT INDUSTRY IS QUITE CONSERVATIVE 
OVER RECENT YEARS WHEN THE 
OPPORTUNITIES OF AUTOMATION ARE 
RAISED; DO YOU BELIEVE THAT HAS 
CHANGED AT ALL RECENTLY?
The automati on topic has been seen 
diff erently all around the world. Automati on 
is key and will have a great infl uence in 

the way terminals are operated in the 
future. One diff erence is if automati on is 
implemented from the very beginning, as 
it is in greenfi eld projects, or if automati on 
needs to be implemented in an existi ng 
operati on, as in brownfi eld projects. This is 
also the reason why certain customers are 
more conservati ve than others are.

3) WHAT SHOULD TERMINALS BE LOOKING 
FOR WHEN PURCHASING A NEW ASC? 
Technically they should look at speeds 
and layouts that are doable. I think that 
when purchasing equipment, which will 
last at least 25 years plus, the lifeti me of 
components and maintenance eff orts 
should be considered as well. The right 
considerati on is total cost of ownership 
based on, for example 10 years of 
operati on. 
Interfaces between machines and other 
systems, for example IT systems, are also 
very important when purchasing ASC’s.

4) WE UNDERSTAND THAT KUENZ ARE 
TO IMPLEMENT THE FIRST AUTOMATED 
INTERMODAL CRANE IN GERMANY SOON, 
CAN YOU EXPLAIN A BIT ABOUT THAT TO 
US? 
The cranes in Germany are a mix of stacking 
cranes and intermodal cranes. The layout 
is similar to an ASC stack, however trains 
are served under the cranes as well. The 
unloading and loading of trains are done 
underneath the crane along the enti re 
length of the crane rail. The trucks are 
parked at each end of the block and trucks 
and trains are loaded and unloaded for the 
fi rst ti me fully automati cally, of course the 
terminals also have a stacking area which 
is served by the cranes. Remote operati ng 
stati ons are used to handle excepti onal 

DAVID MOOSBRUGGER
MANAGING DIRECTOR, KUENZ
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moves. 
The lift ing capacity of the crane is 75 
tonnes under the spreader; that is needed 
to handle special tank containers, the tank 
containers are fi lled with hazardous liquids 
which makes the enti re project even more 
challenging for Kuenz. 

5) WHAT CHALLENGES DO YOU FORESEE 
FOR THE INDUSTRY IN THE NEXT 10-15 
YEARS, WITH PARTICULAR REGARD TO 
THE LANDSIDE? 
Automati on needs to be implemented on 
ASC’s on the landside, which means the 
automated handling of trucks. The biggest 
challenge for automati ng this area are 
the diff erent chassis types. The safety for 
people is given with the Kiosk soluti on and 
therefore no problem for ASC’s with end 
loading possibiliti es. 
One big challenge in canti levered ASC’s 
layout will be, or are, the trucks, which 
park parallel to the rails. Locati ng the truck 
and protecti ng the truck driver to allow 
fully automati c loading / unloading of the 
container is a challenge and not solved as 
yet today. 

6) WHAT ARE THE KEY LESSONS YOU’VE 
LEARNED IN DELIVERING EQUIPMENT TO 
AUTOMATED TERMINALS? 
Interfaces to neighbouring machines are 
criti cal, especially on the soft ware side / 
IT side. Automati ng 80% of all tasks can 

be done usually without big problems; the 
next 10 % is much more diffi  cult. The last 
5-10% is the hardest and this costs a lot of 
ti me and money.
On the mechanical side it is important to 
opti mize the crane wherever possible, the 
possibiliti es to opti mize will come once a 
terminal is up and running. Therefore, it is 
important that the crane supplier and the 
customer regularly meet to exchange their 
experience. 
Do not think that a job is done once the 
cranes are handed over to the customer. 
In the future the IoT world will give us 
excellent possibiliti es to bett er understand 
and learn how exactly the cranes are used 
and then implement the fi ndings in future 
generati ons of cranes. 

7) IN WHAT PART OF THE WORLD DO YOU 
SEE THE BEST ADVANCEMENTS IN PORT 
TECHNOLOGY? 
Kuenz works only in Europe and North 
America, therefore we can only talk about 
those areas. Automati on has already been 
developed in Europe, the US is more 
conservati ve, but that is changing. In the 
last 3-5 years, several projects have been 
started in the US and some of those projects 
are now at least as advanced compared 
to projects in Europe. In the intermodal 
industry, some of those terminals are even 
more advanced than the ones in Europe, 
meaning that new technologies are tested 

the fi rst ti me in North America, once it is 
proven it will then be also used in Terminals 
in Europe. 

8) WHAT CAN WE EXPECT FROM KUENZ IN 
2018? 
In 2018, Kuenz will supply the fi rst two fully 
automated intermodal cranes in Europe; 
we will also install the newly developed 
ASC cranes with aerodynamic main girders 
in Tangier. The barge crane with the 
aerodynamic girder is already in use and 
the performance of the crane is excellent. 
Several more barge cranes with the same 
system will be installed in 2017 and 2018 in 
Europe and North America. 
Our next generati on of intermodal cranes 
also have the same design concept and 
two cranes are already in the testi ng phase. 
These will be handed over to the customer 
in early summer 2017. 
Once those cranes are installed the enti re 
Kuenz container crane fl eet is available 
with aerodynamic shaped girders. The 
concept has major benefi ts. For example, 
the cranes are lighter, the wind surface is 
much smaller and last but not least, they 
need less power. 
Besides that, Kuenz will also supply new 
products, for example a soft ware program 
that allows the customer and Kuenz to 
analyse and use the data from the cranes. 
The key is to make the data available for 
everybody, not only for specialists. 

KUENZ 
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We at Kuenz have witnessed worldwide 
success and we fi rmly believe this is 
based on a philosophy of innovati on, as 
our engineers consistently strive for a 
bett er alternati ve soluti on. In our industry, 
everything is in moti on at present – that 
is our slogan for Kuenz – and why we 
must constantly improve our products in 
order to off er an excellent product for the 
industry ti me and again. Subsequently, 
more than 25% of Kuenz employees have 
an engineering degree.

AUTOMATION IS THE FUTURE
The future in the container handling 
industry is automati on.  We know 
that the basis for a well working automated 
crane is a proper mechanical concept 
and key performance indicators. We 
measure these on the mechanical side 
(sti ff ness of the crane and rope tower), via 
intelligent travelling drive units, accurate 
manufacturing of all components and self-
adjusti ng systems (such as rope adjusti ng 
during lift ing). 

Maintenance costs and ti me is getti  ng 
more and more vital in automated 
terminals, so beside the cost, the human 
risk is increased when people need to 
enter an automated terminal to tend to 
cranes. 

Therefore, we have a long-term 
commitment to long lasti ng components 
and several developments have been 
made in the area of maintenance with 
regard to criti cal parts such as ropes and 
wheels. Patented soluti ons are  used on 
Kuenz container cranes, off ering a lifeti me 
of more than 10 years on wheels and more 
than 5 years for ropes.

KUENZ ASCS
In the past most of cranes have been 
operated manually. The fi rst automated 
cranes introduced by Kuenz were installed 
in Hamburg, with 52 automated cranes 
operati ng there since 2001. Stacking there 

is fully automati c and the interface zones 
are operated semi-automati cally. Other 
automati on projects carried out by Kuenz 
followed, and among those are the 56 
cranes for APMT MVII, 8 cranes for GCT in 
Vancouver and the 32 cranes for APMT in 
Tangier which will be delivered shortly. 

In recent years, the major challenges 
for stacking cranes in ports have been 
positi oning accuracy, interfaces to 
neighboring machines, speed and 
performance criteria. The stacking area 
has been fully automated, and the 
exchange area on the water and land side 
mostly semi-automated (depending on 
the layout of the terminal). 

Remote operati ng stati ons are used to 
do manual loading and unloading of trucks 
or other vehicles. Usually, approximately 5 
to 8 cranes per remote operati ng desk have 
been used in terminals. The newest Kuenz 
stacking crane generati on is equipped with 

sensors and cameras which are able not 
only to handle containers in the stack, but 
to load and unload containers to trucks or 
other vehicles. 

Cranes are therefore running fully 
automati cally for a very high degree and 
therefore it has been possible to reduce 
the remote operati ng stati ons from a rati o 
of 5 to 10 cranes per stati on to almost 25 
cranes per remote operati ng stati on. The 
mechanical concept has been opti mized 
to an ideal cost-performance rati o as 
described above – one indicator is that on 
the most modern Kuenz stacking cranes, 
only 4 service technicians are needed to 
maintain and inspect 50 cranes. 

The future challenge for stacking 
cranes in automated terminals will be 
in the opti mizati on of the product, fast 
integrati on possibility in existi ng terminals, 
and of course, implementi ng automated 
loading and unloading of trucks. 

A NEW DAWN FOR
CRANE TECHNOLOGY  
David Moosbrugger, Managing Director, Kuenz
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KUENZ INTERMODAL CRANES
The development of intermodal container 
cranes has been quite diff erent in the last 
20 years when compared with stacking 
cranes in ports. The challenges within 
intermodal yards have been the size of 
cranes, speed of cranes, sound levels and 
performance. Only in the last 5 years has 
automati on become a huge topic. 

Kuenz installed the fi rst remote 
operated container crane for intermodal 
use in 2005 for the Warsteiner Brewery; 
the crane is fully automated in the stack 
and is operated remotely above trains. 
The main challenge in implementi ng 
automati on in intermodal terminals is 
detecti ng and protecti ng people which are 
working in the yard.

People are constantly in the yard 
performing diff erent tasks, in North 
America it is mainly the locking and 
unlocking of IBC’s (twistlocks) and 
moving trains in and out. In Europe, 
the tasks where people are sti ll needed 
include train operati ons, but also 
inspecti on and maintenance. Therefore 
the key for automati on is detecti ng and 
protecti ng people so the cranes can 
work independently while people are 
performing tasks. 

Kuenz, with its supplier, developed a 

system which is able to detect people 
and constantly observe where they are. 
This system is based on a combinati on of 
a DGPS and RFID system. The systems are 
able to detect people and vehicles even if 
a line of sight is not available. A safety zone 
is built around the vehicles and people, 
and then the informati on is transferred to 
the yard controller, cranes and to the TOS 
system. 

All the systems have the necessary 
informati on and the cranes can be moved 
safely around people and vehicles to the 
fi nal desti nati on. Independent from the 
TOS and yard controller, the people and 
vehicle detecti on system can always stop 
the crane in case the crane is too close to 
a person or vehicle. 

The crane technology for fi nding the 
fi nal target (for example, the laser and 
camera systems) is heavily based on the 
stacking crane technology and therefore 
proven. Fields of development are the 
loading of containers onto rail cars and 
road trucks. 

Two intermodal yards in the US and 
Canada will go online later in 2017, the 
stacks are fully automated and the loading 
and unloading of trains and trucks is done 
remotely. The remote operati ng desk looks 
very similar to the ones used in the ports. 

The fi rst fully automated intermodal 

crane will be installed by Kuenz in 2017 / 
2018 in Germany. In this project, it is not 
only the stack that will be automated, but 
also the loading and unloading of trucks 
and trains. For excepti onal handling, a 
remote operati ng stati on will be used. 

The main benefi ts for customers include: 
more predictable moves per cranes, nicer 
‘offi  ce-style’ environment, and running 
hours from cranes evenly split. In the past, 
the middle cranes in intermodal terminals 
have seen the most hours of use because 
during off -peak ti me not all cranes have 
been operati onal.

The challenges in the future for 
intermodal terminals will be the loading of 
trucks and trains and, of course, opti mizing 
the people and vehicle detecti on system. 
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In the last two decades, multi ple emerging 
trends have guided the shipping industry, but 
one of the most noti ceable trends has been 
the increase in the size of containerships 
in response global trade growth and 
demand for massive capacity to transport 
containerized goods. Since 1968, the size 
of containerships has increased by 1,200%. 
This growth was slow back in the '60s and 
it took almost 30 years for ship capacity to 
double. But from 2000 to 2017, the size of 
ships has almost tripled from 8,000 twenty-
foot equivalent units (TEUs) to 21,000 TEUs, 
creati ng what we now call mega-ships. 

Another emerging trend is digitalizati on. 
The whole oceanic transportati on chain 
is moving towards connectedness and, 
as a result, it is collecti ng an enormous 
amount of data. Stakeholders need to take 
advantage of data to be more adaptable to 
disrupti ons, especially in the era of mega-
ships. It is essenti al to create proacti ve 
measures to react to sudden changes 
in container fl ow (e.g. weather, strikes, 

congesti on, and larger call sizes) with the 
goal of securing a resilient and sustainable 
transport network.

CONTAINER PORTS
Container terminals are important actors in 
the global mariti me supply chain. They are the 
nodes that connect all modes of transport. 
All containers throughout their journey from 
origin to desti nati on need to pass through 
them at least once. Although mega-ships 
bring benefi ts such as economies of scale, 
they require digging deeper channels, 
installing larger cranes, and increasing 
terminal congesti on. Furthermore, the 
available land in major terminals is becoming 
too scarce to accommodate the increasing 
number of incoming containers delivered by 
mega-ships.

To address such challenges, port 
authoriti es have considered expanding 
ports horizontally despite the expense 
of land reclamati on. Port of Rott erdam’s 
new Maasvlakte 2, the Khalifa Port in Abu 

Dhabi, and Hong Kong’s container port 
are few examples of horizontal expansion. 
On the other hand, most other growing 
container ports choose verti cal expansion. 
This involves stacking containers on top of 
each other in dense blocks using handling 
equipment like straddle carriers and gantry 
cranes. Stacking containers in multi ple ti ers 
oft en leads to reshuffl  ing, the removal of 
a container stacked on top of a desired 
container.

STACKING VS. RESHUFFLING 
In general, ships’ stowage plans determine 
the sequence in which containers must 
be retrieved from the stacking area. In 
the stowage plan of a ship, containers are 
usually sorted into diff erent classes based 
on their weights and ports of desti nati on. 
Stacking heavier containers in lower ti ers 
within a ship ensures the ship’s stability. 
Also, containers of nearby desti nati ons 
need to be in upper ti ers. So, to avoid 
reshuffl  ing, containers need to be stacked 

CONTAINER STACKING 
APPROACHES
FOR THE MEGA-SHIP ERA
Amir Gharehgozli, Department of Maritime Administration, 
Texas A&M University, Galveston, US
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in a reverse sequence. If the containers 
of multiple ships are stacked together, 
containers belonging to earlier ships should 
be stacked on top. 

Reducing the number of reshuffles 
is a top concern for stacking containers 
as reshuffling does not add value and 
can increase the turnaround time of 
ships. Reshuffling happens during the 
housekeeping, loading operations and 
when the ship’s arrival is delayed. Terminal 
operators try to limit the number of 
reshuffles by using a dedicated stacking 
policy which assigns a portion of the stack 
to each class of containers categorized 
based on their weight, ship, destination, 
and other factors. 

In light of the growth in international 
freight transportation, terminal operators 
are forcibly shifting toward a shared stacking 
policy in which containers of different classes 

are stacked together in multiple tiers. Under 
the shared policy and with a proper stacking 
method, the number of reshuffles while 
housekeeping and loading can be managed 
to a large extent, but the situation quickly 
deteriorates if any ship is delayed. Given 
the large call sizes of mega-containerships 
at terminals, there is an immediate need 
for new and robust stacking methods that 
account for ship delay. 

ANALYSIS OF DELAYS
It is the challenge of low probability, high 
impact risks; although some may even claim 
that it is not low but high probability. Based 
on the analysis done by CargoSmart on the 
arrivals of 587 vessels by 25 different carriers 
at the United States and South American 
ports, 32.9 percent were delayed more than 
12 hours, and 16 percent were delayed over 
24 hours. Mega-ships experienced even 

greater delays. The results in Europe are the 
same if not worse . 

A ship delay can have a huge impact 
on container handling operations in a 
container terminal. Many containers may 
need to be repositioned in order to access 
containers of other ships or free up space 
for stacking other containers. 

Our research investigates how to manage 
the risk and time lost in container stacking 
operations by estimating the expected 
number of reshuffles (ER) when a ship is 
delayed. Container terminals collect data 
on a daily basis. Computers record all 
ship arrival times, container movements, 
container handling equipment movements, 
gate arrivals, and all the other departures, 
arrivals and movements. Such databases 
can be used in order to forecast and 
mitigate disruption. Inspired by the credit 
risk models common in the banking system, 
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the ER is esti mated using probability of 
delay (PD), probability of delay of a ship, 
reshuffl  es given delay (RGD), magnitude of 
likely number of reshuffl  es, and call size at 
delay (CSD). 

HISTORICAL DATA
Each variable can be determined based on 
the historical data collected by terminal 
operators on ship arrival ti mes and the 
number of container stacking handlings 
performed to service each ship. In other 
words, esti mati ng each variable requires 
data mining huge container terminal 
databases. In some instances, external 
databases may also be necessary to get a 
holisti c picture. 

For example, esti mati ng PD requires 
defi ning and collecti ng data on variables 
such as ship size, shipping line, ship age, 
fuel type, fl ag of convenience, etc. Similar 
models can be built for the other two 
variables using a terminal’s internal and 
external data. 

One diffi  culty is that the data may be 
unavailable or the terminal may not be 
willing to provide the required data due 
to fear it will be used by the competi ti on. 
Furthermore, the variables esti mated based 
on the data of a specifi c terminal cannot 
be generalized to other terminals. To deal 
with these challenges, in our research, 
simulati on has been used to create all 
potenti al scenarios that can happen in a 
container terminal. 

STACKING POLICY 
Our analysis confi rms that choosing a 
proper stacking policy is an important 
decision. The stacking policy can range 
anywhere between a pure dedicated policy, 
where containers of a specifi c class are 
stacked on top of each other in each pile, 
to a complete shared policy, where each 
pile is shared by container all classes. In 
this spectrum, there is a trade-off  between 
accessibility of containers (i.e., the number 
of reshuffl  es) and uti lizati on (i.e., more land 
and space is required); the more dedicated 
the stacks are, the lower the number 
reshuffl  es and the lower the uti lizati on, 
whereas the more shared, the higher the 
number of reshuffl  es and the higher the 
uti lizati on. Our analyses show that the 

larger the probability of delay, the larger 
the expected number of reshuffl  e. Based 
on this fi nding, container terminals need to 
dedicatedly stack containers from shipping 
lines that have many delays to minimize 
the risk of reshuffl  ing. The same holds for a 
terminal where delays are longer. 

MEGASHIPS IMPACT RESHUFFLING
Additi onally, increasing the size of ships 
calling a terminal, from 10,000±2,000 
TEUs to 15,000±2,000 TEUs, increases the 
expected number of reshuffl  es. So, it is 
again suggested that containers of larger 
ships be stacked dedicatedly. A similar 
conclusion can be made for an increase in 
the call size of ships from an average 20% to 
30% of their maximum size. The fi nal point 
relates to the number of ships handled in a 
terminal. As long as the container terminals 
deal with ships that have fewer delays, the 
number of ships does not negati vely impact 
the container handling operati ons.
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With the turmoil of 2016 barely behind us, it 
could appear overly optimistic to attempt to 
forecast the industry’s developments as far 
into the future as 2025. That is nonetheless 
the focus of my new book entitled Liner 
Shipping 2025 – how to survive and thrive. In 
this paper I will offer a review of some of the 
key elements of the book. 

The industry is currently facing a 
fundamental transformation which will 
profoundly change the existing business 
models – and that this transformation will 
happen irrespective of the practical details, 
such as demand growth and freight rate 
developments. Let us contemplate four 
of the main driving forces: digitization, 
transparency, supply-chain dispersal and 
network optimization. The first two aspects 
will have overall ramifications for the 
industry, and the latter two aspects will 
have a significant impact on the container 
ports and terminals, where transshipment 
terminals will see material impact especially.

DIGITIZATION 
Digitization will drive a development where 
the entire information flow related to a 
shipment becomes fully automated end-to-
end, including the port and inland parts. The 
efficiency gains from this will be substantial, 
but are predicated on a more fundamental 
shift and results in the need to transform 
the business model. Shipping lines need 

to realise that to successfully navigate this 
transformation, digitization cannot be 
seen as an IT project. Surely IT is involved, 
but - more importantly - this requires the 
entire organization to embrace process 
management as the core way of governing 
the business. Only with process management 
firmly in place will it be possible to digitize 
and automate efficiently. 

However, in order to have a successful 
business, automation cannot stand 
alone. Automation in itself will serve to 
commoditise the industry even further, 
eroding competitive differentiation across 
the carriers. However, exceptions will always 
occur in the supply chain. We will continue 
to see weather-induced delays, port strikes, 
congestion, equipment malfunction and 
so forth. As such, carriers will have the 
possibility to use exception handling as a 
competitive differentiator. Doing this requires 
a transformation where standardized jobs in 
major service centers are eliminated due to 
the digitization and automation, but at the 
same time we will see an increased focus 
on having highly skilled customer service 
representatives in local offices to manage the 
exceptions.

By extension, this development will also be 
seen by ports and terminals. Not only from 
the perspective that a gradual automation 
will serve to reduce costs and improve 
efficiency, but equally so from the perspective 

that terminals will be able to add value to the 
carriers by proactively providing information 
necessary to improve both carriers exception 
handling, as well as enabling them to offer 
locally differentiated services. Taking this a 
step further, some ports and terminals might 
be able to use this to create informational 
value to the cargo owners directly, in turn 
creating shipper or consignee preference 
directly for specific terminals.

The future successful carriers and 
terminals are thus the ones who recognise 
that automation and exception handling 
are each other’s Siamese twin. Automation 
is necessary to achieve operational cost 
efficiency. Exception handling is necessary to 
achieve competitive differentiation in terms 
of customer service.

TRANSPARENCY
The second driving force we will contemplate 
here is transparency. An example of this 
is pricing transparency. We are currently 
seeing an increase in the availability of 
freight rate benchmarks in the market, and 
this development will continue to accelerate 
to the point where solid transparent 
benchmarks will be available in all major 
trades. 

Over the past few years this has caused 
headaches for the carriers. As an example, the 
Shanghai spot index has on various occasions 
been accused of being a contributing factor 

LINER SHIPPING IN 2025
Lars Jensen, CEO, SeaIntelligence, Copenhagen, Denmark
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to the volatile rate environment. Whilst 
this argument can indeed be made, the 
underlying main factor is that the pricing 
and yield management models used by the 
carriers have not yet adapted to a transparent 
environment. 

In the coming years, we will see carriers 
implement new, and more sophisticated 
pricing and yield management tools to 
successfully handle a more transparent rate 
environment for spot and contract rates.

Another example is supply chain visibility. 
As real-time visibility increases, a cargo 
owner is enabled to optimize his supply chain 
even further. A recent development is for 
example the introduction of live monitoring 
devices in reefer containers, allowing cargo 
owners to not only monitor where cargo is 
in real time, but also whether cargo remains 
within the necessary storage specifications. 

A range of pilot tests have been executed 
in recent years with similar tracking 
functionalities on dry containers, and this is 
likely to become the standard by 2025. As 
carriers are increasing their service levels on 
these parameters, ports and terminals will 
increasingly be expected to also increase the 
transparency and real time data provision 
pertaining to the supply chain while the 
cargo is in port.

SUPPLY CHAIN DISPERSAL AND NETWORK 
OPTIMIZATION
The final two elements we will contemplate 
here are of paramount importance to ports 
and terminals in general, and especially for 
transshipment hubs.

The recent historical development of liner 
shipping networks has been dominated by 
the emergence of key east-west trunk routes, 
driven by manufacturing in Asia, particularly 
China, and demand in Europe and North 
America. However, this pattern is gradually 
changing. 

On one hand, sourcing is becoming more 
distributed. Manufacturing is increasingly 
being placed in other Asian countries than 
China, and going forward, we are even seeing 
a gradual shift back to Europe and North 
America driven by an increased usage of 
robotics for manufacturing.

On the other hand, the demand is also 
becoming more dispersed. Populations 
in the main markets in Europe and North 
America are not growing as fast as they used 
to, and more importantly the population 
is aging which will tend to shift part of the 
consumption to services rather than physical 
goods. At the same time, the demographic 
changes in Asia and Africa will see the rapid 
rise of a middle class with a strong demand 
for physical goods.

All in all, this leads to dispersal in supply 
chain patterns as both the origins and the 
destinations for cargo transport becomes 
substantially more scattered than what is the 
case today. In order to manage this change in 

cargo flow, the carriers will gradually begin to 
change the way they design their networks. 
To some degree, this is a change we have 
begun to see over the past 12-24 months.

Understanding network dynamics is 
quite complex, and in order to facilitate 
quantitative modelling, Copenhagen-based 
LinerGrid has used a mathematical algorithm 
to understand how these changes in flows 
will impact ports and terminals in general.

Understanding the flow, and hence value, 
in a liner shipping network requires the ability 
to simultaneously optimize the following 
three key aspects: 
1. The total cost to operate the network, 

including the export/import and 
transshipment port and terminal costs 
incurred 

2. The ability of the network to be able 
to accommodate the full flow of cargo 
demanded by the carrier’s customers 

3. The ability of the carrier to reposition 
empty containers to the needed areas 
without incurring excessive costs and 
without creating bottlenecks in the 
network.

The LinerGrid model optimizes on all three 
elements at the same time.

Simultaneously, carriers are forced 
to design their network under a set of 
constraints. One of the most important 
constraints they face is the necessity to utilise 
the vessels they own. This leads to a situation 
where it is imperative to design a network 
resulting in the efficient usage of the new 
generation of mega-vessels, in turn resulting 
in a cascading of tonnage to other trades. This 
development in itself leads to the inexorable 
conclusion that all ports and terminals will be 
facing increased vessels sizes in the coming 
years – no matter how small they are today.

Another aspect which emerges from 
network modelling is the value of direct port-
port connectivity. Increasing the amount 
of direct port-port combinations will cause 
a carrier to obtain significant savings on 
feeders and transshipments. In the past 12-
24 months we have seen an increase in the 
amount of slow swapping agreements even 
across alliances, and this is likely to continue. 
The implication is that the transshipment 
incidence is likely to be reduced, even though 
the portfolio of vessels is becoming skewed 
towards the mega-vessels. This is a negative 
indicator for transshipment-heavy terminals.

Perhaps most importantly for 
transshipment terminals are the results 
shown in LinerGrid’s whitepaper from spring 
2017. Therein it is analysed how the number 
of key transshipment hubs used by a carrier 
(or alliance) in a region impacts the network 
efficiency. The conclusions coming out from 
the study are clear. An efficient network 
design will inexorably lead towards a situation 
with fewer, but much larger, transshipment 
hubs. An example of this is shown in the 
figure where three different networks are 

being compared using either a centralised 
setup with one hub in the middle of the 
region, a split setup with hubs at the east 
and west ends of the region and a diversified 
setup with three hubs (and hence shorter 
feeder distances) across the region. The 
savings associated with a stronger degree of 
network centralization are significant.

When this conclusion is combined with 
the consolidation form four to three main 
alliances, there is a clear pattern emerging 
for the container terminals in the coming 
years. Main transshipment hubs will face 
a situation where they will either be faced 
with a substantial increase in volume as they 
become selected as key hubs, or a situation 
wherein they might face an almost complete 
loss of their key transshipment volumes.

CONCLUSION
It is clear that a multitude of other 
fundamental changes will take place in 
parallel going forward. For the carriers and 
terminals, these are the formative years 
– especially as the transformation for any 
single stakeholder is a multi-year journey. 
This in turn means that the companies 
which manage to successfully navigate this 
transformation will be a strong position to not 
only survive, but thrive, in 2025. Companies 
which do not manage this transformation are 
unlikely to be part of the industry in the long 
run. 

ABOUT THE AUTHOR

Lars Jensen is CEO of SeaIntelligence 
Consulting and has recently published the 
book Liner Shipping 2025. Additionally 
Lars is founder of CyberKeel which focuses 
on maritime cybersecurity, LinerGame, 
which provides training, and of LinerGrid 
which provides advanced tools to optimize 
network design for container carriers.

ABOUT THE ORGANISATION

SeaIntelligence Consulting is a leading 
consultancy in the container shipping 
industry focused on providing strategic 
analysis and decision support, as 
well as leading insights into maritime 
digitalization, process improvement, 
revenue management and the application 
of advanced mathematical modelling.

ENQUIRIES

lars.jensen@seaintelligence-consulting.com 
www.seaintelligence-consulting.com/
Blog: https://www.linkedin.com/in/
larsjensenseaintelligence/

  EDITION 74: SUMMER 2017    67 

GLOBAL ISSUES GLOBAL ISSUES 



C

M

Y

CM

MY

CY

CMY

K



C

M

Y

CM

MY

CY

CMY

K



The much trumpeted container weighing 
regulation which exercised much of the 
freight industry last year is hoped to be 
the mere overture to a concerted effort 
to bring about significant behavioural 
change. This paper assesses the degree of 
compliance with the VGM regulation that 
has been achieved but also looks forward 
to what needs to be done to further ensure 
safety and sustainability in the global supply 
chain.

THE VGM RULING 
The new international regulations that 
clearly defined what comprises ‘gross mass’ 
for transporting packed containers by sea 
came into force nearly a year ago in July, 
2016. Then, it became mandatory for one 
of two weighing processes to be completed 
as a pre-condition for packed containers to 
be loaded on board a ship.  

It has thus far proven impossible to 
gather definitive information about the 
implementation around the globe of this 
SOLAS amendment. Anecdotes abound 
and do not immediately provide comfort in 
relation to material compliance.

RULE COMPLIANCE
Feedback from World Shipping Council 
members reported that 95% of shipments 
had a VGM value and there is little reason to 
believe that this will not continue to improve. 
However, some have cynically noted with 
amazement that the industry collectively 
learnt how to communicate a specific piece 
of information in just 24 hours between 30 
June and 1 July last year. Candidly, many 
recognise that it is impossible to rely upon 
the information given, albeit that nominal 
compliance has been achieved.

The stories include the apparent 
compliance in countries that, at the date 
of implementation, did not have a single 
calibrated weighing device. More worryingly, 
there are also plenty of stories that a 
significant percentage of declared VGM 
values are found on subsequent weighing 
of the packed container to be discrepant 
by more than 1 tonne. In addition, it is 
reported that voyage ‘deadloads’ (the 
difference between manifest weight and 
draft displacement measurement) have 
continued to be into 1,000s of tonnes.

Furthermore, there are rumours of both 

commercial and governmental obfuscation. 
In the first case, charges added for little or 
no action undermines stakeholder trust and 
relationships. For the latter, there have been 
reports of fines being levied, for example in 
relation to customs duties, where there has 
– entirely correctly – been a difference in the 
cargo weight declaration and the VGM value 
(which additionally takes account of the tare 
mass of the container unit, and dunnaging 
and securing materials).

ENFORCEMENT
Information is scant on any competent 
authority taking enforcement action in 
relation to the validity of the VGM value, 
but the inference is that many national 
governments are either too resource 
challenged or focused on more pressing 
regulatory issues. This would seem to 
compound the fact that in many states the 
maritime administration undertaking at the 
International Maritime Organization (IMO) 
to implement the amendment is not the 
government department charged at national 
level with enforcement.

Despite such anecdotal evidence, there 

THE VGM RULING 
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may be good reasons to be somewhat more 
positive about the progress made towards 
effective implementation of VGM globally 
in the months since July, 2016. These might 
include the fact that no incident attributed to 
weight mis-declaration has occurred during 
the period. There is little doubt that the vast 
majority of the supply chain industry is now 
aware that there is a specific requirement 
to communicate a mass value called VGM; 
this is no mean feat when considering the 
millions of shippers globally, albeit that 
the focus is on the much more focused 
waterfront interchange.

More importantly, a clear safety stake has 
been driven into the ground. Incrementally, 
the industry can continue to build out from 
this point with related safety and efficiency 
initiatives that will have the potential to 
restore something of utmost good faith 
through the supply chain. TT Club is already 
partnering again with Global Shippers 
Forum, ICHCA International and the World 
Shipping Council in order to promote 
awareness and active implementation of the 
CTU Code, outlining best practice in packing 
and securing cargo in freight containers, 
railcars and road trailers alike (all of which 
are Cargo Transport Units).

BIG DATA IMPACT
Developments in container scanning and 
garnering of ‘Big Data’ through digitisation 
offer increasingly realistic opportunities to 
ensure that the careful, the diligent, the 
safe trader will be ‘green-laned’, while the 
activities of the others (probably a minority) 
will be exposed and penalised. 

The cost of safety failures, however 
small the frequency rate, is always 
disproportionate; equally, the rewards for 
safe operations and practices generally 
accrue huge benefits. For those who, with 
integrity, are VGM compliant, well done. For 
those sailing close to the wind, beware the 
direction necessarily is changing.

CARGO INTEGRITY
TT Club believes that an insistence on 
accurate gross mass was merely the 
first step in achieving what it is calling 
'Cargo Integrity', not just within container 
trades but throughout the supply chain. 
The concept of ‘Cargo Integrity’ seeks 
to draw attention to other vital aspects, 
primarily related to ensuring that cargo is 
appropriately packed and secured within 
the carrying unit, whatever the type of 
cargo transport unit (CTU). 

The entirety of the packing process 
includes ensuring that the unit is both 
suitable and in good condition for the 
intended journey, correctly classifying and 
declaring the cargo that is packed, planning 
appropriate load distribution and making 
sure that all items are properly secured 

to prevent longitudinal or transverse 
movement during transport.

Due to heightened risk, transport of 
dangerous goods is a key focus within Cargo 
Integrity. Such goods make up an estimated 
10% of all containerised shipments worldwide 
but are implicated in more like 30% of 
incidents. As a result,  it is imperative that 
all stakeholders work together to safeguard 
people, cargo, assets, infrastructure and the 
environment from inherent risk as chemicals 
and other hazardous cargoes move through 
international supply chains. 

The varied aspects of Cargo Integrity are 
all important in not only safe-guarding the 
cargo itself but also the well-being of those 
handling the goods at warehouses, during 
inland transport, at ports and of course at 
sea. TT Club is committed to reducing the 
incidence of unstable loads causing traffic 
accidents or injuries when unpacking, and 
mis-declared dangerous goods causing fires 
both at warehouse facilities and at sea giving 
rise to unacceptable risks throughout the 
supply chain.

THE CTU CODE
TT Club has repeatedly publicised its 
findings that poor and incorrect packing of 
transport units contributes to some 65% of 
cargo damage claims, additionally causing 
injuries and fatalities, as well as damage to 
other property. The CTU Code is designed 
to address these fundamental issues, with 
in-depth guidance and information for 
all stakeholders in the supply chain - from 
shippers, cargo packers, forwarders and 
logistics companies through to road, rail and 
sea carriers, as well as ports and terminals. 

The Code legitimises the chain of 
responsibility for all stakeholders, providing 
a comprehensive framework to ensure cargo 
can complete the entire journey safely and 
successfully. The existence of the Code is 
testament that cooperation can create a 
valuable safety document; industry bodies, 

unions and governments all contributing. 
Nevertheless, TT Club urges a holistic 
perspective of siloed trade and fiscal practices 
that impede safety. Thus, while the industry 
must embrace and communicate this Code, 
using it in training and day-to-day operations, 
governmental stakeholders need to review 
how safety can be further enhanced. 
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The Northern Sea Route (NSR) is the term 
used by Russia to describe the sea area 
between Novaya Zemlya island in the west 
to the Bering Strait in the east and out 
to 200 nautical miles from shore. It also 
describes an area where Russia maintains 
a special regime for navigation, with 
reference to the “ice paragraph”, article 
234 in the United Nations Convention 
on the Law of the Sea that allows coastal 
states to regulate traffic on a non-
discriminatory basis in ice-covered areas 
within the exclusive economic zone to 
prevent pollution. 

Shipping companies using the sea route 
must apply to Russia’s Northern Sea Route 
Administration to enter or pass through 
the sea route area. The administration 
determines whether icebreaker escort 
is required or if the ship can navigate 
autonomously, based on ice class, season 
and ice situation. If escort is required, the 
shipping company or the cargo owner 
must negotiate conditions for escort with 

a Russian icebreaking company, in most 
cases state-owned Atomflot, currently 
operating four nuclear icebreakers.

In terms of navigation, the NSR is not 
one clearly defined linear route, but several 
possible routes within this sea area. Due to 
the shifting ice conditions along most of the 
NSR, the optimal route choice for vessels 
navigating the NSR will vary. Depending on 
seasonal, regional and annual variations in 
ice cover, vessels will sometimes choose 
routes close to the mainland, and other 
times routes through the many archipelagos 
or routes north of them. Navigation may 
also include stretches outside the 200 
nautical mile boundary. 

TRANSITS AND CARGO 
The Soviet Union developed the sea 
route for two main purposes: supplying 
settlements along the Siberian coast and 
bringing out raw materials and metals 
from the Russian North, especially from 
the vast mineral and metallurgical complex 

in Norilsk. International traffic between 
the Pacific and the Atlantic was very rare, 
and in fact the Northern Sea Route was 
opened for foreign vessels only in 1991. 
It took almost twenty years before the 
international shipping industry began to 
pay serious attention to the possibility of 
using the Northern Sea Route for transits. 
Interest was spurred by reports of a rapidly 
shrinking ice cover as well as improvements 
in Russian administrative routines. Lower 
icebreaker escort fees also helped. 

Whereas there were zero full transits 
in 2009, the following four years saw 
a rapid increase in voyages between 
the Pacific and the Atlantic, but only in 
relative terms. The absolute number of 
ships was very limited. In 2013, the year 
with the highest reported transit activity, 
there was only about 15 full international 
transits, i.e. from a non-Russian port to 
a non-Russian port via the NSR. In 2016 
there were 7 such voyages. An additional 
13 and 7 journeys in the same years 

SHIPPING ON THE 
NORTHERN SEA ROUTE
A NEW DAWN?
Arild Moe, Senior Research Fellow, 
Fridtjof Nansen Institute, Norway
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took place between ports in North West 
Russia (Murmansk, Arkhangelsk, Vitino, 
St. Petersburg) and the Pacific. 

The basic attraction of NSR transit is 
the shorter travel distance between ports 
in North East Asia and Europe, compared 
to the southern route to those places 
through the Suez Canal. The distance saved 
depends on the port of departure and the 
destination as well as the exact route, but 
sailings from Yokohama to Hamburg, for 
example, could be shaved of more than 
4,000 nautical miles, translating into sailing 
time reduced by a week or considerably 
more, depending on speed assumptions. 

The full international transits which 
have taken place have been dominated 
by bulk vessels, some tankers, reefer 
ships, and general cargo vessels. Quite a 
few have been ballast and repositioning. 
Undoubtedly, some of the transits taking 
place had an experimental character. 
The voyages from ports in Northwest 
Russia were dominated by oil products 
and chemicals up to 2013, but this traffic 
decreased as the cargo owners changed 
their logistics schemes.  

Even if transit on the NSR remains 
attractive for shipping operators moving 
some cargoes to some destinations, it is 
also clear that  the route has limitations: a 
short sailing season due to heavy ice for at 
least half the year; draft and thus ship size 
limitations, if vessels have to pass through 
certain straits; higher construction costs of 
ice class ships; unpredictable ice situation, 
even if there sometimes is no ice along the 
NSR in the summer season, ice may occur 
and delay transits; uncertainty of future 
escort fees.  Many of these limitations 
are particularly challenging for container 
traffic, less so for bulk. 

In 2016 various types of cargo was 
handled at altogether 19 ports in the NSR 
area. But there are only two fully fledged, 
advanced ports, Sabetta and Dudinka.

PORTS 
Sabetta has been under construction 
on the Yamal Peninsula since 2012. An 
important LNG development project has 
simultaneously been taking place near 
Sabetta on the eastern side of the Yamal 
peninsula. This is easily the biggest new 
industrial and port project anywhere in 
the Arctic and the development phase has 
been intense. Sabetta had some 550 port 
calls of ships with materials and equipment 
only in 2016. The port, which has become 
one of the biggest in the Arctic, has six 
berths with a total length of 1,300 meters 
and maximum draft of 11.5 meters. It has 
been a complicated operation because of 
harsh weather conditions and the need to 
remove some 70 million cubic meters of 
dredged material from the harbour as well 
as in the 5.6 km access channel. That work 
has been carried out by Usk Most.

The Yamal LNG company is owned by 
Novatek of Russia (50.1%), Total (20%), 
CNPC of China (20%) and the Chinese Silk 
Road Fund (9.9%). To transport the gas 
15 icebreaking LNG carriers have been 
specially designed and are being built by 
DSME in Korea. The ships will be operated 
by three joint ventures: A Sino-Greek, 
a Sino-Japanese and A Sino-Canadian, 
whereas one ship is fully owned by Russia’s 
Sovcomflot. The carriers, one every 40 
hours, will bring the LNG, which mainly 
will be sold in Asian markets, to Europe 
(Zeebrügge) for reloading in the winter 
season and directly to Asia in the ’summer’ 
when ice conditions permit sailing 

eastwards. The exact balance between the 
western and eastern sailing direction is not 
known, however. The carriers are designed 
to operate independently in the open sea 
areas, but there will be a need for nuclear 
icebreakers to keep a channel open along 
the Yamal peninsula large parts of the year, 
and port icebreakers for Sabetta are also 
included in the project. Production and 
shipments will commence in the autumn 
of 2017, increasing to an annual volume of 
16.5 million. tons of LNG by 2020. 

Initially the port will only serve the LNG 
project, but there are plans to build a 
railway line across the peninsula connecting 
the port to a railway line on the western 
side and further on to the southern parts 
of Siberia and the industrial centres there. 
If these plans are realised, Sabetta could 
become a significant container port. 

Further to the East along Russia’s 
northern frontier, Dudinka is the port at 
the mouth of the Yenisey River handling 
cargo to and from the inland mining 
and metallurgical production centre in 
Norilsk. The berths total 1,700 meters. 
The traditionally dominant cargo producer 
in the Russian Arctic, Norilsk Nickel, 
operates its own fleet of ice class vessels, 
transporting metals and ore from Dudinka 
to Murmansk or directly to European 
markets, expected to increase to 1.5 
million tons this year.

Another new port under development is 
Cape Kamenny, some 170 miles south of 
Sabetta. But this is basically a sea terminal 
for loading of oil from the oil project Novy 
Port.

Other ports in the sea route area are small 
and in poor condition, certainly not equipped 
to handle larger volumes of containers. 
The settlements along the Siberian coast 
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are small, but the ports are located at the 
mouths of big river systems connecting them 
to the interior. The combination of river and 
sea transport is well known in Russia. The 
resource base for new extraction projects 
exists, but development is slow. The volume 
of subsidized supplies transported by sea 
to remote ports and settlements is going 
down and being replaced by air and rail/river 
transport. 

FUTURE
It seems evident that the main activity 
on the Northern Sea Route in the coming 
years will be in its western part, connected 
to development and operation of large 
scale onshore resource extraction projects. 
In addition to the projects mentioned 

here, there is a potential for more oil, LNG 
and also coal projects. They will require 
substantial supplies of materials and 
equipment by sea, both from the east and 
the west, as has been seen with Yamal 
LNG. The outlook for international transits 
between the Pacific and the Atlantic is 
more uncertain. 

Schemes to overcome the sea route’s 
limitations are being discussed, notably the 
creation of a container shuttle through the 
Arctic with purpose-built ice class vessels 
and reloading at both ends. The commercial 
potential for such a route remains to 
be seen. Depending on the progress of 
investment projects connecting the coast 
with the interior, new opportunities for 
container traffic may emerge.

ABOUT THE AUTHOR

Arild Moe is a senior research fellow 
and political scientist at the Fridtjof 
Nansen Institute in Norway. Most of his 
research has been devoted to Russia and 
to developments in the Arctic. He has 
published extensively on Russian energy 
and Arctic shipping.

ABOUT THE ORGANISATION

The Fridtjof Nansen Institute (FNI) is 
an independent foundation engaged in 
research on international environmental, 
energy and resource management 
politics and law. The main disciplines are 
political science and international law, 
but FNI researchers also hold degrees in 
economics, geography, history and social 
anthropology, and have special language 
and regional competence on Russia and 
China. FNI's activities include academic 
studies, contract research, investigations 
and evaluations.

ENQUIRIES

Fridtjof Nansen Institute
P.O. Box 326, 1326 Lysaker, Norway
Phone: +47 67 11 19 00
E-mail: post@fni.no
Web: www.fni.no

S
ou

rc
e:

 N
or

th
er

n 
S

ea
 R

ou
te

 A
dm

in
is

tr
at

io
n

Table: Volume of cargo (both incoming and outgoing) handled by largest NSR ports 2016 
in thousand tons

Cape Kamenny 2,263

Sabbetta 1,574

Dudinka 1,059

Pevek 310

Cape Zeleniy 109

DIKSON 95

KHATANGA 64

INDIGIRKA MOUTH 56

TIKSI 46

NIZHNEYANSK 31

At Dudinka Port a river barge is loaded with containers for transportation up the Yenisei River 

76   EDITION 74: SUMMER 2017 WWW.PORTTECHNOLOGY.ORG

GLOBAL ISSUES GLOBAL ISSUES 



Dynamar has recently issued its Container 
Markets and Trades series and the fourth 
biennial edition of the East & Southern 
Africa Container Trades. Salient details 
and some of the interesting findings of 
this study are discussed in this paper for 
PTI. Dynamar’s biennial East & Southern 
Africa Container Trades studies alternate 
with similarly structured reports on the 
West Africa container trade, although they 
both cover Sub-Saharan Africa, two quite 
different trades are concerned. 

WEST AFRICA
West Africa is clearly moving in the 
direction of maturation. Compared to East 
Africa, ships are bigger, there are more 
carriers and there is a substantial presence 
of international port operators. Currently, 
112 box ships sail the core Asia-West Africa 
routes. Deployed by ten different carriers, 
their average capacity is 5,300 TEU, with 
the biggest ship measuring no less than 
13,100 TEU. 

The service employing the largest units 
is a veritable hub-and-spoke operation, 
connecting the Lomé hub with a large 

number of regional ports by feeder. Foreign 
terminal operators include APM Terminals, 
Bolloré, China Merchants, CMA Terminals, 
DP World, ICTSI, Portek and TIL Group. 

EAST AFRICA
East Africa still has some way to go 
compared to West Africa. With 2,900 TEU, 
the average of the 52 container vessels 
serving the area from Asia is little more 
than half the size of its West African sister. 
Including the largest 4,900 TEU unit, they 
are operated by nine different carriers. 

Hub and spoke is not practiced in East 
Africa. Hutchison Port Holdings (Dar es 
Salaam) was the single foreign terminal 
operator in the region until DP World 
started operating Berbera and sister 
company P&O Ports announced to develop 
Bosaso. Mombasa, the region's largest 
outlet, is operated by its port authority. 

GEOGRAPHICAL CONSIDERATION
In all fairness, East Africa is the smaller 
area. Including, in part, defunct Somalia, 
there are just three littoral countries 
with an overall 5,300-kilometre coastline 

along which six ports are being served. 
In addition, East Africa comprises seven 
landlocked countries. Total population 
across all countries is 317 million. The 
corresponding West Africa data reads: 20 
littoral plus 5 landlocked countries; 9,700 
kilometre coastline; nine ports served; 491 
million people.

DEFUNCT, BUT INCREASINGLY SERVED
Somalia may still be considered partly 
defunct, but evermore containerships are 
coming to its ports. Eight different services 
are concerned, operated by six carriers: 
CMA CGM, Emirates Shipping, MSC, PIL, 
Simatech and X-Press Feeders. Ports 
called at include Berbera, Mogadishu and 
Kismayo. The seventeen ships used have 
an average capacity of 2,000 TEU, ranging 
between 1,100 TEU and 2,700 TEU.

Berbera, an old port city and once the 
capital of then British Somaliland, is located 
in 1991-declared independent Somaliland. 
Although not recognized, it has been 
able to maintain a stable existence. Its 
neighbour is the semi-autonomous state 
of Puntland, self-governing since 1998. 

CONTAINER TRADES
OF EAST AND SOUTHERN AFRICA 
Dirk Visser, Senior Shipping Consultant, 
Dynamar, Netherlands 
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Bosaso, its mid-1980s multipurpose port, 
is not yet called by container services. The 
capital Mogadishu and, situated nearer the 
Kenyan border, Kismayo are the two more 
or less functioning ports of the (southern) 
Somali Republic. It seems as if, after falling 
back during the last few years, piracy is 
returning to the Horn of Africa. 

EAST AND SOUTHERN AFRICA
Despite South Africa's political turmoil 
and its year 2016 3.3% imports/exports 
decline, the country's fundamentals are 
still considered sound. Like other emerging 
markets, it should benefit from a stronger 
currency, lower inflation, declining interest 
and better economic growth. Commodity 
prices and mining exports are picking up 
and a recovery of reefer produce is in sight. 

Mozambique's capital Maputo is 
completing the construction of Africa's 
longest suspension bridge. The Maputo-
Catembe Bridge will connect with 
Johannesburg and Durban, amongst 
others. The fifty-seven metal deck parts, 
weighing 125 tons each, are being shipped 
in from China. 

Djibouti is not part of East Africa, trade-
wise. Nearly all fourteen services calling 
there do so as part of a larger Red Sea/
Middle East rotation. A separate write-

up in the report discusses the position of 
Djibouti as the all-important gateway to 
Ethiopia, together with all services profiles.

LANDLOCKED EXPENSES 
Sixteen of all Africa's 56 countries are 
landlocked. Their lifeline is the connection 
with the nearest seaport in an adjacent 
country. Inland transport is two-and-a-half 
times more expensive than ocean carriage. 
It means that the welfare of 228 million 
people in eleven East & Southern African 
countries is impacted as they pay more for 
their imports and get less for their exports.

As befits good neighbours, authorities 
in the coastal countries, often with the 
help of China or Japan-based investors, 
have initiated grand plans to develop new 
corridors. These come in addition to the 
many passageways already in existence 
some of which may be improved, 
expanded or extended. 

EYE-CATCHING CORRIDORS

TWO PLANNED CORRIDORS ARE:  

1. The Lamu Port-South Sudan-Ethiopia-
Transport corridor (LAPSSET) plans to 
connect the Kenyan UNESCO World 
Heritage port of Lamu with the countries 

stated through an 880km highway 
plus a 1,710km railway. The first of 
32 berths is slated for commissioning 
in 2018. Total costs include a 2,240-
km crude oil pipeline are estimated at 
US$24.5 billion, equal to 40% of Kenya’s 
2015 GDP. LAPSSET may ultimately be 
stretched to an equatorial land bridge 
touching the South Atlantic Ocean at 
Douala/Cameroon

2. The Mwambani Port and Railway 
Corridor Company (MWAPORC) plan 
includes a deep-sea port at Tanga/
Mwambani which handles bulk and 
18,000+ TEU box ships. An 8,500km 
railway is to link the Indian Ocean from 
Tanzania through Rwanda, Uganda and 
Congo D.R. all the way to Banana on the 
South Atlantic Ocean. And furthermore: 
water, gas and oil pipelines, airport- and 
railway cities. The costs? $30 billion

What the above two and similar other 
corridors have in common is delays, 
stagnation and a lot of external sceptic.

PORTS AND CRANES
The 42 services carrying containers on the 
global routes connecting with East Africa, 
the Indian Ocean Islands and South Africa, 
call at a total of 24 African ports. Just 10 
of these ports are equipped with STS 
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container cranes. This comes down to a 
crane density of 3.6 per port overall, or 8.7 
per equipped facility. Most STS gantries, 
25, can be found in Durban, with Mombasa 
following: 13 such devices. The Indian 
Ocean Islands have to do with just nine 
STS gantry cranes in La Reunion (four) and 
Mauritius (five). 

UPS AND DOWNS
Every continent with a great future has 
its ups and downs. The worldwide trade 
slowdown has also affected the Eastern 
and Southern African economies, albeit 
not all of them. South Africa, normally 
the larger area’s growth generator, is 
struggling. In contrast, Kenya is doing very 
well and Mombasa expects a throughput 
of 2.5 million TEU by 2020. 

Tanzania could barely exist without 
the World Bank, currently financing 30 

projects worth some US$4.3 billion. This 
sum includes US$690 million for a second 
container terminal to double Dar es 
Salaam’s capacity to 1.2 million TEU. 

Yes, politically troubled South Africa 
caused a decline of the overall trade by 
1% on-year in 2016, yet TEU volumes for 
Southern Africa as a whole are forecast to 
grow by CAGR 3.2% over the period 2015 
to 2020. For East Africa and the Indian 
Ocean Islands combined, the expected 
growth rate is nearly 10%. The overall 
number of full containers to be carried by 
2020 is anticipated to exceed 7 million TEU 
for the first time.

The 200-page East and Southern Africa 
(worldwide) Container Trades 2017 
report is immediately available and can 
be ordered for direct download at on the 
Dynamar website
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Port Country AREA 2016 TEU 2015 TEU 2014 TEU 2013 TEU 2012 TEU

Mombasa Kenya East Africa 1,091,000 1,076,100 1,012,000 894,000 903,400

Dar Es Salaam Tanzania East Africa n/a 683,600 612,600 553,900 507,200

Toamasina Madagascar Indian Ocean n/a 140,600 139,200 137,800 131,600

Port Louis Mauritius Indian Ocean 511,300 467,200 556,400 517,500 576,400

Port Reunion Reunion  (FR) Indian Ocean 324,700 249,700 241,000 213,000 221,400

Beira Mozambique Southern Africa n/a 211,000 211,200 184,000 170,000

Cape Town  South Africa Southern Africa 926,600 909,700 892,600 920,600 848,300

Durban South Africa Southern Africa 2,620,000 2,784,300 2,664,300 2,632,500 2,568,900

Maputo Mozambique Southern Africa N/A 140,900 134,000 127,500 101,200

Ngqura South Africa Southern Africa 571,400 661,300 705,400 774,800 574,900

Port Elizabeth South Africa Southern Africa 152,400 221,200 259,900 290,000 288,200

Walvis Bay Namibia Southern Africa N/A 386,600 359,500 334,400 334,400

5-year throughput of East and Southern African ports handling minimum 100,000 TEU
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“Ambitious CO2 reduction objectives will only be achievable 
with alternative, fossil free, marine fuels propulsion  
solutions which do not yet exist - although ICS expects 
these will be available in the not too distant future.”

Simon Bennett, Director Policy & External Relations, ICS, page 82



The shipping industry faces a number 
of significant challenges as society 
increasingly demands improvements 
in environmental performance. The 
International Chamber of Shipping (ICS) 
is engaged at the International Maritime 
Organization (IMO) on behalf of the global 
shipping industry on all three of the 
following environmental policy areas.   

REDUCING CO2 
IMO Member States will in June 2017 
begin to develop a strategy to reduce CO2 
emissions from the international shipping 
sector, in line with the ambitious spirit of 
the Paris Agreement on climate change. 
This historic agreement was adopted 
in 2015 by all 196 parties to the United 
Nations Framework Convention on Climate 
Change (UNFCCC) and entered into force in 
2016.  The intention is for IMO to agree an 
initial strategy to reduce greenhouse gas 
(GHG) emissions from shipping by 2018. 

ICS is confident that the IMO’s member 
states  can adopt a strategy by 2018 
that matches the ambition of the Paris 
Agreement, and also  agree upon a 
baseline year for peak CO2 emissions 
from shipping, allowing the sector to 
dramatically cut its total CO2.

ICS also believes that the IMO should 
adopt CO2 reduction objectives for the 
sector as a whole, rather than setting 
targets for individual ships, in the same way 
that governments have already agreed CO2 
commitments for their national economies 
under the Paris Agreement. Individual ships 
that are newbuildings will already have 
reduced emissions as they are required 
to be constructed to the Energy Efficiency 
Design Index (EEDI). But IMO also needs 
to agree measures for delivery of industry-
wide CO2 reduction commitments which 
ICS would like to see in place by 2023.

It is possible that IMO member states 
will conclude that any objectives agreed 

will not be achievable in the immediate 
future through technical and operational 
measures alone.  Accordingly, if IMO 
Member States should decide to develop 
an MBM, the clear preference of the 
industry is for a global bunker fuel levy 
charged per tonne of fuel purchased for 
consumption. 

In the event that IMO should decide 
to develop an MBM, any money 
collected from the industry must result 
with a reduction in the CO2 emissions 
attributed to the sector, with a significant 
proportion used for research into the 
development of alternative fuels that will 
allow shipping to drastically reduce its 
future CO2 emissions. 

IMO needs to establish CO2 reduction 
goals that will be sufficiently ambitious to 
allow shipping to play its part in achieving 
the United Nations ‘2 degree’ climate 
change target, but ICS believes these goals 
should also be realistic. 

RESPONDING TO 
ENVIRONMENTAL 
REGULATION 
Simon Bennett, Director Policy & External Relations, ICS 
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Ambitious CO2 reduction objectives 
will only be achievable with alternative, 
fossil free, marine fuels and propulsion  
solutions which do not yet exist - although 
ICS expects these will be available in the 
not too distant future. 

Widespread availability of alternative 
energy sources (such as hydrogen or fuel 
cells) and the associated infrastructure is 
probably not expected for at least another 
20 or 30 years. However, as a result of 
technical and operational measures that 
have already been taken, the sector’s total 
CO2 has already reduced by more than 
10% between 2007 and 2012.  

Additionally, projections for trade 
growth – over which the industry has 
no control, due to population growth 
and improved global living standards – 
suggest that dramatic reductions in the 
sector’s total CO2 emissions will be very 
difficult to achieve until these alternative 
marine fuels and technologies become 
globally available and affordable. In the 
meantime, ICS will argue that any CO2 

reduction goals agreed by IMO must also 
address the legitimate and valid concerns 
of developing nations about the potential 
impacts on trade and development.

BALLAST WATER MANAGEMENT 
ICS is committed to making IMO’s Ballast 
Water Management (BWM) Convention a 
success. ICS fully supports the intention 
of the BWM Convention, which is to 
address the problem of invasive marine 
organisms having damaging impacts on 
local ecosystems through their unwitting 
transportation in ships’ ballast tanks.

The IMO Ballast Water Management 
Convention will enter into force on 
September 8, 2017 

The Convention’s imminent entry into 
force presents ship operators with a serious 
challenge because of the expected lack 
of shipyard and manufacturing capacity 
needed to retrofit the new treatment 
systems on around 40,000 vessels over the 
five year period. 

It was adopted under huge political 

pressure back in 2004, when the 
technology required for ships to treat 
millions of gallons of ballast water simply 
did not exist outside of a laboratory. As 
a consequence, the enormous cost of 
installing completely unproven systems 
was dramatically underestimated, first 
by the manufacturers, and then by 
governments, who heard what they 
wanted to believe. 

The total current cost of ensuring 
compliance across the world fleet is 
estimated to be about US$100 billion. But 
after so many years of delay, the entry into 
force of the Convention should at least 
give shipowners some of the certainty 
needed to make important decisions about 
whether to retrofit the new equipment or, 
because of the prohibitive cost (US$1- 5 
million per ship), send older ships for early 
recycling. 

In October 2016, the IMO MEPC finally 
adopted revised and more robust type-
approval standards for ballast water 
management systems. These will be 
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included in what will soon become a 
mandatory Code for Approval of Ballast 
Water Management Systems – the previous 
‘G8’ Guidelines having been found by 
shipowners to be inadequate in a number 
of key areas. IMO has recommended that 
flag administrations apply these revised 
standards as soon as possible. However, 
they will not become mandatory for new 
system approvals until October 28, 2018 
and only systems being installed after 
October 2020 will be required to comply 
with the new Code. 

Because of the lack of confidence in 
the IMO type-approval process, and 
the previous uncertainty as to when 
the Convention would enter into force, 
very few existing ships have so far been 
retrofitted with the required ballast water 
treatment systems. But there is also little 
logic, from an environmental protection 
standpoint, in requiring thousands of ships 
to comply until they can be fitted with 
systems that have been approved under 
the more stringent 2016 standards. 

Following a welcome submission to 
IMO in 2016 by Liberia, the MEPC has 
begun consideration of whether the 
implementation schedule for installing 
ballast water management systems should 
be further amended, perhaps extending 
the date by which all ships must have 
installed a system to 2024 from 2022. 

The additional two years could be 
used to allow ships that would currently 
be expected to retrofit a ballast water 
treatment system by their first IOPP 
survey to delay the retrofitting until the 
date of their second IOPP renewal survey. 
If agreed, this would allow shipping 
companies to identify and invest in far 
more robust technology to the benefit of 
the environment. The MEPC is expected to 
take a final decision on the implementation 
schedule at its meeting in July 2017. 

2020 GLOBAL SULPHUR CAP
The IMO’s MEPC made a critical decision 
that will have profound implications for 
the economics of shipping In October 
2016. 

As expected by ICS, IMO confirmed 
that it will implement the global cap on 
the sulphur content of marine fuel on 
January 1, 2020 setting aside an option 
to postpone until 2025. This global cap is 
the requirement under Annex VI of the 
MARPOL Convention, adopted in 2008, for 
all ships trading outside sulphur Emission 
Control Areas (ECAs) to use fuel with a 
sulphur content not exceeding 0.5%. 

This decision is highly significant for 
the shipping industry because the cost 
of compliant low sulphur fuel is currently 
about 50% more than the cost of 
traditional residual fuel or bunker, and in 

response to the greatly increased demand 
by ships needing to comply by 2020 the 
price of low sulphur fuel may increase 
considerably. Residual fuel is that most 
commonly used by ships today when 
operating outside of the ECAs, which apply 
in North America and North West Europe 
(in which fuel with a sulphur content of 
0.1% or less must be used). 

Even if fuel costs stay at the current 
lower levels which have applied since the 
significant fall in oil prices in 2015, this 
mandatory switch to low sulphur fuel in 
2020 could mean that bunker costs will 
return to their 2014 peak. If by 2020, oil 
prices increase to something approaching 
US$70 a barrel – still well short of the 
2014 peak – it has been estimated that 
the differential between compliant low 
sulphur and residual fuels could still spike 
by as much as US$400 a tonne. 

Under the terms of the MARPOL 
Convention, IMO was obliged to conduct 
a study into the availability of compliant 
low sulphur fuel in order to allow Member 
States to decide whether the global cap 
should indeed be implemented in 2020. 
ICS was represented on the steering 
committee.

The IMO study concluded in October 
2016 that sufficient quantities of 
compliant fuel will probably be available 
in 2020. Although the supply of compliant 
fuel was projected by the IMO study to 
be tight – with some sections of the oil 
industry, amongst others, questioning 
the conclusion those adequate supplies 
of fuel will be available – IMO Member 
States nevertheless decided that it would 
be politically unacceptable to postpone 
implementation. 

Now that the 2020 date has been 
decided, ship operators and oil refiners 
need to prepare for implementation. The 
oil refining industry in particular will need 
to take important decisions to ensure that 
sufficient quantities of compliant fuel will 
indeed be produced. But governments 
need to monitor this carefully, since it may 
be in the refiners’ commercial interest to 
keep the supply of compliant fuel as tight 
as possible. It is important to remember 
that the IMO decision focused completely 
on the likely availability of compliant 
fuel and took no account of the possible 
purchase price. 

It is anticipated that due to the massive 
scale and global nature of the switch, 
oil refiners may be very hard pressed to 
supply sufficient quantities of 0.5% sulphur 
fuel, produced specifically for marine use, 
to satisfy demand in all regions from the 
day the global sulphur cap enters into 
force, January 1, 2020). 

As a consequence of these supply issues 
shipowners could take an alternative route 

deciding to invest in other compliance 
mechanisms (which are permitted by 
MARPOL) such as exhaust gas cleaning 
systems (‘scrubbers’) or the use of low 
sulphur fuels such as LNG. The decision to 
implement the 0.5% sulphur cap in 2020 
may also affect decisions on whether or 
not older and less fuel efficient ships will 
be sent for early recycling. 

As the implementation date for the 
global cap approaches, it will be vital for 
IMO Member States to start addressing 
issues associated with compliance, in 
order to ensure fair competition and the 
maintenance of a level playing field. 

Immediately after the MEPC decision in 
2016, ICS and other shipping associations 
submitted a joint paper to IMO highlighting 
those fuel availability and implementation 
issues that will need to be resolved 
before 2020. The industry paper was well 
received by governments at an IMO Sub-
Committee meeting in January, and work 
will continue on these critical issues at the 
MEPC meeting in July 2017 with a view to 
being completed by 2019. 

ABOUT THE AUTHOR

Simon has worked in the shipping 
industry for more than 20 years. A 
graduate of Oxford University he initially 
worked for the General Council of British 
Shipping as well as the International 
Support Vessel Owners’ Association 
(ISOA) and the International Maritime 
Employers’ Committee (IMEC). Simon has 
subsequently held various positions within 
the International Shipping Federation 
(ISF) and the International Chamber 
of Shipping (ICS) where he is currently 
Director of Policy & External Relations. 
Working for ICS, Simon has represented 
the global shipping industry at the various 
intergovernmental organisations which 
impact on shipping including the IMO, ILO, 
OECD, the UN, UNFCCC and the WTO. 

ABOUT THE ORGANISATION

The International Chamber of Shipping (ICS) 
is the global trade association for merchant 
shipowners. Its membership comprises 
national shipowners’ associations from 
36 countries representing over 80% of the 
world merchant fleet.

ENQUIRIES

Director Policy & External Relations
International Chamber of Shipping
Tel + 44 20 7090 1460 
simon.bennett@ics-shipping.org

84   EDITION 74: SUMMER 2017 WWW.PORTTECHNOLOGY.ORG

ENVIRONMENT AND SUSTAINABILITYENVIRONMENT AND SUSTAINABILITY

ENVIRONMENT AND SUSTAINABILITY
IN PARTNERSHIP WITH  

ENVIRONMENT AND SUSTAINABILITY
IN PARTNERSHIP WITH  



cavotec.com

MoorMaster™ automated mooring, shore power system, and Automatic Plug-in System 
for E-RTGs: just some of our innovative technologies that ensure ports worldwide operate 
safely, efficiently and sustainably. We call this inspired engineering.  

Automate and electrify 
your terminal.



Natural disasters, such as coastal 
hurricanes and rainfall flooding, can create 
major impacts on marine transportation. 
Ports and port cities will also be increasingly 
threatened by tsunami and climate-related 
sea level rise (SLR) by year 2100. This 
paper presents computer modeling and 
geospatial analysis of these natural disaster 
risks and resilience management strategy 
using a case study of Port city of Miami. 

Our computer simulations show that 
tsunami and sea level rise create more 
inundated land area than extreme 
rainfall flooding. They also indicate that 
a population of 1.42 million is at risk in 
metropolitan Miami and surrounding areas. 
Hardening of port infrastructure assets 
in the area is recommended to enhance 
resilience against coastal disasters and 
minimize supply chain disruptions. About 
90% of global imports and exports are 

facilitated through ports and over 70% of 
this travels aboard container ships. 

The American Association of Port 
Authorities (AAPA) reported that the US 
seaports move more than 99% of the 
country’s import and export cargo by 
volume and 65% by value. Coastal storms, 
hurricanes, cyclones, and rainfall flood 
disasters can halt  inland and marine 
transportation and supply chains, causing 
delays in processing cargo ships, destruction 
of port infrastructure, and adverse impacts 
on coastal communities. An average of 130 
ports have been struck each year by tropical 
cyclones in recent decades. 

SIMULATION OF COASTAL DISASTERS 
Flood risk maps for port infrastructure in 
Miami and surrounding areas were created 
using geospatial analysis and computer 
modeling simulating one-dimensional 

rainfall flooding, possible SLR or land 
subsidence, and possible tsunami.

The port docks were not inundated by 
rainfall flooding in the simulation because 
the port is located at 2 meters elevation 
on a small island surrounded by ocean, 
and rainfall in the port area flows directly 
to ocean without flooding the port docks. 
However, the water depth ranged from 0.2 
meters to 1 meters on  two bridge roads 
connecting the mainland with the port in 
the simulation.

This caused disruptions in ship processing 
as well as intermodal facilities at the port 
serving supply chain traffic of freight trucks 
and freight trains. 

Next, we conducted a computer 
simulation of SLR due to climate impacts 
using newly developed CAIT methodology. 
According to a study by National Oceanic 
and Atmospheric Administration (NOAA), 

NATURAL 
DISASTER RISK
GEOSPATIAL ASSESSMENTS FOR RESILIENT 
PORT INFRASTRUCTURE
Dr Waheed Uddin, William Tucker Stafford M.S., and Dr Quang Nguyen, Center for Advanced 
Infrastructure Technology (CAIT), The University of Mississippi, USA
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the global mean sea level may rise from 0.2 
to 2.0 meters by the year 2100. Therefore, 
the maximum value of 2 meters SLR was 
used for computer modeling and geospatial 
analysis of sea level rise using spatial map 
of several elevation ranges created from 
2-feet (0.61-meters) digital elevation model 
(DEM). After that a shoreline was created 
and 2 meters height seawater polygons 
were created for the entire study area. All 
the land areas in the ranges of 0 to 2 meters 
below the SLR polygons were classified as 
submerged land.

The 2 meters SLR simulation indicates 
that 411.96 km2, or 57.08% of land area is 
submerged by seawater, putting 1.42 million 
people at risk because they live or work 
in the floodplain. Some parts of the port 
docks and the roads connected to the port 
were submerged. Other important pieces of 
infrastructure such as the Miami International 
Airport, Interstate 95, and Interstate 395 were 
also affected by both extreme rainfall flood 
and 2 meters SLR simulations. 

The development of CAIT tsunami 
simulation methodology was based on the 
9.2 meter tsunami wave peak height (WPH)  
that hit the Kesennuma Bay in Japan on 
March 11, 2011. The 2 meter-high  tsunami 
WPH simulation results using the CAIT 
methodology, based on the 2011 Fukushima 
catastrophic tsunami data, are similar to the 
results of the 2 meters SLR for Maimi. Land is 
0.32% more submerged by both the tsunami 
and SLR simulations than by extreme rainfall 
flood. Such a Fukushima-style tsunami 
could potentially occur and reach US shores 
any time there is a strong earthquake in 
the Atlantic Ocean along the Eastern and 
Southern Coasts of the US.

RESILIENCE MANAGEMENT OF PORTS
Our research proposes a disaster resilience 
rating scale  for infrastructure assets 
including port infrastructures, where 
100 is the best and 0 represents building 
failure or collapse. The rating scale can 
improve timely and efficient emergency 
management, as well as prioritize different 
infrastructure asset groups for appropriate 
hardening strategies based on the type 
of disaster and associated risks. Due to 
higher cargo shipping demand and coastal 
disasters (storms, hurricanes, tsunamis) 
in future years, the port level of service 
will be degraded, as explained in detail by 
Nguyen. Timely resilience management 
is imperative for the docks and other port 
assets, bridges, rail, and road infrastructure 
in the flood risk areas in order to minimize 
disruptions in loading or unloading cargo 
ships and supply chain. 

To prevent future hurricane, tsunami, 
and SLR disasters as well as to protect 
infrastructures and communities in Miami, 
seawalls around port infrastructures should 

Figure 1 Extreme hydrograph from 1947 on right and flood simulation results on left. The flood 
simulation results indicate that 409.64 km2, or 56.76% of the land area, are inundated, and 
1.42 million people are at risk because they live or work in the floodplain

Figure 2. Spatial map of 2 meters SLR simulation overlay on DEM elevation map,
Miami and surrounding areas, Florida
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be raised to at least 2 meters high with flood 
gates. Innovative materials such as sheet 
piles made from fiber-reinforced plastic 
could be used for constructing seawalls, as 
shown in our value engineering study.  

The results presented in this paper can 
be used by both Miami port authority 
and city authorities to assess coastal 
flooding risks. They may also use it to plan 
infrastructure hardening and safeguard 

against extreme weather events and 
other coastal disasters. Timely resilience 
management can help to minimize 
disruptions of port operations and 
maintain a sustainable supply chain. 
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Figure 3. Spatial map of 2 meters tsunami WPH simulation overlay on Landsat-8 imagery,
Miami and surrounding areas, Florida
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“If seafarers have been managing operational and 
business risks since the Phoenicians traded their purple 
dye, the increasing use of cyber technology promises vast 
unchartered waters.”

Captain Andrew E. Tucci, U.S. Coast Guard, page 90

SECURITY, SURVEILLANCE 
AND DETECTION



Shipping is an industry as old as history 
itself. The ancient city of Troy, located at 
the mouth of the Dardanelles, shows that 
regular maritime trade occurred at least 
5,000 years ago. If seafarers have been 
managing operational and business risks 
since the Phoenicians traded their purple 
dye, the increasing use of cyber technology 
promises vast unchartered waters. 

Cyber technology is the use of computer 
or digital systems to store, manipulate, or 
transmit data, or potentially to control or 
monitor physical processes or conditions. A 
key aspect of cyber technology is that cyber 
systems can be connected to other systems, 
providing an opportunity for unauthorized 
persons to intercept, access, or change 

data and the underlying software. Cyber 
security is concerned with maintaining the 
confidentiality, integrity, and availability of 
this data. 

However it is defined, cyber technology is 
ubiquitous in society and is slowly but surely 
making its way into the traditional world of 
shipping. From digitized bills of lading and 
letters of credit to the navigation, propulsion, 
and cargo systems onboard ships, cyber 
technology is now a mandatory part of 
port and ship operations. Many companies 
are rapidly adopting the next generation of 
cyber technology in the form of big data, AI, 
predictive analytics, and improved real time 
cargo tracking via the “internet of things”. 
Autonomous ships will soon move from the 
drawing board to the shipyard. Driverless 
electric trucks already move containers 
across terminals in many ports. 

Vessel and facility operators recognize 
that while cyber technology brings many 
benefits, it also represents significant 
security challenges. The International 
Maritime Organization, via the Maritime 
Safety Committee, recently adopted 
interim guidelines on maritime cyber risk 

management [1]. In the United States the 
U.S. Coast Guard, under the authority of 
the Maritime Transportation Security Act 
(MTSA), establishes security standards and 
requires port facilities to develop security 
plans for port facilities. These plans enable 
the US to comply with the International 
Ship and Port Facility Security (ISPS) Code. 

While these plans have traditionally 
focused on physical security risks, the need 
to address cyber vulnerabilities has been 
apparent for some time. Computer-enabled 
systems control gates, verify the legitimacy 
of people and cargo entering a terminal, 
monitor for unauthorized persons and 
hazardous substances, and play a key role 
in routine and emergency communications. 
The growth of the Internet of Things, and 
anticipated 5G networks will compound the 
integration of cyber and physical security.

The US Coast Guard has required that 
MTSA regulated vessels and facilities to 
report cyber breaches that impact physical 
security systems since 2013. For example, 
if a facility uses cyber technologies to 
control access to the facility, operate 
security cameras, control cargo movement, 

CYBER RISK MANAGEMENT
PREPARING FOR NEW OPERATIONAL RISKS

Captain Andrew E. Tucci, U.S. Coast Guard, Commander, Sector Long Island Sound, 
Captain of the Port Long Island Sound (COTP), Federal Maritime Security Coordinator (FMSC)

In addition to numerous attacks on 
business systems, the Coast Guard is aware 
of cyber incidents impacting operating 
systems in the maritime industry, including 
cargo systems, navigation (ECDIS) systems, 
and the deliberate exploitation of cyber 
enabled security cameras.

90   EDITION 74: SUMMER 2017 WWW.PORTTECHNOLOGY.ORG

SECURITY, SURVEILLANCE AND DETECTION



or communicate emergency or security 
information, then an attack or unexplained 
failure on these systems must be reported. 
These reporting requirements are no 
different than if non-cyber versions of these 
systems were compromised.  

MTSA regulated facilities may report 
cyber incidents directly to the National 
Response Center at 1-800-424-8802, or, 
alternatively, to the National Cybersecurity 
Communications Integration Center 
(NCCIC). Reporting alerts authorities 
to possible threats and is part of the 
information sharing that is crucial for any 
effective cyber security regime. 

The Coast Guard has also been working 
with the industry, including the American 
Association of Port Authorities, to identify 
and promote cyber best practices. Among 
these is the Cyber Security Framework 
developed by the US Department of 
Commerce’s National Institute of Standards 
and Technology (NIST). A detailed 
explanation of the Framework is beyond 
the scope of this paper, but it is built around 
the following core functions:
• Identify – Identify the software, 

hardware, users, and governance 
structure that make up an organization’s 
cyber systems 

• Protect – develop and implement 
appropriate safeguards to ensure the 
integrity of cyber systems

• Detect – Develop and implement 
activities to identify the occurrence of a 
cyber security event

• Respond – Develop and implement 
activities to take action once a cyber 
security event is detected

• Recover – Develop and implement 
activities to promote resilience and to 
restore any capabilities or services that 
were impaired due to a cybersecurity 
event

The United States Computer Emergency 
Readiness Team U.S.-CERT and other 
organizations provide information, 
standards, and best practices to promote 
cyber security. In 2015, the US Coast Guard 
held a public meeting in Washington, DC 
to seek input on more formally integrating 
cyber risks into MTSA security plans for 
facilities. The Coast Guard is developing 
guidelines to help facilities accomplish this.

MANAGING CYBER RISK
Securing computer technology is not 
and should not be seen as a stand-alone 
problem, but simply as another of the 
many risks the marine industry manages 
daily. As with other types of risk, cyber risks 
can be managed well or badly, but can’t 
be eliminated. Understanding the unique 
aspects of cyber risk, and how cyber and 
physical risks can interact, is the key to a 
successful program. 

Risk is commonly thought of as a product 
of threat, vulnerability, and consequences. 
Cyber technology changes each of these 
factors.
• For physical threats, the number of 

threat vectors to a ship or a port terminal 
is limited, since a certain degree of 
sophistication is needed to present a 
credible threat. Furthermore, those 
threat actors must be close to their target 
before launching an attack. In contrast, 
cyber threat actors are legion and can 
operate from anywhere in the world 

• Physical vulnerability is limited to the 
fence line of a facility, or the gunnel of 
a ship. In the cyber domain, every new 
system constitutes an increase in the 
surface area vulnerable to attack or 
misuse. A newly installed wireless printer 
doesn’t add to a facility’s perimeter 
fencing, but it is vulnerable to cyber 
attack. If that isn’t enough, it is surely 
connected to multiple systems, which 
have connections of their own. Cyber 
vulnerabilities increase exponentially 
with the number of connections 

• Cyber technology poses an equally 
alarming increase in possible 
consequences. All those systems that 
the new device is connected to are not 
just access points – they do something 
important. When they fail, it matters

Another important aspect of cyber risk 
is that it is effectively invisible. A gap in a 
fence or an unguarded brow is obvious to 
even untrained observers, but a software 

flaw or missing security update can’t be 
seen – except by hackers and by well 
trained, vigilant, cyber security experts. 
Even after a breach occurs it is hard to 
detect; it is often 6 months or more before 
an organization becomes aware that they 
have been hacked.  

CYBER AND PHYSICAL RISKS
Cyber risks are not independent, isolated 
vectors – in many cases they can have a 
synergistic impact with physical security 
risks. For example, a cyber-enabled security 
camera, if hacked, could significantly 
increase the vulnerability of a marine 
terminal to a physical attack or criminal 
intrusion. Undetected physical intrusion 
could, in turn, allow for the installation of 
keyloggers or similar devices that would 
allow for increased cyber access. If a 
computer controlled alarm system failed, 
employees would not be alerted to a fire, 
physical attack, or other emergency.  In 
these ways, cyber vulnerabilities can 
magnify the vulnerability or consequences 
of a non-cyber event. 

Cyber technology associated with the 
Internet of Things (IoT) is one area where 
seemingly minor cyber risks can combine 
with physical systems to create substantial 
risk. The use of IoT devices is growing, 
including devices such as cameras, gate 
controls, traffic lights, scales, alarms, and 
environmental monitors routinely found 
in ports. IoT falls into a middle ground 
between business systems and industrial 
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control systems, and as such may be 
overlooked by an organization’s cyber 
management structure.  

It is important for organizations to 
recognize this relationship between cyber 
and non-cyber risks, and to ensure their 
cyber and physical security cultures reflect 
the same degree of integration as their 
cyber and physical security systems. If, as 
in many organizations, cyber security is 
managed at the corporate headquarters 
level while physical security is managed at 
the operational level, then the organization 
needs to take positive steps to integrate 
those structures, close oversight gaps, 
and bring all skills and perspectives into 
identifying and reducing security risks. 

The Coast Guard encourages prudent 
mariners and waterfront facility operators 
to consider assembling a diverse team of 
safety and security professionals, including 
port operators as well as IT specialists, to 
fully understand the risks, and to find the 
best and most cost effective solutions. 
While there are many technical standards 
that may be appropriate, a holistic 
approach will likely find effective training, 
operational and administrative solutions 
and will promote an integrated approach to 
cyber risk management.

Port communities as a whole should also 
collaborate on cyber and other security 
risks. US Coast Guard Captains of the Port 

chair Area Maritime Security Committees 
in port areas across the country. These 
committees include the private sector as 
well as federal, state, and local agencies. 
Addressing cyber as well as physical threats, 
they share best practices, plan for security 

events, and conduct exercises. While cyber 
security is a significant challenge for the 
maritime industry, it can be managed 
through collaboration among the many 
professionals who work on ships and in 
ports every day.
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The IT infrastructure of ports, comprising 
hard- and software assets of the companies 
engaged in transport and goods handling 
in the maritime supply chain, is particularly 
vulnerable in the present day. Ports are 
located at the interface of information flows 
from many different users and countries that 
access and exchange capabilities for digital 
information. Every data interface means a 
potential threat in form of a possible entry 
point for unplanned access to the systems 
behind. The ongoing digitalization will result 
in even more complex and a higher degree 
of networked IT-systems and so will the 
number of electronic interfaces to business 
partner systems in supply chains increase, 
which cannot be supervised and controlled 
by the single company. 

In order to ensure that these processes 
and interconnections don‘t allow malware to 
shut down operations or allow manipulation 
of data for illegal purposes, a solution to 
identify threats along the supply chain is 
urgently needed. Although not many cyber 
incidents concerning the maritime supply 

chain are reported, due to the fears of the 
involved companies with regard to damage 
to their reputations (or maybe even worse 
due to a lack of knowledge and awareness), 
the following incidents show the bandwidth 
of possibilities:
• Containers containing drugs were misled 

without early recognition
• Customs systems were shut down, 

stopping operations for hours, probably 
to press ransom

• The disruption of the GPS-signal stopped 
operations of vessels as well as of 
terminal cranes that store and locate 
containers basing on GPS for the same 
reason

• Piracy attacks use AIS-signals to identify 
vessels and hack into the shipping 
companies systems to identify their 
loaded goods 

• May 12, 2017: Global ransom ware 
campaign known as “WannaCry” was 
detected, affecting various organizations 
with tens of thousands of infections in 
over 150 countries

CYBERSECURITY IN CHANGING LANDSCAPE
The Verizon Data Breach Report 2017 
illustrates that the transportation sector 
still lies not in the focus of cyber attackers. 
Of the more than 42,000 incidents of data 
breach reported only 63 took place in the 
transportation sector. Nevertheless, experts 
assume that the growing connections of 
digital assets due to the development of the 
internet of things and maritime 4.0 solutions 
will enable more, easier and more effective 
cyber-attacks. 

A global study among risk managers and 
risk experts rated cyber incidents as the 
third highest business risk worldwide for all 
sectors and are expected to become the 
highest business risk in the future. In Europe 
cyber risks are rated as the second highest 
and in Germany as the highest business risk. 

Now how do attackers find the way 
into digital assets despite existing security 
shields? Three quarts of breaches were 
perpetrated by outsiders, regarding the 
Verizon Report. Thereof, more than 60% 
were featured by hacking into the system, 

DETECT AND CONTROL 
CYBER RISKS
IN THE MARITIME SUPPLY CHAIN
Claudia Bosse, Scientific Researcher, and Martin Stamer, Scientific Researcher, 
Fraunhofer CML, Hamburg, Germany
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meaning more than 80% of the incidents 
use of stolen or weak passwords. Another 
common way to avoid the installed security 
systems is the installation of malware via 
emails. 

These breaches are tackled by security 
guidelines, e.g. from the Baltic and 
International Maritime Council (BIMCO). 
They provide effective advice and awareness-
rising posters for the use on board show 
the need, but also the chances to avoid the 
biggest part of incidents by giving striking 
rules for the use of passwords and private 
communication devices. 

REGULATIVE MEASURES 
Firstly, the International Ship and Port 
Facility Security Code (ISPS) was launched by 
the IMO in 2002. The ISPS Code consists of a 
comprehensive set of measures to enhance 
the security of ships and port facilities. ISPS 
deals with the issue of IT security only on a 
rough overview level and does not provide 
distinct methods, tools or roles. However, 
it is stated that for ship security and port 
facility security, IT as such should be used 
in order to identify and take preventive 
measures against security incidents.

The Information Security Management 
System (ISMS) is a standard that specifies 
requirements for the establishment, 
implementation, monitoring and continuous 
improvement of information security in 
organizations. To do so, the ISMS provides an 
overall management and control framework 
for an information security risks and is 
defined in ISO/ IEC 27001.

ICT systems of ports are classified ‘Critical 
Information Infrastructures’, because ports 
are very important for the unrestricted 
supply, trade and economy of a country. 
In July, 2016 the EU adopted the Network 
and Information System (NIS)-Directive. The 
directive aims to reach a common level of 
security of NIS in the EU. This process shall 
be supported by the European Union Agency 
for Network and Information Security 
(ENISA) and protected by Computer Security 
Incident Response Teams (CSIRT).

Further, the IMO issued interim guidelines 
on maritime cyber risk management in 
2016 and the US promotes Information 
Sharing and Analysis Organizations ISAO, e.g. 
the Maritime & Port Security Information 
Sharing and Analysis Organization. Not least, 
the International Association of Classification 
Societies (IACS) in shipping reacts to cyber 
threats with a cyber-systems panel that was 
installed in 2016. The focus of this panel lies 
on the early development of cyber resilient 
onboard systems.  

Still, the above description of regulation 
and guidelines cannot be exhaustive as there 
are more national initiatives and specific 
guidelines than can be illustrated here. 

MITIGATE 
Obviously, stakeholders in the maritime 
supply chain are aware of threats, and 
the framework to act is set. This is why a 
consortium of companies from the software 
industry, academia and port authorities 
joined together to find a solution.   

The project partners of MITIGATE 
(Fraunhofer, University of Piraeus Research 
Center, Austrian Institute of Technology, 
Maggioli, SingularLogic, Valencia Port 
Foundation, Ports of Piraeus, Ravenna, 
Livorno and Bremen, dbh Logistics IT, and the 
University of Brighton:  The project receives 
funding from the European Commission) 
have developed a dynamic software solution 
which allows ports, logistics or administration 
companies to check the software,  hardware 
and gateways they use for vulnerabilities of 
cyber-attacks. 

If a new vulnerability gets detected and 
disclosed to the public, normally appropriate 
counter measures are following soon, but a 
large amount of users seem not to realize 
the publication of the vulnerability as well as 
of the counter measures. For example, the 
aforementioned WannaCry attack affected 
large organizations worldwide even though 
a patch and so a very convenient counter 
measure was published nearly a month 
before. 

The cloud-based, open simulation 
environment enables the participating 
companies to collaborate in spotting and 
analyzing risk scenarios. This enables the 
parties to predict and avoid security risks. 
Furthermore, the MITIGATE system allows 
the users to conduct a risk assessment not 
only of their own specific IT infrastructure, 
but also of associated, interdependent IT 
infrastructures in maritime supply chains, 
as they contain the possibility of spreading 
threats in cascading effects. 

The MITIGATE system already contains 
a huge number of digital assets and also 
provides exemplary maritime supply 
chains. For the implementation of the 
MITIGATE system the user choses from 
‘libraries’ of assets to rebuild his companies 
IT infrastructure, or the part of it he wants 
to assess. Making use of the supply chains 
provided in the MITIGATE system, or easily 
adapt them, a user can conduct a proper 
4-step risk assessment for e.g. an LNG, 
container, vehicle- or break-bulk scenario in 
a short time:
• The Threat Analysis illustrates the overall 

threat scenario and conducts a first threat 
assessment by identifying individual 
cyber threats

• The Vulnerability Analysis describes 
all relevant kinds of vulnerabilities of 
the chosen supply chain service and 
assesses individual as well as cumulative 
vulnerabilities

• Individual and cumulative impacts on 

the defined assets are estimated in the 
Impact Analysis. A possible diffusion 
of the impact along the supply chain 
and through the partnering networks is 
considered

• The Risk Estimation does the same with a 
view to the specific assets and shows how 
possible attacks may influence and cause 
malfunction of single assets and their 
possible infection amongst each other

The Mitigation Strategy ends the analysis 
of the risk assessment by providing a risk 
mitigation strategy. The result shall ensure 
that all relevant risks in a specific supply 
chain service are covered.

 The MITIGATE system enables even 
small businesses to have an easy-to-use but 
effective risk management system that can 
be used to detect real-time threats from the 
cyberspace in a timely manner. The software 
is developed as a cloud solution with the 
possibility to install it in a company-owned, 
private cloud; however, the users have their 
own protected areas available, which are 
not accessible to other participants. The 
implementation phase for external partners 
allows maritime companies to get to know 
and help the team to test and enhance the 
MITIGATE system.
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The search for contraband, threats, 
and fraud in cargo containers is akin 
to searching for needles in an ever-
growing field of many haystacks. The field 
represents the vast global container fleet 
that constitutes the global supply chain. 
The haystacks represent the diverse range 
of confusing legitimate items that fill a 40-
foot shipping container. These are ever 
growing because the number of container 
transactions continues to grow each year.  

To further complicate things, one doesn’t 
know what the needles are until they find 
them. Is it narcotics? A weapon? Radiological 
material? Something that’s never been seen 
before, or even conceived of?

CONTAINER SCREENING
Current screening protocols aim to 
address this issue by splitting the process 
into three parts: 
1. Container selection based on a risk 

analysis, specific intelligence, or at random

2. Non-intrusive inspection of selected 
containers to form a radiographic image 

3. Physical inspection. 
There are a few problems with this 

approach. Firstly, only an estimated 4-5% 
of containers are selected for inspection. 
The unchecked 95% can, and sometimes 
do, contain threats or contraband. 
Secondly, false positive selections mean 
that human resources are wasted on 
benign containers. Thirdly, human errors 
in image inspection leads to unnecessary 
physical inspection: a time-consuming 
process in which the entire contents of 
a cargo container have to be carefully 
handled and documented.

HARDWARE INNOVATIONS
There has been a noticeable and recent 
innovation in the container screening 
market: X-ray scanners are now available 
that can automatically capture images 
of rail-hauled containers travelling at up 

to 60km/h. Such systems can scan a 40-
foot container in less than a second. As 
such systems are further developed to 
accommodate all transport modalities, 
including trucks, it would, in principle, be 
possible to scan every container. 

In this total-scanning paradigm, and 
if Artificial Intelligence (AI) is indeed 
good enough, it would make sense for 
an AI system to analyse each image, 
and in combination with risk indicators, 
determine which images should be sent 
to humans for inspection. This would 
significantly reduce the number of false 
alarm images that human resources 
are wasted on, in addition to increasing 
the number of accurate detections over 
the entire container population. This 
way, 100% container screening could be 
realised; a long-standing, but never met, 
goal of the Container Security Initiative 
introduced after 9/11.

AUTOMATED 
INSPECTION 
BY ARTIFICIAL INTELLIGENCE
Dr Nicolas Jaccard, and Thomas Rogers, 
Visulytix, London, UK
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THE AI REVOLUTION
We are undergoing a revolution in AI. It is 
not difficult for one to imagine a future, 
though perhaps distant, in which supply 
chains are fully automated. Signs of it are 
already emerging, as companies such as 
Amazon and Tesla are investing in methods 
to automate logistics through drone 
delivery and driverless trucks. Indeed, 
in recent times we have even seen the 
opening of AI-controlled seaports, such as 
London Gateway, where containers can be 
picked and stacked with minimal human 
intervention.

As automation becomes more widely 
adopted, the volume of trade is likely to 
catapult to levels far surpassing those 
observed today. As such, it will inevitably 
add further weight onto the shoulders of 
security officers as they wade through this 
now much larger field of many haystacks. 
Thus, it is also inevitable that help will be 
sought from AI for screening too.

BENEFITS AND CHALLENGES OF AI
There are many benefits to AI inspection. 
AI systems cannot be bribed. They do not 
get tired or lose concentration. When 
they break, they are simple to replace by 
installing new hardware. They are easy 
to scale; only extra hardware is required 
and there is no need for expensive hiring 
and training of staff. They are also more 
consistent; a given size of cargo container 
takes the same time for AI to inspect 
regardless of its complexity, making 
resource requirements predictable and 
allocation straightforward. Finally, in an 
operational context, the performance of 
an AI system is easier to quantify, and the 
levels of detection and false positives are 
easily tuned to the requirements of a given 
port.

The main challenge for AI is achieving 
high-accuracy with limited training data. 
Contraband data is rare, and modern AI 
systems, such as Deep Learning, need to 
be trained on vast amounts of both benign 
and contraband data. Already, in the 
academic literature, several approaches 
have been proposed to address this 
problem. This has resulted in systems 

that seemingly match or exceed human 
accuracy and speed. This super-human 
performance is definitely evident in 
mainstream applications of AI, where 
Deep Learning has been able to beat the 
world’s best GO player, and outperform 
humans at a range of tasks including voice 
and image recognition.

INSPECTION ALGORITHMS
The current market for container 
inspection algorithms can be split into 
three applications: 
1. Object detection - is there a known 

threat or contraband item present?
2. Anomaly Detection - is there anything 

unusual in the image?
3. Manifest Verification - does the image 

content perfectly match shipping 
manifest? 

An AI system should perform each 
of these at least to human levels of 
accuracy in order to fully replicate manual 
operation.

Object Detection and Manifest 
Verification should be achievable with 
some domain-specific tweaks to current 
state-of-the-art Deep Learning methods. 
Anomaly Detection is more challenging, 
both practically and intellectually. For 
example, what is an anomaly? How do 
we evaluate performance? It will be 
some time before an AI system can detect 
anomalies as well as humans. 

But Anomaly Detection is essential 
in cases where contraband is so well 
concealed that it cannot be detected by 
a specific detector. In such scenarios, the 
concealment often leads to an anomalous 
change in texture or density. Anecdotally, 
operators detecting these rare and unusual 
events are often what leads to discovery of 
contraband.

OBJECT DETECTION
There are a number of algorithms on 
the market for Object Detection that 
are integrated into proprietary scanning 
software. These assist operators by 
highlighting detected objects in the image. 
Current capabilities include cigarette and 
high-Z detection. These applications often 

rely on well-established but deprecated 
machine vision approaches; it is likely that 
the adoption of Deep Learning, or similar 
recent AI advancements, would lead to 
significant improvements and pave the 
way for image-based automated container 
selection.

In academia, big strides have been made 
toward modernising Object Detection 
algorithms. Milestones include the 
development of methods for the detection 
of concealed cars (e.g. cars involved in 
trafficking), and so-called small metallic 
threats (SMTs) that may be used by 
terrorists and organised crime networks. 
These methods use bespoke-trained 
Convolutional Neural networks (CNNs) to 
achieve very high detection performance 
with low false alarm rates. Jaccard et al. 
[10] show that cars concealed by large 
amounts of dense and confusing clutter 
can be detected, even with limited training 
data. 

In addition, Rogers et al. [11] and 
Jaccard et al. [12], show that by using 
Threat Image Projection (TIP), which is 
used in aviation security to train and test 
human operators, a large contraband 
dataset can be generated, making it 
possible to train highly accurate CNN 
models for contraband detection. While 
these approaches yield great promise, 
they have yet to be commercialised and 
made available to the market. 

MANIFEST VERIFICATION
Fully-fledged Manifest Verification tools 
are not yet commercially available, and 
attempts described in the academic 
literature are underwhelming. However, 
tools for Empty Container Verification 
(ECV), a sub-problem of Manifest 
Verification, are available. ECV is important 
since an estimated 20% of the container 
fleet is declared-as-empty. Detection of 
cargo inside such containers can be a 
sign of duty-evasion, fraud or smuggling. 
Commercial ECV implementations can 
spot the most obvious cases but might 
miss smuggling attempts where only small 
loads are present (e.g. small quantities 
of drugs). Recent research suggest that 

Figure 1: Automated container mover Figure 2: Physical inspection Figure 3: Cargo train
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machine learning helps in those cases, 
hinting that modern approaches such as 
Deep Learning could potentially achieve 
close-to-perfect ECV performance. 
The ability of achieving fully-fledged 
Manifest Verification is contingent on the 
availability of suitably large and diverse 
image datasets complete with manifest 
information. 

ANOMALY DETECTION
To date, little work has been published 
on Anomaly Detection. The ACXIS project 
aims to provide functions to assist 
operators with anomaly detection. The 
project proposes to search a database for 
similar images (e.g. of the same truck) and 
allow operators to compare a fresh image 
with a database image to help spot any 
irregularities. 

In academia, Andrews et al. [18] 
have sought to develop Deep Learning 
based methods for anomaly detection 
in an unsupervised fashion. In this, the 
algorithm is only trained on a large 
dataset of normal data that contains no 
contraband, threats, or anomalies. The 
system learns a model of the distribution 
of normal images, from which outliers 
(anomalies) can be detected. The method 
offers promise, however, is not currently at 
levels required for commercial use. This is 
expected to change in the future, as more 
advances are made in mainstream Deep 
Learning for unsupervised learning of 
feature representations.

NEW ATTACK VECTORS?
Whilst AI can reduce the burden on 
human operators, could it also introduce 
new attack vectors for organised crime 
and terrorist networks? Potentially the 
number of cyber attacks on ports and 
security systems could increase. Attacks 
could be aimed at disrupting security 
by denial of service, or at tricking or 
overriding AI systems to make incorrect 
decisions. For example, an attack could 
increase the number of false alarms, 
leading to increased distrust of AI systems, 
perhaps so much that they are switched 
off altogether. 

Cyber attacks could also be aimed at 
theft of AI models. With model access, 
criminals could use AI to generate 
adversarial examples capable of evading 
detection. In turn this could be used to 
develop new methods of concealment. 
In any case, careful thought should be 
applied when developing AI inspection 
systems, to account for potential novel 
attacks.

CONCLUSION
It is not difficult for one to imagine a future 
where the global supply chain is entirely 

automated. The thirst for automation 
is driven by the need to cope with the 
increasing throughput demands. On the 
hardware side, commercial scanners 
capable of imaging containers in less than 
a second have been developed. 

The main limitation, in terms of both 
security and throughput, is the use of 
human operators who are overburdened 
by the ever-growing flow of trade. This 
burden will only worsen as automation in 
logistics increases.

It is inevitable that AI will be given 
a deeper and more important role in 
inspection to cope with these demands. 

However, the current market lags far 
behind what is possible with recent 
innovations in AI such as Deep Learning, 
and efforts to provide automated 
inspection need to catch up with the 
efforts to automate trade. 

With the help of AI, the operator’s 
search for needles in the ever-growing 
field of many haystacks can be reduced to 
a much smaller, more tractable problem. 
And the extra human resources that would 
have been required can be freed to tackle 
tasks that AI is not suitable for, such as 
intelligence, policing operations, and 
physical inspection.
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The ports and borders sector looks 
to be growing. A recent Straits Times 
article titled noted the increase in parcel 
clearance in Singapore in 2016; over 40% 
compared to 2014. Separately, visitor 
arrivals in the country have peaked to 16.4 
million in 2016, recording a 7.7% year-
on-year growth. Assuming this upward 
trajectory continues, it would mean busier 
years ahead for Singaporean customs. 

But as is inevitable with growth, there 
will be issues that need to be addressed. 
We have seen reports that it is now 
tougher for clearance authorities to 
detect contraband items such as drugs 
and cigarettes in ports and port terminals. 
Meanwhile, we have to also take into 
account how modern authorities are 
increasingly pressured by government, 
media and society to maintain consistent 
vigilance on all fronts.

According to a report by Singapore’s 
Immigration & Checkpoints Authority 
(ICA) Annual Statistics that was released 
in 2016, while the number of contraband 
cases detected at local checkpoints has 
decreased by 8% from 2015 to 2016, 

smugglers are constantly coming up with 
new and novel ways to conceal forbidden 
materials and evade detection. In addition, 
personnel working in the ports and 
borders sector are known to work long 
hours coupled with graveyard shifts. How 
then can the industry tackle these issues 
without exhausting the talent pool and 
leaving the industry prone to error?

AI IN PORTS AND BORDERS
One way to solve the issues at hand would 
be to deploy artificial intelligence (AI), 
one of the highly discussed emerging 
technologies today. Wired to be intelligent 
and to replicate human efforts, AI has 
proven to be useful in dramatically 
reducing the amount of time and effort 
required for time-consuming tasks, and its 
usage is set to increase further.

By 2018, there might be a rise of AI 
that can mimic human conversations in 
terms of how we speak and listen, and 
approximately 20% of business content 
might come from AI, such as writing 
shareholder reports, legal documents and 
press releases. It is also predicted that AI 

could power up to as much as a staggering 
85% of all customer service interactions by 
2020. 

To that end, it is unsurprising that AI 
has been applied in the ports and borders 
industry: the main objective of doing so is 
to improve working efficiency but without 
compromising on security. 

The Port of Rotterdam has tested an AI 
system which scans through a fraction of 
containers for illicit content, with the goal 
of speeding up the inspection process. At 
Gongbei Port of Entry, the border between 
China and Macau, AI has been deployed 
to help cover various functions such as 
answering passenger queries in as many 
as 28 different languages and perform 
facial recognition to help detect potential 
security threats. 

Given that AI usage is proliferating, it 
is worthwhile for the ports and borders 
industry to consider investing in AI to help 
improve port productivity and efficiency.

AI CAN BRING OUT THE BEST
AI addresses some of the deep-rooted 
challenges in the industry, one of which 

BOT-CONTROLLED BORDERS 
WHAT PORTS COULD LOOK LIKE

Tim Norton, Global Head of Market, Ports & Borders, 
Smiths Detection, London, UK 
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is the long working hours the industry is 
notorious for. A survey by Infosys on 1,600 
business and IT executives saw that 55% 
see AI as helping to create and improve 
products, services and business models, 
as well as give quicker access to such 
existing products and services. Half of the 
respondents felt that AI could solve their 
problems faster and two-thirds of them 
believe that AI will ‘bring out the best’ in 
their employees. Most respondents are 
also positive that AI will enable displaced 
employees to take on higher-value work.

Implementing AI at work could also 
mean lesser costs accumulated in the 
long run. Aside from cost cutting benefits, 
AI also has the potential of expanding 
an organisation’s capabilities such as its 
business acumen and efficiency. 

From the same Infosys survey, 
respondents that had already adopted AI 
mentioned that they expect their overall 
revenues to increase by at least 39% in 
the following three years. Organisations 
that had experienced faster growth in 
revenue over the last three years were 
seen to be more advanced in AI maturity 
and adoption. 

HUMAN COMPONENT STILL KEY
However, there are still some key 
dependencies to be considered when 
considering the implementation of AI. 
The ports and borders industry is a 
volatile one and terrorism continues to 
be one of the key threats to the industry, 
among many others. 

Even though technology upgrades 
and simulation exercises can be done, 
security and threats cannot always 
be easily predicted. Similar to how 
smugglers are coming up with new ways 
to evade detection, terrorists could also 

adopt similar tactics to try to smuggle 
in dangerous goods such as weapons or 
explosives into a given country. 

During times like these, machines 
would need to have the flexibility that 
humans have to react to unforeseen 
circumstances. In that regard, the 
example of Uber’s self-driving car which 
crashed during a test drive in March, 
2017 in Arizona doesn’t exactly inspire 
confidence - yet. 

Due to the sensitive nature of the work, 
checkpoints cannot be fully automated 
and will continue to require human 
vigilance and interaction to manage 
unforeseen circumstances. To that end, 
it is important that technology enablers 
like Smiths Detection focus on not 
only product development, but also in 
delivering expert advice to military and 
security personnel to better equip them 
in addressing their day-to-day challenges. 

As incredible an enabler as AI is, it is 
still limited in what it can do compared 
to human abilities, which have the major 
ability of being instantaneously reactive. 
As such, instead of looking to replace 
human beings, it would be best solution 
all round to have AI implemented as a 
complement to human labour, aiming for 
it to take on the more routine aspects 
of the human’s job. Employees can then 
take on more elevated capacities by 
retraining themselves. In this way, the 
pursuit of efficiency will not come at the 
cost of valuable human talent. 
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PORT PLANNING, 
DESIGN AND CONSTRUCTION

“Given that large corporations ranging from Daimler, 
Amazon, Google, Uber, and Tesla are investing a great 
deal of money in the automation of cars and trucks, 
technically feasible automated street trucks seem likely to 
be a reality within just a few years.”

Mark Sisson, Senior Port Planner, AECOM, page 102



Automati on and electrifi cati on are the 
twin goals of advanced container terminals 
worldwide. They are driven by the desire for 
reduced costs and reduced environmental 
impacts of operati ons, as well as fi nancial 
pressure for higher uti lizati on of expensive 
capital assets gained by moving toward 
24/7 operati ons. 

Automated stacking cranes (ASCs), which 
are now the industry standard for new 
terminals and have been the backbone for 
automated terminal operati ons for over 
20 years, already meet both goals. Given 
that container yards (CY) themselves are 
already highly opti mized, one of the more 
interesti ng questi ons facing port planners 
in 2017 is how to expand these desirable 
operati ng characteristi cs beyond the 
container yard.

PLANNER TARGETS
The fi rst target is the on-terminal 
intermodal railyard. TraPac in the Port of 
Los Angeles became the fi rst terminal to 

automate moves to an on-terminal railyard. 
The gate traffi  c there is limited to only part 
of the terminal, giving autostrads free reign 
at the narrow end of the terminal as shown 
in the foreground of Figure 1. This allows 
autostrads to move between the wharf, 
the triangular strad buff er, and the railyard 
without crossing any street truck traffi  c.

For rectangular terminals with the 
railyard at the landside of the terminal 
parallel to the quay, limiti ng the gate trucks 
to a subset of the ASC stacks in order to 
facilitate rail automati on may not be 
desirable. In this case, overhead bridge 
cranes may be used to connect CY and IY 
on terminal, allowing gate trucks to travel 
underneath. This soluti on could replace 
the use of manual tractors and terminal 
chassis used to move containers to on-
terminal railyards at terminals such as 
Euromax in Rott erdam, Netherlands.

Looking one step farther out from the CY 
takes us to external but adjacent – or nearly 
adjacent – railyards or warehouse districts, 

or other terminals in a transhipment hub 
such as Jebel Ali that operates four large but 
disti nct terminals within one port complex. 
These off  terminal desti nati ons may be the 
recipients of tens or hundreds of thousands 
of container moves per year that travel via 
external trucks that are manually operated 
and diesel powered, with all of the resulti ng 
costs and emissions. What can be done to 
improve upon this status quo?  

THE GRID SYSTEM
These external moves may instead 
be performed by bridge cranes for 
short distance moves, or AGVs or even 
automated trucks for longer distance 
moves. Overhead bridge cranes are easy 
to automate, have very low operati ng 
costs, and have the advantage of built in 
buff er storage at either end. They can be 
independent, or integrated into an enti re 
terminal such as BEC’s GRID concept of 
overhead two dimensional structures to 
provide higher capacity.  

EXPANDING TERMINAL 
AUTOMATION
BEYOND THE CONTAINER YARD
Mark Sisson PE, Senior Port Planner, 
AECOM, San Francisco Bay, US 
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Figure 2 shows an example of the GRID 
system. The network of overhead beams 
allows the same spreaders to cover the 
gate, container yard, and railyard without 
interfering with street trucks or trains.

Once the distance traveled exceeds a 
few hundred meters, a stand-alone bridge 
crane is limited to fairly low volume due 
to limited spreaders on one set of rails. A 
GRID system allows spreaders to change 
rails for effective two-way spreader travel 
and allows for much higher capacity.  As 
the distance to the destination continues to 
climb, the capital cost for the construction 
of overhead systems may become 
prohibitive, however. In this case, standard 
but physically separated roadways can be 
used for automated vehicles; either AGVs, 
or automated trucks.  

GAME CHANGERS 
Given that large corporations ranging from 
Daimler, Amazon, Google, Uber, and Tesla 
are investing a great deal of money in the 
automation of cars and trucks, technically 
feasible automated street trucks seem 
likely to be a reality within just a few years. 
The issues surrounding safety and political 
difficulty of mixing robotic heavy trucks 
with standard auto traffic will be likely 
be more difficult to overcome than the 
technical issues with driving the truck itself. 
This problem can be eliminated through 
the use of dedicated roadways near the 
port area.  Similar roadways are used in 
Rotterdam for trailer trains, so there is 
precedent for these in intra-port moves via 
physically separate roadways.

Both street trucks and AGVs can run on 
electric power. Electric AGVs currently are 
in use in both Hamburg and Long Beach.  
Figure 3 shows an example of one of the 
LBCT machines.  

Tesla expects to announce an electric 
over the road truck sometime in 2017 
(presumably also with a high level of 
automation capability). If battery range for 
electric vehicles is not sufficient, the road 
could be equipped with inductive charging 
or overhead catenaries, such as those 
being developed by Siemens, to boost 
range. The use of stations to allow the 
swapping of batteries is also an option. This 
is the technique used by LBCT to ensure 
continuous AGV power is available.   

If space is available, these dedicated 
roadways for electric automated vehicles 
could extend a considerable distance from 
the marine terminal. Depending on the 
availability of right-of-way and constriction 
costs, dedicated roadways could be a 
practical solution to allow automated 
electric vehicles to reach high volume 
cargo destinations within perhaps 10 20km 
from a marine terminal.

Figure 1: TraPac, Los Angeles

Figure 2: Artist’s rendering of a GRID container terminal

Figure 3: Electric AGV at LBCT
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HYPERLOOP
The most dramatic option to move cargo to 
more distant destinations at much higher 
speeds is Hyperloop, a new technology 
based on magnetic levitation within an 
enclosed tube with low ambient pressure 
to minimize air friction. Hyperloop is also 
automated and powered by electricity. 
Figure 4 shows a conceptual rending of a 
Hyperloop terminal.

Hyperloop freight systems could 
theoretically achieve speeds of 1000kph 
in a vacuum tube, but with real limitations 
from bends in the track, operating speeds in 
the range of 200-300kph are more realistic. 
This is still much, much faster than other 
options and can link ports with distant, 
cheap warehouse land within minutes 
of travel. Most warehouses in Southern 
California, for example, are approximately 
100km inland from the ports. At present, 
this requires a lengthy truck trip through 
congested roadways, creating both 
pollution and yet more congestion for 
each drayage move. Hyperloop would 
make these inland destinations much 
more convenient, and therefore more 

valuable, and remove trucks from 
congested roadways. Because the duration 
of Hyperloop trip is not just short but 
also highly predictable, containers can be 
delivered to a marine terminal in a just in 
time basis, radically reducing dwell time 
and related land requirements.

Regardless of the system used, any 
expansion in automation will pose both 
challenges and opportunities in terminal 
design. The safe and secure handoff of 
the container at each point in the journey 
will need to be ensured and documented. 
Planning for equipment breakdowns and 
maintenance must also be taken into 
account.  Bridge crane or GRID systems, 
and also Hyperloop tubes, can be topped 
with arrays of solar panels to generate 
clean electric power on site.

The pressure from cargo owners and port 
area neighbors for low cost, low emissions 
transport that allows for predictable supply 
chains will only continue to increase over 
time. It will be very interesting to see how 
and where new technologies are used to 
advance the state of the art for automated 
cargo movement beyond the container yard.
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Figure 4: Artist’s rendering of a Hyperloop freight terminal
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The global distribution of goods involving 
maritime transport makes use of 
standardized loading units, which are also 
known as maritime containers, progressively. 
It is not uncommon to use these containers 
beyond the transport between seaports, i.e. 
the goods are transported in containers from 
origin to destination in the hinterland, e.g. 
from supplier factory to buyer distribution 
centre. Containers are of various sizes 
and are often re-used several times in the 
supply chain. This requires a container, once 
unloaded and emptied, to be re-positioned 
to another location in the hinterland, 
where it is loaded with new cargo for its 
next voyage. The repositioning of empty 
containers is a complex management and 
logistics problem, which involves multiple 
organizations. In this technical paper, we 
touch upon a few of these intricacies and 
suggest directions for further exploration to 
resolve the issues at hand. 

HOW THE SUPPLY CHAIN WORKS
Deep sea liners make use of containers to 
provide efficient transportation services 

to shippers. While importing their goods, 
shippers need to return the containers 
within a designated period, beyond which 
demurrage and detention fees are due. 
In this manner, the deep-sea liner aims 
to minimise the number of containers in 
circulation, which are assets that represent 
capital investment and operational costs, for 
example, storage, cleaning, and repair. 

The deep-sea liner therefore needs to 
balance the number of available empty 
containers geographically in such a way that 
demand for empty containers is fulfilled and 
that the costs are simultaneously minimised. 
This may require the re-positioning of 
empty containers between import and 
export locations in a region, but it may also 
require the continental or global transport of 
empty containers to compensate for trade 
imbalance between regions (for example 
the substantial imbalance between Asia and 
Europe).

On the other hand, the import and 
export of goods is performed by carriers, 
who aim to minimise transportation costs 
while delivering their services. They prefer 

to re-use an empty container after delivery 
of import goods for the export of other 
goods. However, empty containers are 
often returned to a designated location, 
which is often located in a sea port or at 
inland terminals that act as empty depots 
for the container carriers. From a land 
carrier perspective, the immediate re-use 
of empty containers between import and 
export locations is very efficient. From a 
deep-sea liner point of view, such re-use 
activities could be regarded as very efficient 
but, alternatively, may also be considered as 
disruptions of the planned repositioning of 
empty containers worldwide. 

EMPTY CONTAINER REPOSITIONING
For container carriers, empty container 
repositioning is a non-revenue generating 
operation, but it is a costly part of meeting 
customer demand. In addition, in port 
regions, a more efficient repositioning 
system for empty containers also contributes 
to reduced congestion and emissions. There 
are sophisticated optimization routines 
that support the optimal repositioning of 

EMPTY CONTAINER 
REPOSITIONING 
Professor Rob Zuidwijk, Rotterdam School of Management, and  
Assistant Professor Bart Wiegmans, Delft University of Technology, Netherlands  

106   EDITION 74: SUMMER 2017 WWW.PORTTECHNOLOGY.ORG

PORT PLANNING, DESIGN AND CONSTRUCTION



empty containers on a network, given the 
(forecasted) demand (originating from the 
export of goods) and supply (originating from 
the import of goods) of empty containers at 
various locations. To hedge for uncertain 
demand and supply, empty containers are 
stored at designated locations, so-called 
empty depots. Target inventory levels at 
the empty depots, together with the empty 
container flows between import and export 
locations, and empty depots, and flows that 
leave or enter the region, are chosen in such 
a way that costs are minimised. 

These optimization routines can be 
formulated to incorporate the following 
aspects: 
1. The transport of empty containers is 

usually not time pressed, therefore, 
empty containers can be put on river 
vessels or trains to better utilise these 
resources and minimise the costs for the 
carriers. Synchromodal transport, the 
land transport of containers by means 
of multiple modes of transport, planned 
either as alternatives or in sequence in 
a dynamic way, provides a sustainable 
alternative to unimodal road transport. 
The incorporation of empty container 
demand and supply in the planning 
of synchromodal transport bears the 
promise of better utilisation of transport 
modes and lower costs of empty 
repositioning

2. Empty containers need to be cleaned and 
repaired at a certain rate. Repositioning 
empty containers may also serve the 
purpose of maintenance. Taking into 
account flows of empty containers that 
require maintenance has an impact on 
how empty repositioning is performed. 

3. This especially with regard to the expensive 
reefer containers, it is worthwhile to track 
and trace empty containers. Information 
about the whereabouts of these assets 
reduces uncertainty and benefits asset 
management. 

4. The re-use of empty containers by local 
carriers may be beneficial, but reduces 
the extent of control of the asset base 
by the decision-maker. Transporting 
containers from inland terminals to other 
inland terminals (direct repositioning) 
could result in cost savings of up to 15%. 

However, direct repositioning leads to 
a more complex and costly planning of 
transport operations. An empty container 
repositioning routine that incorporates 
this aspect could strike the proper 
balance between asset control and 
logistics efficiencies. As customers tend 
to concentrate around terminals (also in 
the hinterland) and direct repositioning 
might also reduce congestion and 
emissions, it is worthwhile to explore this 
further for policy makers as well

5. The strategic design of empty container 
repositioning involves empty depot 
location decisions that have an impact 
on the efficiency of empty container 
management 

6. Container repair is an important element 
of the total operational empty container 
repositioning costs. Given the high costs 
of container maintenance, total costs 
might be optimized by investing in the 
reduction of container failure rates

7. Certain container types might require a 
dedicated approach with respect to total 
cost optimization because dry containers 
seem to be required more around inland 
terminals as compared with reefer 
containers, which are required more in 
the port area

8. Empty container management total 
costs need to be optimized through 
collaboration on a global scale within the 
container carrier organisation and not 
through local or regional optimization. The 
container carrier needs to find a balance 
between exporting damaged containers 
to cheap repair facilities, and repairing 
them within the import and export region 
where repair is much more expensive. In 
this case, exporting damaged containers 
might seem the best solution from a 
local perspective. However, this does not 
necessarily lead to total cost optimization 
from the global perspective as also 
additional handling and transport costs 
must be taken into account

Although quite a lot of work has been 
done to optimize the repositioning of empty 
containers, the authors of this technical 
paper claim that more benefits are to be 
gained by more advanced routines that 
incorporate additional aspects such as the 
ones mentioned above. 

ABOUT THE AUTHORS

Professor Rob Zuidwijk is Endowed 
Professor of Ports in Global Networks 
at Rotterdam School of Management. 
Zuidwijk received his PhD from Erasmus 
University and studied in Mathematics. 
He has held a one year visiting position 
at University of California at Los Angeles 
and presently supervises a number of PhD 
students on port related research. His 
work has been published in journals such 
as the California Management Review, 
Transportation Science, Manufacturing 
& Service Operations Management, 
Communications of the ACM, and 
Production and Operations Management. 

Bart Wiegmans is Senior Researcher and 
Assistant Professor at the Department of 
Transport and Planning, Group Freight 
Transport and Transport Networks at the 
Technical University of Delft. He completed 
his undergraduate studies in Regional 
and Transport Economics at the Vrije 
Universiteit, Amsterdam, the Netherlands 
in 1996. He received his Doctorate in 
Transport Economics from the Vrije 
Universiteit Amsterdam in 2003. 

ABOUT THE ORGANISATION

Rotterdam School of Management is 
ranked as one of the best European 
business schools, coming tenth in the 
Financial Times meta-ranking and 
third in Western Europe according to 
Eduniversal. RSM's programmes are 
accredited by the Nederlands-Vlaamse 
Accreditatieorganisatie (NVAO) and it is 
part of the Global Alliance in Management 
Education (CEMS), a consortium of 
Europe's leading schools and corporate 
partners. RSM is also a member of the 
partnership in international management 
(PIM) network.

Delft University of Technology is the largest 
and oldest Dutch public technological 
university, located in Delft, Netherlands. It 
counts as one of the best universities for 
engineering and technology worldwide, 
and is typically seen within the top 20. It is 
repeatedly considered the best university 
of technology in the Netherlands.  

ENQUIRIES

Rob Zuidwijk  
rzuidwijk@rsm.nl 
www.rsm.nl 

  EDITION 74: SUMMER 2017    107 

PORT PLANNING, DESIGN AND CONSTRUCTION



The Internet of Things (IoT) is already 
transforming business and industry all over 
the world. By the year 2020, approximately 
80 billion connected devices will be 
operating within the IoT, according to Frost 
& Sullivan. The IoT is the future not only in 
the service sector, but also in the industrial 
sector and on a global level. We will be able 
to monitor, track, and manage the flow of 
material, information and money through 
global and local supply chains using smart 
systems.

Decision makers will also be more 
confident in making decisions that are based 
on real time and accurate data. This data will 
be collected by sensors and processed in the 
cloud continually. Resources consumption 
will be smarter with higher utilization of our 
equipment and facilities.  The integration 
among systems will require a certain level 
of collaboration between stakeholders to 
achieve the desired functions and expected 
efficiency. 

This paper will give an example of one 
type of experimental terminal collaboration 
that could take place within future IoT-
based, smart container terminals.  

DYNAMIC TRUCK SCHEDULING 
Container Terminals (CTs) around the world 
have been transforming from manual to 
digital systems, and more recently, from 
digital to smart and intelligent systems. 

The relationship and interaction between 
container terminals and trucking companies 
is very important to consider within the new 
IoT-based smart terminal. Both stakeholders’ 
decisions affect each other’s operational 
efficiency and productivity. One of the 
most effective and commonly-used ways 
to organize and manage the pickup and 
delivery operations of containers between 
the CTs and the trucking companies is the 
Truck Appointment System (TAS). Truck 
Appointment Systems are typically used 
by the terminal operators to schedule the 

arrival of external trucks while taking into 
consideration the terminal workload. 

In general, appointment systems don’t 
consider two important issues. The first 
one is the convenience of the trucking 
companies aiming to dispatch their trucks at 
their preferred arrival time. Collaboration on 
this matter will result in a better experience 
and better decisions. The second issue is the 
dynamic nature of the scheduling problem 
where both the demand for and supply 
of containers are changing dynamically. 
The introduction of the IoT will allow real-
time data to be collected from sensors 
implemented on all the CT equipment, 
allowing agility and fast adaptation to new 
circumstances. In this technical article, we 
introduce the new concept of Dynamic 
Collaborative Truck Appointment Systems 
(DCTAS) as a future solution for smart CTs 
that can also be applied in the currently 
developing terminals.

Many terminals face the problem of 

COLLABORATIVE 
TRUCK SCHEDULES
BEATING CONGESTION IN FUTURE SMART PORTS
Amr Eltawil, Professor of Industrial Engineering, and 
Ahmed Azab, PhD Scholar, Egypt-Japan University of Science and Technology
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random arrival patterns of external trucks, if 
the terminals don’t apply a strict appointment 
system [1]. On the other hand, if the 
terminal is implementing an appointment 
booking system, some companies may have 
to pay a penalty or wait for longer if they 
deviate from their confirmed appointment 
times. These situations of course will not 
be pleasant for the trucking companies’ 
drivers and managers. Moreover, congestion 
resulting from the random, walk-in, and no-
show arrivals puts more pressure on the 
shoulders of the terminal managers. An 
additional disadvantage is the environmental 
impacts of longer waiting and service times 
experienced by these trucks, which results in 
excess emissions. 

To resolve these problems, scheduling 
the arrival of external trucks considering 
both the terminal dynamic operations and 
the preferred arrival time of the external 
trucks is badly needed. Future autonomous, 
smart terminals relying on IoT will need a 
system like DCTAS to be fully implemented 
and adopted by both terminals and trucking 
companies for smooth and streamlined 
operations. 

 DCTAS: A NEW CONCEPT 
Our research team at Egypt Japan University 
of Science and Technology has developed 
a new IOT-connected system to automate 
truck appointments, DCTAS.

The basic idea behind the proposed 
new concept of DCTAS is to schedule the 
appointments of external trucks based on 
both the trucking companies’ convenience 
and terminal workload, considering the 
dynamic and stochastic nature of the 
appointment scheduling problem [2]. 

The new DCTAS aims to reduce the 
truck turnaround time of external trucks 
which leads to reduce both congestion and 
transportation cost, and at the same time 
improve the utilization of terminal resources 
and increase productivity. To achieve these 
goals, the proposed comprehensive DCTAS 
includes a web based system and a mobile 
application system that communicate with 
a discrete event simulation model of the 
terminal, all integrated in one simulation 
optimization approach to develop dynamic 
truck appointment schedules. The 
operational scenario of the proposed DCTAS 
is shown in figure 1 and the sequence of 
operations is as follows:
• Input parameters to the system are 

collected from the terminal in real time 
using the advanced monitoring devices 
and sensors.  These parameters will be 
sent to the database and pass through an 
information system to organize them.

• Some inputs need to be entered by 
humans, such as the trucking companies’ 
preferred times to dispatch their 
trucks to the terminal. Such inputs are 

entered using the web based or mobile 
application appointment request system.

• All input data and parameters are 
organized, processed and stored in the 
TAS database using the software we 
have developed, Dynamic Collaborative 

Information System (DCIS).
• Using the background optimization 

model and the CT simulation model, 
the DCTAS determines the optimum 
schedules of truck arrivals to the CT. 
The proposed schedules will reduce the 

Figure 1: collaborative TAS structure for the IoT-based container terminals.

Figure 2: redistributing the arrivals to less congested time windows 

Figure 3: turnaround time reduction after using the DCTAS
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inconvenience to the companies caused 
by shifting their arrivals away from the 
preferred arrival times. Moreover, the 
system considers simultaneously the cost 
of congestion at the terminal gates and 
yards that result from the long truck turn 
times inside the terminal. 

• The developed schedules are sent to both 
stakeholders with some performance 
measure such as the congestion levels 
at gates and yard blocks and expected 
waiting times at each terminal area.

• In case the truck driver is unable to meet 
his planned schedule while en route to 
the terminal, he may revise his request, 
and in that case the system runs again to 
give him another revised optimum arrival 
time that will reduce the impact of his/
her delay to himself and the terminal as 
well.

• Using this system, CT managers will be 
able to receive daily reports on their 
smart phones or smart dashboards about 
the terminal productivity, equipment 
utilization and many other online 
statistics that enables them to fully 
monitor the performance of trucking 
operation through the DCIS.  Trucking 
companies’ managers will receive the 
final schedules and related service costs. 
Moreover, drivers will be equipped with 
smart mobile application to receive their 
detailed schedules and stay connected 
to the system via GPS.  The mobile app 
will help in estimating some performance 
measures such as the time and fuel 
consumptions and related costs. 

BENEFITS OF DCTAS
Collaboration in decision making is no 
longer restricted to people inside the 
same organization. Today, with the spread 
of distributed and mobile applications, 
collaboration in decision making has become 
more common between supply chain 
stakeholders in the global market place. 
Also, collaboration supports the beneficial 
use of the IoT. The proposed DCTAS supports 
beneficial cooperative decision making by 
considering inputs from both the trucking 
companies and terminal operators. 

TESTING DCTAS
In a theoretical experiment, the requests of 
five trucking companies were submitted to 
a simple conventional and non-automated 
CT. The DCTAS was used to develop truck 
appointment schedules for the upcoming 
eight time windows. The results of the 
system were compared to current planned 
schedules of the CT in order to observe the 
impact of using the proposed system. The 
results show that the total truck turnaround 
times for the five trucking companies were 
reduced and the terminal workload was 

smoothed out and re-distributed into a 
more even pattern. 

Figure 2 illustrates how the DCTAS 
distributed the arrivals to the less congested 
time widows (each time widow equal one 
working hour). In figure 3, the trucks of the 
five trucking companies showed shorter 
turnaround times due to using the DCTAS. 
The experiment illustrates the possible 
significant impact of such a system . In an 
automated and connected terminal, this 
impact is expected to be much more 
significant.

The proposed real time data driven 
optimization model is a typical application of 
advanced analytics making it an important 
component of the proposed system. 

Typically, scheduling problems are classified 
among very hard problems to solve in 
operations research literature. That is why 
in order to solve realistic size problems 
many researchers rely on heuristics and 
metaheuristic methods. Nevertheless, the 
future implementation of advanced analytics 
in short term operational planning problems 
is expected to be highly impacted by the 
introduction of IoT. We predict that the real 
time availability of input data from the IoT 
makes available and the reduction of the 
planning horizons will reduce the problem’s 
size, hence allowing the implementation of 
optimization algorithms that will support 
faster planning decisions to be made by 
terminal operators.
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VTS, NAVIGATION, 
MOORING AND BERTHING

“Research shows that maritime accidents can result from 
psychological fatigue. In order to prevent accidents of this 
nature, it is necessary to provide a monitoring system for 
ship berthing that contains with it an intelligent system.” 

Prof Yongwoon Choi, Prof Youngbok Kim and Yoshiaki Mizuchi, page 114



Everything connects, that’s the state of the 
world we live in today. Previously, maritime 
control centres operated with a singular 
focus: protecting civilian or military vessels 
traversing the waters within their areas 
of responsibility. These worlds are now 
coming together where shared resources 
are utilised to ensure safe passage. Now it 
is time to take this a step further with the 
integration of public safety agencies. 

Let’s consider why this is happening and 
the key problems that need to be solved. The 
first is information sharing and the ability to 
do so in a real-time fashion. In order for the 
global maritime network organisations to 
keep all vessels, passengers and freight safe, 
the ability to share information, intelligence 
and communications needs to be supported 
by mission-critical control centres.  

A mission-critical control centre should 
address concerns related to vessel traffic 
services, joint rescue coordination centres 
(JRCC), port authorities, search and rescue 
(SAR) coordination centres and maritime 
rescue coordination centres (MRCC). These 

services are utilised by many players and 
in order to achieve this goal need to be 
supported by technologies that enable 
the sharing of information, intelligence 
and communications, such as system-wide 
information management (SWIM). Maritime 
authorities like vessel traffic services (VTS), 
ports, inland waterways (IWW), rescue 
coordination and incident management 
in maritime rescue co-ordination centers 
(MRCC) including joint rescue centres are all 
examples of users.

EARLY PROOF POINTS
Examples of integration on a smaller scale 
can already be seen today. Some proof 
points include:
1. The Icelandic Coast Guard, (ICG) is 

responsible for coordination and 
execution of all maritime and aeronautical 
Search and Rescue (SAR) operations 
in the Icelandic SRR. They operate the 
Joint Rescue Coordination Centre (JRCC) 
Iceland from its operations centre in 
Reykjavik. The ICG also undertakes 

particular tasks ashore in co-operation 
with police and other authorities

2. MRCC Tórshavn is an MRCC that 
initiates and co-ordinates search and 
rescue (SAR) on Faroes sea territory 
under responsibility of the Ministry of 
Fisheries. Co-operation agreements 
have been made with different parties 
such as atlantic helicopters, joint arctic 
command and also with neighbouring 
countries for co-operation.  

3. The Joint Rescue Co-Ordination Centre 
in Victoria, Canada: The Victoria 
Search and Rescue Region consists 
of approximately 920,000 square 
kilometers of mainly mountainous 
terrain in Yukon and British Columbia 
and 560,000 square kilometers 
of the Pacific Ocean extending to 
approximately 600 nautical miles 
offshore including over 27,000 
kilometers of rugged British Columbia 
coastline. This is an example of co-
working between the Canadian Coast 
Guard and the Royal Canadian Air Force

WHEN MARITIME MOVES 
BEYOND THE SEA
Khashy Saravandi-Rad, Director Maritime, 
Frequentis, Vienna, Austria
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TOMORROW’S SOLUTION
When envisioning what is required for 
the interaction of how the different 
organisations and systems could work, 
there are a few categories which need to be 
addressed:  
• Common operational picture (COP): One 

COP with visibility across all organisations 
and the ability to make decisions cross-
functionally

• Voice communication system: One 
voice communication system to enable 
consistency of contact medium across all 
organisations

• Incident management: One system 
providing customised workflow support 
and incident management adoptable 
anytime

Let’s consider the implications of being 
able to provide a common situational 
awareness across many cooperating 
organisations with solutions tailored to 
their specific domains - civilian aviation 
authorities, maritime agencies, public 
transportation authorities and emergency 
services organisations. The sharing of 
information gathered from different 
systems and harmonised for faster decisions 
will impact life-saving timelines.  

When a situation ultimately arises, the 
ability to communicate the situation and 
make the appropriate decisions is only the 
first step along the way to a resolution. An 
incident management workflow mechanism 
allows for the assignment and tracking of 
tasks across the military and civilization 
organisations involved. Additionally, the 
information that is transferred might require 
encryption and recording for future training 
or potential legal actions to be supported.

Cooperation and collaboration can allow 
for exponential improvements in emergency 
scenarios both civilian and military. Faster 
decision making and integrated incident 
management will expedite resolution of 
these situations when seconds count for a 
safer world.

HOW IT ALL WORKS
As control centres and teams from 
interacting organisations follow different 
procedures, they have special requirements 
and even use optimised wording for 
their individual tasks, especially within a 
joint operation. This holds the potential 
for misunderstandings. The generation 
of a common operational picture needs 
the equivalent of a real time translation 
between the interconnected systems to be 
a sufficient decision support tool.

A simple example can highlight how 
simple tasks quickly become complex. If an 
SAR operation maritime vessel operating 
on water needs to meet emergency 
ambulances on the coast to handover 
injured people, several coordinating centres 

will arrange a rendezvous point together. 
This simple task can become quite complex 
if done across organisations.

Traditional maritime systems contain 
sea charts for safe navigation, emergency 
systems need road information for safe 
transportation otherwise we have to 
consider air traffic implications if a rescue 
helicopter is involved in the operation. The 
helicopter could be operated by a civilian or 
military organisation adding more layers of 
complexity.

Just sharing the same information will not 
lead to a common situational awareness 
and good cross agency decision support. 
The involved assets need individually 
optimised views with validated and trustful 
information of common attributes like 
the amount of people involved, degree 
of injuries, etcetera, in order to produce a 
harmonised result. 

The first step in order to achieve this 
goal is to understand the cooperating 
organisations individual workflows and 
respect their diverging views for their 
situational awareness needs.  Being able to 
provide a solution that focuses on domain 
specific procedures to optimise individual 
workflows while solving the common 
technical challenges and ensuring the 
quality and availability of the information 
for system-wide communication and 
information management is the target for a 
successful application.

This begins by empowering efficient 
operational and emergency response while 
respecting the ability to establish command 
and control structures by moving from an 
initial reactive mode to strategy oriented 
response actions. Predefined roles, clear 
responsibilities and reporting lines are a 
critical component of successful workflow 
collaboration across agencies. This enables 
the right staffing (leaders, response-
teams and resources) to cultivate and 
activate interdisciplinary relationships with 
other agencies while keeping a scalable 
organisation. 

IS THIS THE FUTURE?  
Frequentis is supporting the Maritime Safety 
and Security Centre in Cuxhaven, Germany 
to do just this today. Earlier this year, the 
official opening took place in the presence of 
Federal Minister Alexander Dobrindt, MdB, 
Federal Ministry of Transport and Digital 
Infrastructure in Germany. In July, 2016 the 
go-live took place, enabling the Maritime 
Safety and Security Centre to utilise a 
common communication and information 
solution to work together with all other 
authorities that have been integrated into 
this centre. 

The Maritime Safety and Security Centre 
had been acting as the communication and 
cooperation network for the operational 

forces of the Federal Government and 
the German coastal states to ensure 
maritime safety and security since 2007. 
Different specialist capabilities have been 
grouped together in the Joint Emergency 
Reporting and Assessment Centre Sea 
(GLZ-See) for this period of time and 
operations are coordinated on the basis 
of common situational awareness. About 
100 employees, including shift workers, are 
working in this newly built facility within 
the area of the Waterways and Shipping 
Department Cuxhaven. 

The Maritime Safety and Security Centre 
is responsible for the entire German coast 
and all water access routes. This is a 
unique case study of how these different 
agencies can work together. It comes to life 
with the integration of the Federal Office 
for Agriculture and Food, Federal Police 
Department, Central Customs Authority, 
German Navy, Central Command for 
Maritime Emergencies, Federal Waterways 
and Shipping Administration, and the 
Waterways Police forces of the German 
federal and coastal states are operating 
together through this center.  The 
responsibility includes all waterways within 
and the coast surrounding Germany. 
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This paper proposes a vision-based 
monitoring system designed and integrated 
to support vessel berthing work and to 
reduce maritime accidents from human 
errors. The proposed technique presents 
a distance measurement method which is 
essentially used for real working conditions. 

The monitoring system is an integrated 
system for the safe berthing of a vessel, 
consisting of an observation information 
system, a tug-boat support system and 
a fender system. The basis of the system 
is a distance measurement system that 
can accurately measure the distance to 
a target, and track it in the condition of 
vessel’s roll-pitching motion. In this paper, 
the principle and application strategy 
of proposed technique are explained. 
Especially, the processing time of a 
proposed measurement system is about 
200 frames per second in order to measure 
the position and heading angle of a vessel, 
its accuracy is within 1.0%.  

INTRODUCTION
To load or unload cargoes from facilities 
such as wharfs, floating production, 
storage and offloading (FPSO) vessels, 
ocean vehicles are ordinarily docked 
alongside the facilities. Research shows 
that maritime accidents can result from 
psychological and physical fatigue. In order 
to prevent accidents of this nature, it is 
necessary to provide a monitoring system 
for ship berthing that contains within it 
an intelligent system called an integrated 
posture control system (IPCS). As shown in 
Figure1, generally, the IPCS consists of:
a)  An observational information system 

based on a distance measurement 
system that can measure the distance 
to a target

b)  A tug-boat support system based on an 
observation network 

c)  A fender control system focused on 
collision avoidance to a quay

The basic role of this technique is to 
support the berthing work such that a vessel 
can safely be berthed into a destination in a 
harbour. Here, the distance measurement 
system measures the distance between the 
two targets designated by an operator in 
an image on the monitor of the IPCS. Then 
the measured distance data is transmitted 
to the IPCS through the observation 
information system. The distance data is 
then provided to the IPCS controlling the 
posture of a vessel, while it is also used for 
the monitoring system on the IPCS side to 
display the real time situation changes. 

The monitoring system which can 
control information data obtained from 
the disturbance observer will be used as 
an interface system. Also, this interface 
system can share the useful data with the 
operator, tug-boat, fender system sides via 
the observation network, such that safe 
berthing could be realized. The basis of the 
IPCS is the distance measurement system 

STEREO CAMERA 
SYSTEMS 
FOR VESSEL BERTHING AND NAVIGATION
Prof Yongwoon Choi and Yoshiaki Mizuchi, Soka University, Japan, and 
Prof Youngbok Kim, Pukyong National University, Busan, Korea
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which can accurately measure the distance 
to a target and track it in the condition of 
vessel’s roll and pitch motion by waves. The 
accuracy of this measurement system is 
within 1.0% for a 100 metre distance. The 
details on system performance can be seen 
by referring to [1], and the technical data 
on advanced version without the landmark 
of a target in reference [2] can also be 
checked.

DISTANCE MEASUREMENT SYSTEM

SYSTEM OVERVIEW
Figure 2 shows the configuration of the 
camera unit and the landmark made for 
our experiments. The camera unit consists 
of a tracking camera, two measurement 
cameras, and a pan-tilter. The tracking 
camera has wide field of view that is 
used to track the landmark without losing 
sight of it. This camera is also used to 
obtain the angle to a target landmark. 

The measurement cameras obtain the 
distance from the camera unit to the 
tracked landmark. The pan-tilter rotates 
the cameras on its pan and tilt axes to 
keep track of the landmark. Figure 3 shows 
an overview of the proposed position 
measurement system, when the two 
camera units of Figure 2 and two specific 
landmarks are mounted on the vessel and 
target side, respectively. 

This measurement system consists of 
two camera units with a tracking camera, 
and two measurement cameras and a pan-
tilter on a vessel, as well as two specific 
landmarks which have a radial pattern 
that is invariant to changes in scale in a 
captured image, depending on the distance 
between the cameras and landmarks. 
The vessel position (x, y) and heading θ 
relative to a reference position (x0, y0) 
are uniquely determined via the baseline 
length LU between the camera units, and 
the distance dL, dR and angles φL, φR are 

obtained with the pair of camera units and 
the two landmarks.

ESTIMATING THE DISTANCE AND ANGLE OF 
DIRECTION
The target in images is detected using 
a method named VCC [3]. VCC is a low-
cost image-matching technique that is 
applicable to real-time target detection. 
Figure 4 shows the geometry involved 
when measuring the distance using two 
angles obtained from each measurement 
camera. The distance h between the 
baseline and the target is computed from 
ψl and ψr:
1. where LC denotes the baseline length 

between left and right camera on one 
camera unit. The distance d between 
the mid-point and a target is obtained 
as follows: 

2. The distance d is assumed to be the 
distance between the camera unit and 
a landmark.

Figure 1

Figure 2 Figure 3 Figure 4
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CONCLUSION
In this paper, we proposed a monitoring 
system with distance measurement system 
designed and integrated to support the 
berthing of a vessel. And it can be used 
to reduce maritime accidents. Especially, 
it was verified that the accuracy of the 
distance measurement system with 
disturbance condition is within 1.0% for a 
distance of about 100 metres. Our future 
work is to construct the monitoring system 
as an interface to be practically shared and 
utilized for the operators in each system: 
the mobile fender system, the tug-boat 
and the IPCS.
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“A gradually narrowing supply-demand gap augurs 
well for the dry bulk market. Good news at long last. 
Oversupply as a percentage of total demand is expected 
to come down from 28.5% in 2016 to 26.5% in 2017…”
Rahul Sharan, Lead Research Analyst, Drewry, page 122

DRY BULK AND SPECIALIST 
CARGO HANDLING



The evolving global economy is driving a 
continuous shift in geographic supply and 
demand expectations for raw materials. Bulk 
terminal operations need to be prepared 
to adjust to fluctuating market trends and 
demands for certain commodities. This 
includes adapting existing infrastructure to 
handle new cargo, as well as adopting new 
technologies to remain competitive with 
the cargo they are currently handling. The 
intent of this paper is to explore some of 
the more recent trends facing the industry, 
and the challenges they present.

GROWING DEMAND
For some time now, the world has seen 
a growing demand for fertilizer products 
in emerging markets to help feed an 
increasing population. This includes 
direct application products as well as the 
movement of raw materials like potash, 
phosphates, and urea for local fertilizer 
manufacturing.

This has created challenges in countries 

where the need for increased crop 
production is thwarted by the lack of 
port infrastructure needed to manage a 
major bulk import operation. Similarly, 
the increased demand has driven 
the development of new mines and 
production facilities in locations where the 
infrastructure to move product to market 
does not exist.  

ENERGY SECTOR
Another market that has seen changes 
in the commodities being handled is the 
energy sector. Thermal coal is falling out 
of favor for power generation, and this is 
driving growth in emerging commodities 
like biomass and biofuels which were not 
present 20 years ago. These alternative 
fuels have very different bulk terminal 
requirements, and while they may make 
use of some of the excess capacity left by 
coal on the receiving end, they are typically 
sourced from new geographic regions and 
require infrastructure to get to market.

FUTURE PLANNING
The preceding examples are an indication 
of the changing markets that the 
transportation industry must be willing 
and able to respond to.  They represent 
a real need for proactive planning for 
both public and private infrastructure 
to minimize cost and maximize capacity.  
Terminal operators must resist the 
impulse to simply react immediately to 
a singular request as this is inefficient, 
and ultimately costs both the operator 
and their customers more in the long run 
given the real possibility of future rework 
and secondary expansion projects. 

Logistics planning for the future must 
maintain a holistic approach to the entire 
transportation network, as increasing 
demands on both the regional and 
global infrastructure will impact the way 
products are moved to market. A big part 
of this is the development of new ideas and 
technologies to make transportation more 
efficient for smaller scale markets.

BULK TERMINALS NEED 
EVOLUTION 
ADDRESSING CHANGING MARKETS
Joel Shirriff, P.Eng., Global Practice Lead: Terminals and Transportation, 
Ausenco, Vancouver, Canada 
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Despite the fluctuations in demand for 
steel over the last few years, the massive coal 
and iron ore bulk terminals will continue to 
have a place in the bulk terminal and shipping 
industry. However, these facilities are built 
around large scale movements of dedicated 
cargos at high rates that are typically not 
compatible with most of the smaller volume 
emerging markets that could possibly take 
advantage of any spare capacity in either an 
existing facility or a new development.

Terminals must consider the compatibility 
of alternative cargos within their operations, 
as a coal terminal will be challenged to 
handle anything that cannot tolerate being 
visibly contaminated by residue from the 
conveyor system. Another example is when 
a facility that handles lead concentrate, or 
other products that may be dangerous to 
human or animal health, cannot load feed 
products over the same system.  

Compatible cargo issues can also extend to 
the type of equipment being used at a facility. 
A system designed to handle a free flowing 
cargo like potash will likely be challenged 
to successfully move sticky bauxite or bulky 
wood chips that will plug up transfer chutes. 
Along the same lines, a terminal system that 
is designed to ship bulk ore or wet product 
that is generally dust free will not be able to 
handle dry and dusty cargos like phosphate 
rock without implementing significant dust 
control improvements. 

Innovative thinking such as the 
implementation of modern containerized 
bulk handling systems which are integrated 
into an intermodal logistics networks, will be 
needed to provide flexibility in the future. 
Modern containerized bulk handling uses 
a specialty container unit with an open top 
and removable sealed lid system that can 
be implemented as an independent system 
moved by truck or train from the inland 

source to a terminal facility on the coast. 
These containers can be dumped into a 
conventional bulk storage facility or used as 
the primary storage system at the terminal, 
where they can then be dumped directly 
into the hatch of a bulk carrier ship using a 
rotary spreader unit with an integrated lid 
removal system which is suspended from a 
shore crane or ship’s gear. This technology 
is fully transferrable between sites, and 
allows a shipper to utilize any existing dock 
side facility for moving product from trucks 
to ship. This flexibility makes it well suited to 
temporary or transitional operations.

THE FUTURE LANDSCAPE
There are growing social expectations 
around environmental improvements in 
the industry. These external demands from 
NGO’s, and their influence on regulators, 
are driving a requirement for increased 
containment and dust control measures. 
In most cases, it may be simple enough 
to implement modern technical solutions 
like specially designed conveyor transfers 
and loading spouts that prevent dust from 
being generated in the first place. Industry 
standards also change with the marketplace, 
and products that once were normally stored 
in outdoor stockpiles are often now expected 
to be kept in covered storage facilities. The 
costs of these additional requirements 
must be included in the development of the 
logistics system, and further drives home the 
need for innovation. 

Commodity producers, terminal 
operators, and the shipping industry in 
general, need to be proactive to stay 
ahead of the rapidly changing marketplace. 
We must plan to be sure that adequate 
infrastructure is not only in place, but is in 
the right geographic regions, to address both 
short and long term demands. Flexibility in 

design is critical to ensure that facilities can 
be adapted, if not outright adopted, for use 
to move alternative cargos, providing a cost 
effective and efficient logistics solution from 
the source to its final destination.

ABOUT THE AUTHOR

Joel Shirriff, P.Eng. is the Ausenco Global 
Practice Lead for their Terminals and 
Transportation business.  He has 28 years 
of experience in the bulk terminal and 
transportation industry, including 15 
years as the Engineering and Environment 
Manager for a Vancouver based bulk 
terminal facility. In his 10+ years with 
Ausenco, he has managed many terminal 
and transportation projects around the 
world, ranging from concept studies to 
design and construction projects, as well as 
due diligence reviews. In his current role, 
he offers high value consulting services and 
thought leadership to the industry.

ABOUT THE ORGANISATION

Ausenco is an engineering company 
providing consulting, project delivery 
and asset management solutions to the 
resources, energy and infrastructure 
sectors. We add value to our clients’ 
projects and deliver results, even in the 
most challenging environments. We 
provide services across the full project 
lifecycle from preliminary feasibility 
studies to the construction of multi-billion 
dollar projects and ongoing management, 
maintenance and optimization.

ENQUIRIES

www.ausenco.com

  EDITION 74: SUMMER 2017    121 

DRY BULK AND SPECIALIST CARGO HANDLING 



A gradually narrowing supply-demand 
gap augurs well for the dry bulk market. 
Good news at long last. Oversupply as a 
percentage of total demand is expected to 
come down from 28.5% in 2016 to 26.5% 
in 2017, which may well push the annual 
average 1-year time-charter rates for a 
typical 5-year old Capesize vessel to more 
than US$15,000 per day (pd) from a low of 
$8,100pd as recorded in 2016.

By 2021 oversupply might come down 
below 20% and then charter rates could 
move beyond $25,000pd. The basis of 
contracting oversupply originates from a 
robust demand growth from the developing 
world, as well as from a receding order-
book to fleet ratio. A comprehensive and 
elaborate description is given in Drewry’s 
Dry Bulk Forecaster.

ORDER-BOOK SHRINKAGE 
For the first time since 2000 the order-book 
has shrunk below 8% of the total dry bulk 
fleet. A slim order-book will make room for 
slower growth in the dry bulk fleet over the 
next couple of years. Even if new orders 
increase, yards will take about two years 

to deliver the vessels. Thus, the supply of 
vessels will not be a cause for concern for 
dry bulk owners over the next two years. 
However, recovery in charter rates might 
entice owners to place new orders, further 
slowing down the recovery in charter rates.

INCREASED ORDERS IMPACT FLEET 
GROWTH
With a recovery in rates, ship-owners have 
started to place new orders. In Q1, 2017 
more orders were in place than in the entire 
last year (ignore the 30 VLOCs ordered in 
the first quarter of 2016). If a similar trend 
continues for long, it will distort the supply-
demand balance against any recovery. 
Deliveries are expected to slow down until 
2019 and a growth of only 2% is expected 
till 2021. Any further increase in new orders 
in 2017 will strengthen deliveries from 
late 2018, increasing the pressure on the 
supply-demand balance from 2019, which 
will further delay the recovery in the dry 
bulk market. 

Interest of ship-owners has started to 
reinvigorate in new-build tonnage because 
of two reasons - firstly, with the surge in 

second-hand activity, the price of second-
hand tonnage is rising more rapidly than new-
build tonnage, narrowing the gap between 
the two, making the latter a lucrative option. 
Secondly, only few young candidates remain 
in the second-hand market. 

In order to acquire more fuel-efficient 
and modern tonnage, especially in the wake 
of upcoming environmental regulations, 
ship-owners seem to head towards new-
build tonnage, mainly because of improving 
earnings expectations. Since the market 
is likely to do well in the coming quarters, 
financiers will be interested in providing 
finance. 

In 2016, stringent finance policies were 
also responsible for the lull in new-building 
activity. Hence, with positive sentiments 
emerging in the market, new-building 
activity might pick up pace, but its revival 
may hurt the recovery process. 

NEW-BUILD RESALE TO SLOW?
With financial positions continuing to 
tumble owing to the rock-bottom charter 
rates last year, some ship-owners are selling 
their young vessels to ease the liquidity 

A NEW DAWN
FOR DRY BULK 
Rahul Sharan, Lead Research Analyst, 
Drewry, New Delhi, India
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crunch and repay their debts. About 10% 
of the vessels that changed hands in the 
second-hand market were either built 
in 2016 or are expected to be delivered 
in 2017 and beyond. This is significantly 
lower than last year: in Q1, 2016 about 
35% of the vessels were built in 2015 and 
2016. Earnings are expected to strengthen 
further, improving the financial position of 
ship-owners. Hence, new-build resale is 
likely to slow down from 2017.

EXCESS SUPPLY TO FALL
Drewry retains its view regarding moderate 
growth in the fleet supply during 2018 and 
2019 because of the weak order-book. 
However, as charter rates improved in Q1, 
2017, deliveries increased over the previous 
quarter. Moreover, a large chunk of the 
order-book is scheduled to get delivered in 
2017, while the inactive fleet is expected to 
re-enter the waters. Hence, the fleet is likely 
to grow at slightly below 3% in 2017.

DEMOLITION TO GO SLOW
In second-half 2015 and first-half 2016, 
charter rates touched their nadir, making 
it difficult for ship-owners to cover even 
operating costs. Such desperate situations 
led a large number of vessels to the 
scrapyards. In fact, young vessels of 15 years 
fell prey to this awful situation. However, 
since the dry bulk market is recovering and 
charter rates are expected to improve from 
2017, Drewry believes demolitions will 
decelerate in 2017-19, but will pick up pace 
thereafter once the IMO regulation on SOx 
comes into play.

When supply is expected to remain under 
check, the dry bulk market becomes more 
demand-dependent than ever before. A 
shift in trade lanes is expected to influence 
dry bulk market more than the increase in 
demand itself. 

CHINA-BRAZIL IRON ORE TRADE 
China’s growing imports from Brazil will 
increase tonne miles by more than three 
times compared with its imports from 
Australia. There has been a shift in China’s 
imports from Brazil in late 2016 and early 
2017. With Brazil’s S11D plan set to mine 
iron ore at a substantially low cost, there 
could be an increased shift towards sourcing 
iron ore from Tubarao. The shift in trade will 
bring more cheer to dry bulk owners.

Apart from iron ore, coal has played a key 
role in the resurgence of rates so far this 
year and is likely to play a major part in any 
further recovery. However, Chinese coal 
imports have remained volatile in the past 
and any definitive dependence on China 
might not help. A lot of hope hinges on 
Indian coal imports and a resurgence in the 
US coal story, which could support vessels 
trading in the Atlantic Basin.

Figure 1: Source: Drewry’s Dry Bulk Forecaster, 1Q17
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Figure 2: Source: Drewry’s Dry Bulk Forecaster, 1Q17

18%

19%

20%

21%

22%

58%

60%

62%

64%

66%

2014 2015 2016

Australia Brazil (RHS)

Figure 3: Source: Drewry’s Dry Bulk Forecaster, 1Q17

  EDITION 74: SUMMER 2017    123 

DRY BULK AND SPECIALIST CARGO HANDLING 



TRUMP AND US COAL
The US exported more than 30 million 
tonnes of thermal coal in 2013, but as prices 
started falling, it became less profitable 
to produce coal in the country. Many coal 
miners started incurring losses, resulting in 
financial distress. The behemoth Peabody, 
had to file for chapter XI protection in April, 
2016 as it could not compete with cheap gas 
in addition to a slowdown in China’ s coal 
imports. Moreover, by end-2015 because 
of the Paris Climate Convention, there was 
a shift in US energy production, increasing 
the focus on renewables in 2016. Hence, 
despite improved coal prices in 2016, US 
exports kept declining. On the other hand, 
natural gas has replaced coal as the largest 
source for producing electricity in the US.

The Trump administration came into office 
on the promise of repealing Paris Climate 
Convention, and to reinforce coal production 
to bring back coal jobs. If this happens, an 
increase in the use of US coal could bring 
a further rally in its price and increase its 
production, which could boost coal exports 
from the US, supporting rates in the Atlantic 
Basin. However, the impact will only be seen 
once the global renewables sector shape up.

IMPACT OF RENEWABLES 
The declining cost of producing energy 
from renewable sources and general 
acceptance of COP21 may impact the use 
of coal as a major source for producing 
energy. Although the share of renewables 
in energy production is quite low for most 
major economies, any shift away from coal 
could hamper the dry bulk trade over the 
medium term (1-3 years). The share of 
renewables in the energy production of 
China, India and the US remains between 
15-20% as coal fulfils most of the energy 
requirement. Given the low base of 
renewables, Drewry expects the coal trade 
to remain dominant in the short term 
(over next one year). 

In its 13th five-year plan on power, China 
aims to limit its coal-fired power generation 
capacity to 1,100 GW, which is 20% higher 
than the current 920 GW. Thus, despite its 
efforts on reducing CO2 emissions, China 
plans to use more coal, keeping dry bulk 
vessels employed in the Pacific. Drewry 
expects the country’s thermal coal imports 
to increase by 4% annually over the next 
five years.
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Catastrophic fires and explosions have 
happened when transferring or storing 
flammable liquids and gases, and there is, 
at most ports, a high level of awareness, 
training and technical precaution against 
such incidents. But how many people know 
that there is also a high risk of explosion and 
fire associated with many dry cargoes? More 
worryingly, how many ports have the same 
level of training and awareness amongst 
workers in how to prevent such incidents 
with dry cargoes?

Biomass is one of the fastest growing bulk 
shipping sectors, fuelled mainly by wood 
pellets coming in to Europe to replace some 
of the coal used by existing power stations. 
Obviously as a fuel it is combustible; the 
same can be said for coal, but animal feed, 
grain, sugar and other organic material can 
behave in the same way.

DUST DANGERS
A big practical problem with organic dry 
cargoes is dust; often food, feed and biomass 

dust is far more dangerous than coal. Pellets 
or grain at typical moisture contents of 4% 
to 8% are dry to the touch, so dust particles 
don’t bind to the surface like they do to 
coal. The dust particles are lighter, so they 
become airborne easier, travel further, and 
settle over a wider area compared to coal.  

Furthermore, organic dust often contains 
mould spores, which are hazardous to health 
and can lead to “Farmer’s Lung” (also known 
as alveolitis), the most common industrial 
disease in the agricultural industry. If the 
dust settles anywhere damp, the mould will 
multiply and release more spores. Settling on 
anything electrical, it causes heat to build up, 
and can start to smoulder and initiate a fire 
(this happened on a lamp at Tilbury Power 
Station in February, 2013, leading to a fire 
causing $50M of repairs and lost production). 
Airborne in a cloud, the dust is explosive and 
can be set off by hot surfaces or sparks.

Minimising and controlling dust has to be 
top priority, first by designing the handling 
systems to reduce breakage of the particles, 

then by containment and ultimately 
some extraction where there is no other 
alternative. Do not try to use extraction 
as a substitute for good prevention and 
containment, extraction is the most 
expensive and least effective contributor to 
effective dust control.

KEEP IT CLEAN
Controlling explosion hazards is a must. 
Where dust can build up in enclosed spaces; 
silos, sheds, filter houses and so on, there is 
potential for an explosion, so you need to 
either keep the dust level down, or provide 
explosion venting.  In Europe, “ATEX” is the 
watchword – it stipulates how you carry 
out a risk assessment and decide on the 
level of explosion hazard in each area of the 
plant (“zoning”), then the ATEX equipment 
ratings enable you to select equipment 
that is safe to use, according to the level of 
explosion hazard present in each area.  It’s 
a good system, and easy to use once you 
understand it.  

SAFETY AGAINST FIRE 
AND EXPLOSION 
IN DRY CARGO HANDLING
Professor Mike Bradley, Director, 
The Wolfson Centre for Bulk Solids Handling Technology, University of Greenwich, Kent, UK
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The most important factor in keeping a 
plant safe is simply preventing dust from 
spreading through the facility, and cleaning 
up dust that settles. Catastrophic dust 
explosions that demolish facilities and kill 
people (YouTube search “Imperial Sugars” 
for an example) are usually secondary 
explosions caused by dust on the floor, 
beams, lights, cabinets and so forth, being 
brought up into the air by an initial event, and 
then leading to a fireball that rips through 
the whole place incinerating anyone in its 
way. Essentially, if there’s enough dust to 
write your name in, it’s time to get it cleaned 
up. Keeping housekeeping up to near food 
factory levels is quite literally, a matter of life 
and death for the operatives.

Mobile plant (e.g. shovels and dozers) used 
in sheds and cargo holds for trimming needs 
to be protected against producing ignition 
hazards, and overheating due to dust ingress. 
Usually this means conversion of the machine, 
costing more than the first purchase price. 
These machines also need to be kept clean – 
budget for an hour of cleaning in every three 
or four hours of use, and make sure the dust 
is kept out of the cab.

SELF-HEATING AND FIRE PROTECTION
In storage, many combustible cargoes can 
self-heat. We don’t fully understand this 
process – but the main protection is to get 
the cargo in, turned around and out in a 
short enough time to stop them from getting 
to thermal runaway stage. Make sure you 
have proper stock rotation – in a silo, do you 
know if you will have “mass flow” (first-in-
first-out) discharge or core flow (first-in-last-
out)? If you’re not sure, make sure you find 
out, because it’s critical to the operation and 
the need for regular complete emptying to 
prevent fires.  

Monitor temperatures and look out for 
smouldering material coming into a store, 
and use both CO trending (not an alarm 
level as you would for coal) and multi-gas 
detectors. In spite of this, you will have a fire 
one day in your store (it’s a case of when not 
if) so be prepared with a comprehensive fire 
strategy. Do not just rely on local firefighters 
because experience shows that they usually 
do not know how to tackle a dry cargo blaze 
and will often make matters worse, not 
better. To avoid loss of the facility, be ready 
with the right plans and equipment to deal 
with it yourself in the right way so no-one is 
put at risk.

LOADING AND UNLOADING
Handle to minimise breakdown of the 
particles, as well as containing dust. Grab 
unloading is most particle-friendly, but 
causes most spillage – design of the grab 
discharge hopper with good containment 
and local extraction is critical. Continuous 
ship unloaders are more efficient, but can be 

more problematic – bucket wheel machines 
create clouds of dust, pneumatics cause 
much more breakdown of the particles – but 
there is no single right answer, the machine 
needs to be chosen carefully according to 
the operating context, as does the storage 
facility, flat store, dome or silos?.

CONVEYING
Conveyors need to be designed to incorporate 
the latest “hood and spoon” chute technology 
– traditional transfer point designs will destroy 
the pellets and lead to massive dust problems 
– and implement the latest research in 
stilling chamber design. Then, with a small 
amount of extraction judiciously applied, dust 
problems will not exist. Conveyors must be 
protected against rain ingress and wind lift-
off, but whether conveyors should be fully 
covered or open within a larger wind-proof 
gallery is a moot point. 

Fully covered conveyors contain dust, but 
if they are not cleaned out regularly, they 
offer the perfect conditions to conduct a 
secondary dust explosion through the plant 
(Imperial Sugars, once more).  Uncovered 
conveyors should not suffer excessive dust 
build-up, if the transfer point designs are 
done correctly and draughts are kept out of 
the galleries and transfer towers, but will still 
require regular cleaning. 

TRAINING
The safety and efficiency of the operation 
depends on the experience and expertise 
of the designer and operators. However, 
bulk solids handling does not make it into 

the curriculum of most engineers and 
operators, so many people feel their way 
into the technology and this can lead to 
mistakes along the way. So the single most 
important factor is getting all the people 
trained up, from the procurement team so 
they know what they need to buy, through 
the designers and contractors so they can 
optimise the design, to the operators so they 
can work safely. For this reason, The Wolfson 
Centre for Bulk Solids Handling Technology 
has developed a suite of short courses for 
those interesting in handling dry cargoes. 
Getting all the people along the chain to 
know what they are up against is the single 
most important key to commercial success 
in the dry cargo business.

ABOUT THE AUTHOR

Mike Bradley is Professor in Particle and Bulk 
Technology and Director of the Wolfson 
Centre. He was awarded both his honours 
degree and PhD from Thames Polytechnic 
(now the University of Greenwich) and, as 
Manager and Director, provides technical 
leadership in all aspects of bulk solids 
handling. His particular areas of interest lie 
in pneumatic conveying, design of hoppers 
and silos, dust control, plant integration 
and maintenance of product quality. He is a 
member of Solids Handling and Processing 
Association (SHAPA) and Chair of their 
Technical Committee, Materials Handling 
Engineers Association (MHEA) and of the 
Institution of Mechanical Engineers Bulk 
Materials Handling Committee (IMechE).  

ABOUT THE ORGANISATION

The Wolfson Centre for Bulk Solids Handling 
Technology is internationally recognised 
for its expertise in fields associated with 

bulk particulate handling and in the science 
and practical application of technologies to 
deliver improved process efficiencies. Our 
mission is to help industry to get powders 
and bulk materials to behave predictably 
through processes.
We have developed our portfolio of services 
over nearly four decades of interaction 
with industry, trade associations and 
professional bodies. We offer consultancy 
services to industry, conduct industrially 
focused research related to bulk solids 
handling issues and offer specialist short 
courses targeted at industry professionals

ENQUIRIES

The Wolfson Centre for Bulk Solids Handling 
Technology
University of Greenwich
Central Avenue
Chatham Maritime
Kent ME4 4TB
Tel: +44 (0)20 8331 8646
Email: Wolfson-enquiries@gre.ac.uk
Web: www.bulksolids.com

  EDITION 74: SUMMER 2017    127 

DRY BULK AND SPECIALIST CARGO HANDLING 



In 2015, maritime trade reached a total of 
9.8 billion tons globally, a volume comprising 
mostly containers and dry and liquid bulk 
cargo. Of this total, 4.5 billion tons are dry 
cargoes (such as coal, iron ore, grains, and 
bauxite, among other products). This paper 
examines how the integration of three bulk 
decision-making problems are of critical 
importance to ensure efficient operation 
and use of port terminal facilities. This 
paper investigates an integrated problem of 
planning, product allocation, and scheduling, 
and looks at how the operations research 
and IT can be applied to find minimal cost 
solutions, which involve the use of efficient 
routes and reduction of delays in loading and 
unloading bulk cargo.

ANALYSING OPERATIONS 
A careful and optimized analysis of terminal 
operations is essential to ensure efficient 
transport of loads. However, due to fierce 
competition and increased product flow, 
optimization cannot be more isolated, i.e., 
to ensure a competitive differential, low 
costs and deadlines, all operations and 

mathematical models involved must be 
analyzed and solved in an integrated way. 

The problem investigated herein is 
motivated by a real case, involving the 
production planning, product allocation and 
scheduling of products in the largest bulk 
port terminal existing in Brazil. The solutions 
obtained by investigating this problem can be 
applied not only to bulk ports but also in other 
operations that involve the flow of cargo 
between supply, stock and demand points.

In general, the production planning 
decides when and how many products 
must be produced, the product allocation 
establishes the best positions for the products 
to be stored, and the scheduling takes into 
account shop-floor settings to determine 
how the production must be executed. The 
independent optimization of these problems 
can lead to non-optimal solutions, thus 
the need to combine the decisions levels. 
Integrated methods consider both problems 
simultaneously that brings better solutions. 
That is, they produce decisions that offer 
better gains regarding freight transportation, 
cost savings, and deadlines.

INTEGRATED PLANNING, ALLOCATION AND 
SCHEDULING DECISIONS
There are several challenges involved in 
the optimization of operations in bulk port 
terminals. Figure 1 highlights the three 
major nodes related to this problem (supply, 
stockyard, and demand). The supply node 
represents the arrival or offer of products 
to the system. The stockyard is responsible 
for temporary storage. This storage can 
be done in sheds outdoors in the case of 
iron ore, coal and bauxite, or in silos in the 
case of grains. Finally, the demand nodes 
represent the destination of the product. 
These destinations can be the end customer, 
industries or other cargo terminals. Conveyor 
belts, wagon turner, stacker and reclaimer 
equipment, ships and trains are used to 
transport products between these nodes. As 
equipment can only carry one product at a 
time, it is necessary to schedule the tasks to 
ensure that all goods arrived at the correct 
destination at the right moment.

The integrated problem of planning, 
allocation, and scheduling in bulk cargo 
can be defined as follows: let us consider a 

OPTIMIZING 
OPERATIONS
IN BULK TERMINALS
Professor Gustavo Campos Menezes, Professor Geraldo Robson Mateus and
Professor Martín Goméz Ravetti, UFMG, CEFET-MG, Brazil
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variety of products arriving at a port terminal 
(supply); they need to be transferred to 
meet the demand in a set of a pier or to a 
local storage area (stock). The production 
planning, allocation, and scheduling problem 
defines the amount and destination of each 
product and simultaneously establishes a set 
of feasible routes to guarantee that the ships 
will load on schedule. 

ADAPTABLE SOLUTIONS 
The general problem can be adapted for 
different applications, such as in the mining 
industry, where a supply node can be the 
ore mining, a yard (mineral storage) and 
demand nodes a railway. In a port terminal 
where supply nodes are the arrival points of 
products, a storage yard is the place where 
the products are stored in the terminal 
and the point of demand a berth where 
the ships await loading. In agroindustry, 
products handled can be grains, such as soy, 
corn, wheat, and so forth. In goods delivery 
companies, in which specific equipment 
receives the products of transport vehicles, 
these products need storage areas to deliver 
in to their final destinations.

Optimization problems can be organized 
into three main modules: production 
planning, scheduling, and allocation. 
These three modules are subdivided into 
sub-problems: lot sizing, blending, berth 
allocation, bin packing, stockyard allocation, 
route scheduling, equipment scheduling, 
yard truck scheduling, and so forth. These are 
already challenging problems when solved 
individually, and the challenge is even greater 
when solved in an integrated way, requiring a 
significant computational effort. 

COMPUTATIONAL TOOLS
We are currently working on designing 
mathematical models and algorithms that 
take into account some of these problems. 
We develop computational tools capable 
of integrating the planning, allocation, and 
scheduling problems. Where the primary 
solutions are related to product flow 
planning (ore, coal, and grains), selection and 
allocation of equipment, routes and storage 
areas, as well as the scheduling of routes 
and tasks related to loading and unloading 
cargos. Our solutions are up-to-date with 
recent technological developments in IoT, 
data mining, and analytics. Our decision-
making tools are focused on the three levels 
of analytics:
1. Descriptive Analytics: Tools for 

consolidation of data sources, customized 
reports about the past operations, 
describing bottlenecks, delays, and 
failures. Statistical analysis of loading and 
unloading cargo, supply and demand

2. Predictive Analytics: Information 
systems to predict the maintenance plan 
of equipment and routes, based on its 
use; reports and analytical tools to help 

forecast supply, demand, operations, 
and inventory

3. Prescriptive Analytics: Optimization 
and simulation algorithms to guide 
production, scheduling, and inventory, to 
make sure that deliveries contain the right 
products at the right time

Adequate investment in technologies 

and solutions for the optimization in bulk 
cargo ensures an immediate operational 
return, reducing costs, fines, anticipating 
failures, delays, and fluctuations in supply 
and demand. Technology, innovation and the 
data revolution can significantly transform 
the bulk cargo industry, generating challenges 
and opportunities for all participants.

Figure 1: Planning and scheduling decisions in bulk cargo
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“The information, or ‘knowledge’, revolution is evidence of 
a continuous effort by humanity to achieve more for less. 
The spread of information technologies and automated 
technologies has marked evolution, but more lies ahead 
as the integration of the characteristics of each new 
industrial revolution creates the drive towards the next 
supposedly impossible target.”

Professor Evangelos Markopoulos, Professor Angelos Markopoulos, Panos Markopoulos,  
and Professor Mika Luimula, page 135
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The human element is implicated in over 
80% of mariti me accidents. Recent high-
profi le accidents in shipping have focused 
att enti on on the role of human factors 
in ensuring the safety of the mariti me 
transport system. ‘Human Factors’ is 
the term used to describe the scienti fi c 
discipline which analyses the interacti ons 
between humans and other technical and 
non-technical elements of a system. 

HUMAN FACTORS TRAINING
Human Factors training is a special type of 
safety training that focuses on improving an 
organisati on’s ability to tackle the human, 
organisati onal and socio-technical risks that 
it faces on an everyday basis. HF training 
has been mandated in the aviati on sector 
for almost 20 years. This means that all 
personnel have to receive inti al HF training 
on a range of topics related to safety and 
this training is updated at periodic intervals 
to ensure complacency doesn’t set in. The 

typical topics covered in aviati on HF training 
include percepti on, noise, illuminati on, 
errors, incidents, team working, leadership, 
conti nuous improvement. The aviati on 
sector is oft en viewed as the gold-standard 
in terms of safety-criti cal industries. There 
is one crucial way of looking at why the 
aviati on sector has a good reputati on. 

THE ROLE OF SAFETY CULTURE
Aviati on has a mature safety culture and 
can be classifi ed at the ‘proacti ve’ stage. 
Currently the mariti me sector is at the 
‘reacti ve’ stage of safety culture – only 
investi ng in safety and human factors as a 
reacti on to an accident or incident. This is 
not to say that it’s all bad in the mariti me 
sector – some operators do invest heavily 
in safety, but as a sector mariti me is 
fragmented and the lack of standardised 
regulati on means it will be playing catch-up 
for some ti me yet. 

DRIVERS FOR TRANSFERRING LEARNING
Safety is one of the main drivers for 
transferring learning across sectors or 
domains. Indeed, it is safety criti cal 
industries that are most acti ve in trying 
to transfer learning and innovati on. The 
reasons for this are two-fold: 
1. Safety criti cal industries have a 

moti vati on to learn from the mistakes 
of others and avoid repeati ng the same 
mistakes 

2. Regulati ons in sectors with a strong 
safety culture can drive innovati on and 
the transfer of learning as companies try 
to comply with the regulati ons

The relati onship between safety and 
effi  ciency has, in the past, been viewed 
as a compromise. You can be safe, or you 
can be effi  cient, but you cannot be both. 
This noti on that they are competi ng goals 
for an organizati on – on the one hand to 
operate safety, and on the other hand to 
operate effi  ciently – was entrenched in 

HUMAN FACTORS 
AND TRAINING
FOR SHIPPING AND PORT OPERATORS
Dr Paul Liston, and Professor Siobhan Corrigan, 
Centre for Innovative Human Systems, Trinity College Dublin, The University of Dublin, Ireland 
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many sectors for many years. This idea is 
now losing traction and safety-oriented 
performance improvement exercises 
are demonstrating that you can achieve 
safety goals alongside economic ones. 
Indeed a study in aviation maintenance 
demonstrated that a safety improvement 
initiative had an improvement on efficiency 
resulting in a saving of 22 days for the 
customer and earning the maintenance 
company a substantial bonus.   

THERE ARE TWO MAIN WAYS TO APPROACH 
TRANSFER:
1. Bottom-up: "We need something to help 

us tackle this problem, let’s look to other 
sectors to see what they are doing"

2. Top-down: "x tool works well in y sector 
– we should transfer it to our sector"

The first approach is a problem focused 
approach. The second is an opportunity 
focused approach. Each of these 
approaches brings with it the risk that you 
transfer a tool or a technique from another 
sector, which in the first instance might not 
be adressing the same type of problem, 
and in the second instance might not be 
feasible in the other sector. For this reason 
a structured approach has been proposed 
to systematically examine how suitable for 
transfer a solution may or may not be.

A STRUCTURED APPROACH TO TRANSFER
This methodology was developed as part 
of the EU-funded research project entitled 
SEAHORSE. This project sought to identify 
safety innovations from the aviation sector 
which would be beneficial (and feasible) 

for transfer to the maritime sector. The 
approach has three steps:
1. Comparison: Comprehensively comparing 

the sectors involved to establish a common 
database of safety dimensions and sector 
characteristics — this looks at the entire 
socio-technical system, not solely those 
parts of the system in which the problems 
are currently

2. Match: The comparison provides 
information on the needs of the 
“destination” sector and the potential 
offering of the “departure” sector. This 
is the input to matching the safety 
needs of one domain with the successful 
solutions implemented in the other 
domain. The identification of successful 
solutions in the departure destination is 
comprehensive and not limited. Part of 
this process involves the specification 
of scenarios which are practical 
instantiations of a particular need

3. Adaptation and Implementation: 
Those solutions which match the 
identified needs are then adapted and 
implemented in a systematic manner, 
taking into account the impact on other 
parts of the system also

 [Extract from Liston et al. (2017)]

TRANSFERRING HUMAN FACTORS 
TRAINING 
This presents an opportunity for the 
maritime sector to transfer human factors 
training from the aviation sector to the 
maritime sector in an effective manner. We 
can briefly summarise the application of 
this approach as follows: 

COMPARISON
Human factors training in the aviation 
sector is required by regulations and aims 
to improve the awareness of safety and 
human factors risks, thereby increasing 
the resilience of the entire aviation 
system. Human Factors Training for aircraft 
maintenance technicians aims to train 
individuals on possible issues that may 
exist during their everyday tasks. It is also 
designed to train the individual how to 
identify hazards and prevent them from 
becoming incidents or accidents. The 
effectiveness of HF training in aviation is 
typically monitored through (1) the number 
of reported hazards, incidents or accidents; 
(2) interviews and safety surveys, and (3) 
observations.

Currently the maritime sector does 
not have legislation requiring HF training 
for all crew. Despite the potential 
regulatory implications for HF training 
on design and operational prcedures 
this is a feasible solution for transfer. 
High expected benefits and low costs of 
adoption.  

MATCH
There is no doubt that Maritime Safety 
Management is facing many challenges 
with recent reports of an increase in the 
frequency of accidents both in shipping 
and at ports. From 2004 – 2013, 11 people 
were killed whilst working in Irish ports and 
docks. The main causes of the fatalities 
were falls from height, being crushed or run 
over by a vehicle and being hit or struck by 
an object (HSA, 2015). 
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Numerous non-fatal accidents and 
injuries also occurred. The most common 
causes of non-fatal injuries in the sector 
are slips, trips and falls, loss of control of a 
machine, people being hit by objects and 
manual handling. A recent Safety Culture 
assessment survey carried out at a large 
European port identified a number of 
Human Factors training needs that were 
necessary in order for them to move from 
their current ‘reactive’ state of safety 
maturity to a more ‘resilient’ state. The 
most salient training needs that emerged 
from the study were:
• More effective communication both 

within and across teams and also across 
tenant companies

• More effective team-work and an 
understanding of what motivates safe 
operational practice

• More trust in the reporting systems and 
their means to promote a learning & 
resilient safety culture

• More awareness of the fundamentals 
of the causes of human error and to 
avoid these errors

• More awareness of hazards in the 
work-place and how to avoid them

These needs could be realised with 
effective Human Factors training which 
would focus maritime staff on improving 
their perceptions of human error, decision 
making, and their overall situational 
awareness. The requirement is now on 
Human Factors Research to respond to 
this need by transferring learning from 
aviation into this sector and develop 
human factors training that can make an 
impact at all levels of operational practice.  

ADAPTATION AND IMPLEMENTATION
Below is the plan for adapting and 
implementing HF training for a port 
operator:
Personnel required to adapt to the 
solution:
• HF
• Safety 
• Technical
• Operational
• Management 
Processes impacted by implementing this 
solution
• Planning
• Training
• Operations
Personnel required to implement the 
solution:
• Safety (outsourced)
• Operational/HR

COSTS:
• Adaption costs: Low: low technical 

complexity of the proposed solutions, 
easily adapted to the maritime domain

• Implementation costs: Low: minor 

organisational constraints for the solution 
adaption and/or ease of implementation 
from a legal point of view

• Costs/benefits evaluation: Costs of 
adaption are relatively low respect to 
the expected benefits of implementing 
the solution

EXPECTED BENEFITS:
short term (up to 3 years) 
• Early intervention in potentially 

hazardous situations by means of 
enhanced anticipatory skills;

• By increasing the number of situation-
aware port operators, group resilience 
is enhanced; as a consequence, the 
probability of timely intervention 
becomes higher and therefore more 
hazardous situations (and accidents) 
will be prevented.

CONCLUSION
This paper has outlined the opportunities 
and challenges inherent in any transfer of 
learning project. In the case of HF training 
it is clear that there are huge potential 
benefits for shipping and port operators to 
adapt and implement aviation HF training 
for the maritime sector. Through the use of 
a structured 3-step approach to transfer it is 
possible to avoid any pitfalls associated with 
transferring unfeasible or wrongly concieved 
innovations and to tailor the solution to the 
needs of the maritime sector and the specific 
shipping or port operator. This methodology 

can help the maritime sector continue its 
safety culture journey and reach maturity in 
a sustainable and consistent manner.
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This is a short version of a longer white 
paper available on the Port Technology 
website

The need for simplicity, mobility and 
accessibility in implementing new 
technologies is the major driver creating 
the new discipline of technology 
gamification. Gamification can be seen as 
an additional element in the technological 
revolution that can change not only the 
way people interact with technology, but 
also the way it meets the current needs of 
society and the global economy. 

This paper attempts to identify the role 
of gamification in the global economy, 
redefine the gamification concept in 
terms of new uses of game technologies 
and highlight its significant impact upon 
modern organizational management.   

CONTINUOUS REVOLUTIONS
The information revolution — a fourth 
industrial revolution after the initial 
engineering,  petrochemical and 
electronic revolutions — hinged upon 
the development of technologies (such 

as computers, digital communication 
devices and microchips) that have led to a 
dramatic reduction in the cost of obtaining, 
processing, storing, and transmitting 
information in all forms. 

The information, or ‘knowledge’, 
revolution is evidence of a continuous 
effort by humanity to achieve more 
for less. The spread of information 
technologies and automated technologies 
has marked evolution, but more lies ahead 
as the integration of the characteristics 
of each new industrial revolution creates 
the drive towards the next supposedly 
impossible target.

TECHNOLOGY-BASED MANAGEMENT
If managers understand organizational 
needs, technology can be used as the 
core tool for optimization, efficiency, 
and productivity. This new management 
paradigm is the discipline of technology 
management, a set of management 
principles that allows organizations to 
manage their technological fundamentals 
to create competitive advantages.  

Technology management can also be 

defined as the integrated planning, design, 
optimization, operation and control of 
technological products, processes and 
services; a better definition would be the 
management of the use of technology 
for human advantage. The Association 
of Technology, Management, and 
Applied Engineering defines technology 
management as the field concerned with 
the supervision of personnel across the 
technical spectrum and across a wide 
variety of complex technological systems. 
Technology management programmes 
typically include instruction in production 
and operations management, project 
management, computer applications, 
quality control, safety and health issues, 
statistics, and general management 
principles.

In the last three decades, technology-
based management has become the 
approach adopted by most organizations 
in nearly all industries. Organizations 
have subscribed to the principle that 
information technology automation can 
increase cost savings, productivity, and 
efficiency. They have raced to adopt the 

GAMIFICATION 
REVOLUTIONIZING DIGITAL STRATEGIES 

Professor Evangelos Markopoulos, Professor Angelos Markopoulos, Panos 
Markopoulos, and Professor Mika Luimula, Sparthink, San Francisco, USA

  EDITION 74: SUMMER 2017    135 

TRAINING & SIMULATION



newest technologies in an attempt to 
increase or maintain their position in the 
market.

However, technological needs cannot 
be properly defined if organizational 
knowledge does not exist to define them. 
In essence, going after technological 
trends does not ensure the best solutions 
or the desired results. 

KNOWLEDGE-BASED STRATEGIC 
MANAGEMENT
Knowledge management is the process 
of capturing, developing, sharing, and 
effectively using organizational knowledge. 
It refers to a multi-disciplined approach 
to achieving organizational objectives by 
making the best use of knowledge. These 
efforts typically focus on objectives such 
as improved performance, competitive 
advantage, increased innovation, the 
sharing of lessons learned, improved 
better integration, and continuous 
improvement of the organization. 

SIMPLIFYING COMPLEXITY
Knowledge management contributes 
towards making complex things simple for 
personnel by taking their knowledge and 
capabilities into account when forming 
organizational processes and systems. 
Likewise, cognitive science studies the 
simplification of organizational processes 
so they are easily understood and accepted 
by personnel. By making organizational 
systems and processes simple, we can 
ensure they are highly adaptable and 
produce the desired results.  

The reduction of the science, 
technology, engineering and mathematics 
(STEM) professionals in many Western 
countries is now being considered a major 
threat to the global economy. Knowledge 
management is an important approach to 
understanding the capability and maturity 
of the organizational workforce in order 
to add technologies that can do complex 
work in a simplified way.  The challenge of 
hiding operational complexity in simplified 
processes and technology can be achieved 
via the new discipline of gamification.

GAMIFIED BUSINESS MANAGEMENT 
With the rapid development of mobile 
technologies, the workstations of the 
very near future will be capable of being 
carried everywhere. The combination 
of simplicity and mobility can give 
tremendous advantages to the companies 
that can apply such technologies and 
management practices in their workforces. 
Put simply, by working in a simplified and 
fun environment anywhere and anytime, 
productivity increases.

The same concept can also be applied in 
organizational management via gamified 

processes, organizational structures and 
operations to achieve organizational goals. 

Formality and prosperity has created 
bureaucracy, and that stands against 
motivation, inspiration, vision, and 
creativity at a personnel level. As long 
as humans, as employees, have a role, 
be it any role in an organization, not 
only their work but their participation 
must be a top management priority. 
Gamification in technological applications 
and systems has been created to develop 
the simplicity needed to get more people 
to participate in training, among other 
technology initiatives, therefore achieving 
knowledge. In the same vein, gamification 
in management processes will create 
simplicity and reduce bureaucracy, 
resulting in more participation, knowledge 
generation, and utilization.  

Conclusion
Gamification has become a promising 

and leading discipline with current 
applications in technology training and 

management. As the world seeks simplicity 
to resolve complexity, gamification is not 
only a solution, but also a strategy.

Gamification, characterized by 
simplicity, mobility and accessibility, is 
strong enough to ignite a revolution, the 
outcome of which cannot be predicted at 
this time. 

The adaptation of gamification in 
technology brings us closer to a reality 
that was once considered science fiction. 
The gamified usage of technology can 
increase the number of technology users 
in a pleasant but also secure and controlled 
environment. 

Developing technology that can be 
used by all, at all times, with pleasure, 
security and control, requires more than 
technical and artistic expertise. Knowledge 
management has a significant role in the 
development of gamified technologies, 
as well as in gamified organizational 
management models.
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