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A new year and with it a shared sense of 
optimism throughout the maritime industry 
with numerous ports reporting their best 
cargo volumes since pre-recession levels.  
It finally feels like the maritime industry 
is getting back on its feet and the future is 
looking bright once more. 

Across the world, port projects to increase 
global capacity continue. In Europe, DP 
World London Gateway has opened its docks 
to commercial shipping and Liverpool’s much 
anticipated second container terminal is well 
underway and on schedule. Elsewhere, Russia 
and Greece have also announced their own 
ambitious plans to enhance the cargo handling 
capabilities of their respective ports. The rapidly expanding Chinese port sector is showing 
no signs of slowing down just yet and the same can be said for the Middle East, with Dubai 
recently celebrating the inauguration of Jebel Ali’s Terminal 3 and the multi-billion dollar Doha 
Port project beginning to take shape. In Africa, foreign investors from all corners of the globe 
vie to take advantage of the abundance of port-related developments planned for the continent.  
President Obama’s promise to provide the US port sector with the funding it needs to remain 
competitive has been gratefully received, while the Panama Canal Expansion Program, despite 
its much reported contractual issues, still remains on course for its 2015 completion. 

However, the lessons of the past still linger and there remains an air of caution. 
The shipping industry for example, which felt the brunt of the economic downturn, has 
responded by introducing a series of vessel sharing agreements to allow for greater capacity. 
Last year, even the world's three biggest container-ship operators, Maersk Line, CMA 
CGM and Switzerland's MSC, got in on the act through the formation of the P3-Alliance. 
Meanwhile, ports have reacted with a clear focus on productivity and efficiency as a means of 
safeguarding its future. This is no more evident than in the growing influence of automated 
technology in the day-to-day running of port activity. In this issue we have employed the 
services of industry heavyweights ABB (page 36), Kalmar (page 52) and Navis (page 48) 
to provide insight into how automation has become integral not just within the terminal 
environment but as part of their technological solutions. 

It is universally agreed that protecting port assets is vital for our industry. However, one 
area that is often overlooked is Cyber Security. IBM, considered by many as the world’s 
leading IT company, discuss as part of our global issues section (page 12) how ports are 
becoming increasingly vulnerable to this modern security threat. 

Lessons and teachings continue to be the theme of this edition: Prominent industry voice 
and maritime lawyer John A C Cartner (page 28) offers a step-by-step guide as to how the 
US could rationalise and revitalise its maritime industry, Kim Wu (page 64) advises dry bulk 
terminal operators on capacity planning, and Dr Angela Carpenter (page 84) looks at how 
ports can utilise unused waterfront spaces to generate additional income. You will also find 
the first of our dedicated sections focusing on China (page 18). We start with the two papers 
from our friends at the Shanghai Maritime University (pages 19 & 23), who will provide a 
number of contributions throughout the year, and if the first two are anything to go by then 
we are in for a treat.

To conclude it gives me great pleasure to welcome our latest set of industry partners. Sibre, 
Dahua, TBA, Cavotec, Schneider Electric and Shanghai Biny Electric, who join Orbita 
Ingeneria, TMEIC and Varian as our preferred suppliers for 2014. 

Linton Nightingale
Editor 

From the Editor

 @PortTechnology

 http://linkd.in/porttech

lnightingale@porttechnology.org
www.porttechnology.org

Preferred Partners

Edit ion 61: Februar y 2014   1  



  Inter national Association of Mar ine 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

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, stimulating technological 
advancement and improving professional practice. 
www.coprinstitute.org

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

The International Association of Dredging Companies 
(IADC) is a trade organization with more than 50 main 
and associated members in the private dredging sector, all 
of which operate sizeable fleets and are active in the world 
market. IADC works to attract worldwide recognition 
for the dredging industry in general and to increase the 
public’s awareness of the significant contributions of 
dredging towards economic growth and prosperity. 
www.iadc-dredging.com

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 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.

SUPPORTER COMPANIES

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

APM Terminals is an independent business unit and 
operates a global port and terminal network of 50 
facilities with 22,000 employees in 34 countries.

DP World is one of the largest marine terminal 
operators in the world, with 49 terminals across 31 
countries.

PARTNERS IN PUBLISHING

Our Partners in Publishing
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Drive productivity 
with Cavotec’s inspired 
engineering

Cavotec is a global engineering 

group that enables industries 

worldwide to improve productivity, 

safety and sustainability.

Cavotec delivers power 

transmission, distribution and control 

technologies that form the link 

between fixed and mobile equipment 

in the Ports & Maritime, Airports, 

Mining & Tunnelling and General 

Industry sectors.

Cavotec designs and manufactures a comprehensive range of automated and 

power control systems for the ports sector. Its offering includes the unique shore-

to-ship Alternative Maritime Power (AMP) system.

Cavotec’s AMP systems enable ships to switch off their engines while docked and 

connect to shore side electricity. AMP was first introduced in 1983 and is now used 

at ports across Europe, the US and Canada.

The Group’s technologies for ports include MoorMaster™ mooring technology,  

Panzerbelt cable protection systems, motorised cable systems, crane controllers, 

marine propulsion slip rings, power chains and connectors, radio remote controls 

and spring driven cable reels.

I n s p i re d  E n g i n e e r i n g
To find out how Cavotec can support your operations, visit
www.cavotec.com or contact info@cavotec.com



Going green and improving environmental 
performance is high on the maritime 
industry’s agenda and will remain so for 
the foreseeable future. Some may argue 
that its hand is being forced by increasing 
pressure  f rom governments , loca l  
authorities and campaign groups to take 
action, but it now seems that the industry 
is finally waking up to its environmental 
responsibilities. A plethora of green 
projects and technologies have come to 
the fore in recent years and many see cold 
ironing, or alternative maritime power 
(AMP), which supplies electrical power to 
vessels at the dock, as the most advanced 
and feasible long-term solution.

Surprisingly, shore-to-ship power is not 
new on the scene. The technology has 
been available to shippers and ports alike 
since the early Nineties, while the concept 
can be traced as far back as when ships 
were powered by coal-fired engines. Back 
then when a ship was moored there was 
no need to continue to feed the fire and 
the iron engines would literally cool down 
until they went cold, hence the term ‘cold 
ironing’. However, the cooling process took 
time, although time enough for both the 
ship and its crew to keep warm before the 

engines were fired up and the ship was 
ready to set sail once more.

The majority of today ’s ships still 
rely on auxiliary engines for their main 
supply of electricity to fulfil on-dock 
duties despite having numerous onshore 
power solut ions at  their  disposal . 
Emissions from the burning of diesel 
to power onboard generators are the 
primary source of pollution within the 
port environment. Shore power not only 
eliminates this air pollution but reduces 
noise and vibrations, whilst saving on the 
cost of fuel and the maintenance of the 
ship’s engines and generators. Yet still 
ships and ports refrain from making the 
transition to the environmentally friendly 
technology. Given the advantages of the 
technology it begs the question as to why 
onshore power systems have not become 
a permanent fixture on the quayside at 
ports around the world, and why many 
ships lack onshore power connection 
capabilities. 

Many attribute the delay to this onshore 
power revolution to the old age factor 
of money and the incurring cost of its 
implementation. Some also point to the 
difficulty of installing the equipment given 

that ports by their very nature are seldom 
one and the same. Variations in berth size 
and location mean that installation projects 
and the planning behind them are often 
time consuming and costly, two things 
ports can ill afford. Installing onshore 
power can also disrupt operations, again 
something the port and its stakeholders 
can do without. 

Taking all of this into account you 
can forgive the respective port and 
shipping industries to some extent 
for not embracing the technology. 
However, in January this year onshore 
power advocate and supplier Schneider 
Electric launched its ShoreBoX solution, 
something the French firm hopes will be 
an industry game changer. ShoreBoX is 
a compact, all-in-one system that comes 
in a striking white shell, ready to plug 
ships directly into the national grid. 
Arriving fully tested, it can be installed 
and commissioned on site within a 
fortnight allaying any disruption concerns 
for the port, who, according to a study 
undertaken by Schneider, after an initial 
investment will breakeven within just 
three years by charging vessels to plug 
in at the dock. Ships paying these port 
dues will also save money on the cost 
of burning bunker fuel so that they too 
can join ports in meeting environmental 
directives and regulations in the most 
profitable way. Shippers will also be 
pleased to hear that the system is 
adaptable to the different power demands, 
connections, and electrical frequency of 
their vessels. Ships without an onshore 
power connection can also be retrofitted 
to meet the connection requirements for 
ShoreBoX. 

The case for cold ironing is 
heating up  
Linton Nightingale, editor, Port Technology International, London, United Kingdom
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Cruise ships calling Californian ports, such as the Port of Los Angeles (pictured), are 
required by law to have onshore power connection capabilities.

Schneider Electric’s new onshore 
power solution. 
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So it would seem that with the 
introduction of ShoreBoX many of the 
negative aspects associated with alternative 
marine power could be a thing of the past. 
Yet if this next generation system is to 
lead us into an onshore power revolution 
then much of the industry and those 
connected still need to be convinced that 
this method is the way forward. It has long 
been assumed that legislation governing 
both shipping and port emissions would 
prove to be the catalyst to kick-start this 
revolution. 

For example, look to California, where 
cruise liners can only call the US state’s 
ports if they have shore connection 
capabilities, or China, which is set to 
promote onshore power as part of its 
proposed five-year plan to mitigate 
maritime emissions, then this statement 
rings true. Likewise, in the UK, where the 
government is reluctant to push through 
such legislation, few terminals offer 
onshore connectivity. However, a number 
of its major port developments have the 
infrastructure in place to install onshore 
power systems in the near future. One of 
these ports, Liverpool is currently locked 
in a two-way battle with Southampton 
to become the country’s principle cruise 
destination. Its cause has been helped by 
its ability to offer onshore connectivity, 
something US-based cruise companies 
in respect of new laws governing the 
country’s western seaboard, now see as 
essential. Southampton, if it is to keep 
pace with its rival and continue to attract 
the lucrative US cruise market, will have 
to follow suit. Therefore, despite the UK’s 
hesitancy to introduce onshore power at its 
ports, commercial markets like that of the 
cruise industry could inadvertently leave it 
with no choice but to revaluate its stance. 

With more countries expected to 
endorse legislation related to tackling the 
issue of maritime pollution, an increasing 
number of countries, such as the UK in 
this instance, will have no choice but to 
bow to external pressures and incorporate 
onshore power as part of its operational 
set up. With this in mind and how the 
industry by its very nature is globally 
intertwined it is only a matter of time until 
the modern communication known as 
‘cold ironing’ is universally deployed. The 
industry is waiting; it is just a case of who 
makes the first move.

Bedeschi to equip Russian coal 
export terminal
Bedeschi has signed a multi-million 
dollar contract to provide port-related 
equipment for a new coal export terminal 
in Russia’s Far East. The deepwater 
coal handling facility, to be known as 
Vanino Port, will form an integral part 
of a US$6.7 billion project to enhance 
the capacity of the Elegest coal mines 
located in the centre of the Tuva Republic 
near Kyzyl. The ambitious project, 
being undertaken by Russian firm Tuva 
Energy Industrial Corporation (TEIC) 
LLC, includes the construction of a 
400-kilometre railroad connecting the 
mine to the region’s main commercial 
hubs and the new port terminal.

CMA Terminals joins ICTSI to 
develop Nigerian port   
International Container Terminal 
Services Inc. (ICTSI) has signed an 
agreement to sell a 25 percent stake in its 
Nigerian subsidiary Lekki International 
Container Terminal Services LFTZ 
Enterpr ise (LICTSLE) to CMA 
Terminals, the terminal operating arm of 
French giant CMA CGM. LICTSLE 
will form an integral part of Nigeria’s 
US$1.4 billion Lekki Port, a 90-hectare 
complex currently under development 65 
kilometres east of Lagos. ICTSI signed a 
sub-concession in August 2012 to both 
equip and operate the box facility, located 
within the Lagos Free Trade Zone, on 
an exclusive 20-year basis. The container 
terminal will have a handling capacity 
of 2.5 million TEU when it opens to 
commercial shipping in 2017.

Plans for a new mega port in 
Singapore   
The Port of Singapore is getting ready 
to lure manufactures such as Samsung 
Electronics Co. and Honda Motor Co 
with a new mega port west of its current 
1,000 hectare site. Capacity at the port 
would double to handle as many as 65 
million boxes a year. The first phase of 
the expansion is slated for completion 
within the next ten years at a cost of 
US$7.9 billion and would see Singapore 
retain its crown from Shanghai as the 
world’s largest container port.

ABS releases advisory  
for Northern Sea Route 
Navigation
ABS has released its Navigating the 
Northern Sea Route Advisory to 
support shipowners and operators 
intending to transit the increasingly 
p o p u l a r  c o m m e r c i a l  s h i p p i n g 
routes through the Arctic seas. The 
comprehens ive  Advisor y, which 
was developed with assistance from 
Russia’s Central Marine Research 
and Design Institute, provides owners 
with the information they need to 
apply for permits and to identify the 
possible technical and operational 
risks that could arise when trading in 
some of the world’s most challenging 
commercial shipping environments. 
The Advisory inc ludes guidance 
on the Arctic environment, NSR 
Regulations, Winterisation strategies, 
the practice of navigating in ice-
covered waters and information on 
NSR ports.

President Obama  
reiterates need for US port 
investment
President Obama has spoken out 
once more on the importance of 
continued investment in the US port 
sector. Continuing the trend of greater 
attention being paid to America’s 
seaports in the national media, among 
policymakers on Capitol Hill and top 
officials within the Administration, 
President Obama referenced ports 
in his annual State of the Union 
address for the second year in a row. 
Highlighting the key role the industry 
has not just for the economy but for 
job creation, Obama stated that 
first-class jobs demand “first-class 
infrastructure”.

In Brief

For the latest news, 
and to register for 
our free daily news 
email service, visit 

www.porttechnology.org

News, Headlines &amp; Insights for the global P...
http://www.porttechnology.org/

http://kaywa.me/ede0T

Download the Kaywa QR Code Reader (App Store &Android Market) and scan your code!
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Po r t s  a r e  c r i t i c a l  i n f ra s t r u c t u r e s . 
Unavailability of a large port could present 
a major economic incident for a state or 
country, and could bring 'just in time' supply 
chains to a grinding halt in a number 
of days. Due to their interconnections 
and dependency on information and 
communications technology (ICT) systems 
and the internet, ports are increasingly 
vulnerable to cyber attacks. A solid cyber 
security plan is a must in any modern port. 
How ready are you?

Ports are critical infrastructures
Critical infrastructure in any country’s 
context can be defined as physical 
facilities, supply chains, intangible assets, 
communication networks etc. whose 
destruction or unavailability for an 
extended period would seriously impact 
the health, safety, security or economic 
wellbeing of that country, its citizens 
and expats, or could cause a large scale 
loss of life, major social disturbance or 
mass casualties. Ports are such critical 
infrastructures.

The y  a re  a  k e y  f a c i l i t a to r  i n 
international trade and logistics, and they 
play a unique role in global supply chain 
activities. The key function of a seaport as 
a connection point between sea and inland 
transportation substantiates its importance 
to a regional economy. 

In the EU, sea ports play an important 
role facilitating the European Union's 
external trade (90 percent of the total, 
in terms of weight) and internal market 
exchanges (43 percent of the total). 
Industries and services belonging to the 
maritime sector contribute between three 
and five percent of EU gross domestic 
product (GDP), and maritime regions 
produce more than 40 percent of Europe’s 
GDP.i Ports are nodal points of inter-

modal logistic chains. They are key for 
the sustainable growth of transport in 
Europe. 

The impact of disruption on port 
operations
Maritime activities are so crucial that 
their unavailability or major delays in 
their supply chain would present a serious 
economic incident. The zero-inventory, 
‘just-in-time’ delivery system that sustains 
the flow of global commerce would come 
to a grinding halt; in a matter of days 
shelves at grocery stores and gas tanks 
at service stations would run empty. In 
certain ports, a disruption affecting energy 
supplies would likely send shock-waves 
through the global economy. The impact 
of the closed sea and airports after 9-11, 
where the automotive industry had to close 
factories within 48 hours after port closing, 
clearly demonstrated the vulnerability of 
the ‘just-in-time’ based economy. 

Risks and vulnerabilities 
Ports are susceptible to various kinds of 
operational risks: accidents; equipment 
failure; mishandling of dangerous goods; 
congestion; labour strikes; inadequacy of 
labour skills and security breaches including 
sabotage, thefts and direct attacks.  

The maritime sector is characterised 
by an extremely diverse international 
labour force, thousands of intermediaries 
and vessel registration practices where 
some vessel owners can easily hide their 
true identity. It has already displayed 
vulnerabil i t ies  in the past  ( i l legal 
smuggling of drugs, etc).  Surprisingly, 
until now the threat of cyber security 
has not been discussed. Cyber security 
th rea t s  shou ld  be  an  impor t an t 
consideration in the maritime sector, 
considering the dependency of many of 

its operational aspects on Information and 
communications technology (ICT).

Cyber security threats

Dependence of ports on ICT
The maritime industry has evolved from 
the ‘paper and fax’ culture and adopted 
process automation through ICT, the use 
of the internet, and integrated IT systems. 
This has helped to achieve reduced cargo 
delays, faster processing times, better asset 
control, decreased payroll, fewer losses due 
to theft, and decreased insurance costs.

While large ports have benefited 
from increased productivity due to IT 
improvements in their supply chain, other 
stakeholders and trading parties ±  small 
shippers, forwarders, land and sea carriers, 
customs authorities, port and terminal 
operators have equally achieved tremendous 
savings and process improvements. Vessel 
turn-around times have been shortened, 
customs c learing accelerated, costs 
associated with redundant data entry 
eliminated and cargo handling costs slashed.

T h i s  h a s  l e d  t o  a n  i n c re a s e d  
dependency on e-processes, electronic 
in format ion  exchange, networked 
computers and control systems. The flip 
side of these operational benefits is that 
ports and maritime operations are now 
vulnerable to cyber threats. Digitisation 
and automation have given networks a 
key role in communications, and ports 
are increasingly dependent on the nerve 
systems of our societies. 

Targeted system components 
System components that are potential 
targets are multiple: the terminal operating 
system contains the location of containers 
and destination directions for unmanned 
vehicles. It has been deemed entirely 

The implications  
and threats of  
cyber security for ports

Norbert Kouwenhoven, IBM EU solutions leader customs & borders, Amsterdam, 
the Netherlands, Martin Borrett, director of the IBM Institute for Advanced Security 
Europe, Hursley, Hants, UK, and Milind Wakankar, IBM safety & security consultant, 
travel & transportation CoC, New Delhi, India

12   Edit ion 61: Februar y 2014 www.por ttechnolog y.org

Global Issues 
In partnershIp wIth  



Join our Preferred Partner/Supplier Initiative for 2014, we need partners who can handle the enquiries. 
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and we will do the rest.
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 � 66% are also using technology focused community websites
 � 58% are also using technology media sites
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[ ["The Port Technology International website is a great portal for business 
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Meclift oy ltd

It’s not just about advertising, it’s about Content in the right Context which drives “Inbound Marketing” 
through all of your touch points for greater lead generation.

More than 40% of B2B mobile users are searching for products and services on their phones (Forrester)



feasible that pirates could hack a ship’s 
system and redirect it. 

The location system of the vessels could 
be used to misdirect vessels with terrible 
consequences. Malfunctioning of the port 
community system could prevent clearance 
and disrupt logistic flows. Failing radar 
systems would prevent proper vessel traffic 
management. Failing communication 
networks could cause various types of 
accidents, and endanger emergency 
response. On board vessels there is a 
growing reliance on electronic systems. 
There is a longstanding fear that terrorists 
may hack into systems and cause, at best, 
chaos and, at worst, a real disaster.

Cyber attacks
Looking back at 2013, it is clear that 
successful tactics implemented by attackers 
continue to challenge enterprises to keep up 
with security basics. At IBM we continue to 
see operationally sophisticated attacks as the 
primary point of entry. Some of these were 
attacks of opportunity, where unpatched 
and untested web applications were 
vulnerable to basic SQL injection (SQLi) 
or cross site scripting (XSS) exploitation. 
Other attacks were successful because 
they violated the basic trust between end 
user and sites or social media personalities 
thought to be safe and legitimate. Many of 
the breaches reported in 2013 were a result 
of poorly applied security fundamentals and 

policies and could have been mitigated by 
putting some basic security hygiene into 
practice. For a variety of reasons, companies 
seem to be struggling with a commitment 
to apply basic security fundamentals. 

Watering hole attacks, which have 
continued, are a great example of how 
operational sophistication is being used to 
reach targets not previously susceptible. By 
compromising a targeted central site and 
using it to serve malware, attackers are able 
to reach more technically savvy victims who 
may not be fooled in phishing attempts, 
but who do not suspect that the sites they 
trust could be malicious. Several high tech 
companies, as well as government agencies 
have been successfully breached in past 
months. Often satellite sites, like franchises 
or local language sites, are not secured with 
the same standard as the home office. By 
going after a weaker point of entry into 
larger enterprises, attackers were able to 
reach and tarnish well-known brands. This 
can damage a brand’s reputation and create 
legal issues if sensitive customer data is 
leaked. These types of leaks affect the food 
industry, consumer electronics, automotive, 
and entertainment industries in particular. 

Attackers have demonstrated enhanced 
technical sophistication in the area of 
distributed denial of service (DDoS) 
attacks. DDoS methods per se are not 
advanced, but the method for increasing 
the amounts of capable bandwidth is a 

new and powerful way to halt business by 
interrupting online service. The banking 
industry was hit particularly hard in the 
first half of 2013. DDoS attacks are being 
used as a distraction; allowing attackers 
to breach other systems in the enterprise 
while IT staff are forced to make difficult 
risk-based decisions, possibly without 
visibility of the full scope of what is 
occurring.

Ports, are you ready?
Security intelligence relies on data and the 
analytics, tools, and people who use them. 
These days most enterprises, including 
ports, are generating more data about 
what’s going on inside their businesses 
than they can put to good use. You’re 
likely to find that the complexity of your 
environment is making it difficult to 
understand and analyse all available data 
in a way that will help you make smarter 
decisions about cyber security. 
At IBM, we are constantly striving to find 
the balance between improving the way to 
do business and the need to control and 
mitigate risk.iii Our approach includes 
technology, process and policy measures. It 
involves 10 essential practices:iv
1.  Build a risk-aware culture: Build 

a risk-aware culture where there’s 
zero tolerance at a company level 
to colleagues being careless about 
security. Management needs to push 

Figure 1: risks associated with ports and the maritime sector.ii 

People
• Attacking the ship to provoke 

human casualties
• Using the cover of seafarer 

identities to insert terrorist 
operatives

Money
• Using revenue from shipping to 

fund terrorist activities
• Using ships to launder illicit 

funds for terrorist organisations

External Impacts
• Loss of life and damage to property
• Disruption to trade fl ows
• Additional cost of transport due to 

additional security measures

Cargo
• Using cargo to smuggle people 

and/or weapons
• Using cargo to transport 

conventional nuclear, chemical 
or biological weapons

Vessels
• Using the vessel as a weapon
• Using the vessel to launch an attack
• Sinking the vessel to disrupt 

infrastructure
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this change relentlessly from the top 
down, while also implementing tools 
to track progress. 

2. Manage incidents and respond: A 
company-wide effort to implement 
intelligent analytics and automated 
response capabilities is essential. 
Creating an automated and unified 
system will enable an enterprise to 
monitor its operations and respond 
quickly. 

3. Defend the workplace: Each work 
station, laptop or smart phone 
provides a potential opening for 
malicious attacks. The settings on 
each device must all be subject 
to centralised management and 
enforcement. And the streams of 
data within an enterprise have to 
be classified and routed solely to 
authorised users. 

4. Security by design: One of the 
biggest vulnerabilities in information 
systems comes from implementing 
services first, and then adding 
security on afterwards. The only 
solution is to build in security from 
beginning, and to carry out regular 
tests to track compliance. 

5. Keep it clean: Managing updates 
on a hodgepodge of software can 
be next to impossible. In a secure 
system, administrators can keep track 
of every program that’s running, be 
confident that it’s current, and have a 
system in place to install updates and 
patches as they’re released.

6. C o n t r o l  n e t w o r k  a c c e s s : 
Organisations that channel registered 
data through monitored access points 
will have a far easier time spotting and 
isolating malware. 

7. S ecur it y  in the c loud: I f  an  
organisation is migrating certain IT 
services to a cloud environment, it 
will be in close quarters with lots of 
others possibly including scam artists. 
So it ’s important to have the tools 
and procedures to isolate yourself 
from the others, and to monitor 
possible threats.

8. Patrol the neighbourhood: An 
enterprise’s culture of security must 
extend beyond company walls, and 
establish best practices among its 
contractors and suppliers. This is a 
similar process to the drive for quality 
control a generation ago. 

9. Protect  th e  c om p any  j e wels: 
Each enterprise should carry out 
an inventory of its critical assets - 
whether it ’s scientific or technical 
data, confidential documents or 
clients’ private information and 
ensure it gets special treatment. Each 
priority item should be guarded, 

tracked, and encrypted as if the 
company’s survival hinged on it. 

10. Track who’s who: Organisations that 
mismanage the ‘identity lifecycle’ 
are operating in the dark and could 
be vulnerable to intrusions. You can 
address this risk by implementing 
meticulous systems to identify 
people, manage their permissions, 
and revoke those permissions as soon 
as they depart.

Forward thinking
Ask yourself and your colleagues how well 
your organisation is currently following the 
10 essential practices outlined above. But 
don’t stop there. The complexity involved 
in making sound security decisions in 
today’s environment means you’d probably 
benefit from talking to a specialist security 
expert from outside your company. A solid 
Port Cyber Security Plan is a must for any 
port in today’s interconnected world.
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Port performance management has been 
a heated topic both in the industry and 
academia for the past 20 years, albeit on 
different levels and in a rather scattered 
way across performance levels ±  from the 
individual terminal operational efficiency, 
to country level data on maritime 
connectivity, as well as performance 
areas (operat ions, socio-economic, 
environmental, governance). 

On the academic level, port related 
research has mostly focused on comparisons 
of port terminal efficiency, using various 
approaches of which the data envelopment 
analysis (DEA) technique, although 
criticised, has been rather prominent. 
On the port industry level, interest has 
been relatively low compared to other 
infrastructure industries, most notably the 
airport industry where several independent 
industr y performance management 
initiatives already exist. Examples include 
the annual  ATRS Global  Airport 
Benchmarking Report, led by an academic 
network supported by individual industry 
partners, as well as the airport service 
quality (ASQ) initiative run within the 
Airports Council International. Most 
performance indicators developed within 
these initiatives focus on either operational 
performance data obtained from network 
members or perceptions of user service 
quality gathered through surveys. 

Current state of port industry 
level performance initiatives
At the terminal level in ports, we do 
however note the existence of the CTQI 
initiative by Germanischer Lloyd, and more 
recently the Journal of Commerce ( JOC) 
port productivity report based on carrier 
information for specific terminals. On the 
level of user perceptions of service quality, 
we note the AAPA Customer Service 
Initiative implemented for East Coast US 
ports. At the port level, attention has mainly 
focused on environmental performance 
where both the European Seaport 

Organization (with the ECOPORTS 
initiative) and IAPH are playing leading 
roles. Besides these limited initiatives on 
a terminal and port level, we also refer to 
several macro-economic oriented studies 
by supranational institutions (OECD, 
World Bank, World Economic Forum, 
UNCTAD) such as country performance 
indices on var ious components of 
infrastructure quality and connectivity. 

Currently however, a widely accepted 
independent data platform, managed by the 
industry and bringing together the industry’s 
stakeholders, compiling data on various areas 
of performance, seems absent in the global 
port industry. One of the key features of 
such a platform would be to move beyond 
operational terminal performance, and 
among others provide benchmarks against 
industry averages to individual companies, 
aggregated industry performance figures to 
industry stakeholders, and linked industry 
performance to macro-indicators of country 
performance. 

Industries seek trustworthy data 
on performance
We also believe that both stakeholder 
inclusion and stakeholder acceptance 
might be improved. For example, while 
CTQI is mainly a terminal led initiative, 
the JOC data is  based on carr ier 
information. Port authorities on their side 
have been largely sidelined within both 
initiatives and some have already even 
found themselves on the defensive end 
when the JOC rankings were produced, 
investing costly resources to counter and 
contextualise their position on the ranking 
as stakeholders used the information 
against them. Therefore, we believe in 
the usefulness of a new complementary 
initiative that gathers, analyses and 
integrates data sources on market trends, 
financial and socio-economic performance, 
environmental performance, operational 
performance, user perception of quality 
and governance qual i ty, inc luding 

meaningful benchmarking on a regional 
and global level. In the current state 
of increasing stakeholder pressure on 
port activity from governments and 
local communities, as well as a growing 
interest of private investment funds in the 
port industry, a balanced, integrated and 
objective approach towards the industry’s 
performance could prove an important 
element in attracting investment to the 
industry, strengthen its overall ‘ license 
to operate’ and improve understanding 
between stakeholders. As an example, 
container shipping lines have recently been 
moving in this direction by setting up a 
stakeholder-based collaboration for data 
management as they are under increasing 
pressure from stakeholders, in particular 
on environmental and security issues. In 
the absence of integrated performance 
metrics spanning several perspectives, 
and providing a context-proof account 
of performance, severe risks exist that 
governments, powerful interest groups and 
investors will revert to self-managed or 
external sources to the industry to gather 
ad-hoc data to support their decisions on 
regulations (governments), project support 
(local communities and interest groups) or 
investment funding (investors). 

Challenges for industry level 
performance management
In the European Union, both the European 
Commission and the European Seaports 
Organization (ESPO) have, since 2007, 
shown interest in setting up a port industry 
performance management platform in order 
to increase the knowledge and awareness 
of port industry performance. After the 
EC ‘Communication on a European Ports 
Policy’, ESPO together with five universities 
responded to a call for proposal to lay the 
foundations of a so-called ‘European 
Ports Observatory’ in 2009. As a result, 
the PPRISM project was implemented 
during 2010-2012 leading to an inventory 
of indicators, an evaluation of indicators 

Port industry performance 
management

 Professor Dr. Michaël Dooms, Solvay Business School, 
University of Brussels (VUB), Belgium
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by stakeholders, a pilot study and a first 
European Port Performance Dashboard. 

The evaluation of the PPRISM project 
highlighted a number of challenges if 
one is to engage in industry performance 
management. First, substantial trust 
and understanding between industry 
stakeholders needs to be built, if data 
on various performance areas are to be 
exchanged. Second, transaction costs to 
gather and manage the data need to be 
minimised. As a result, adequate ICT 
investments are required. Third, the 
platform needs to deliver value for the 
participating stakeholders (individual data 
suppliers such as port authorities, but also 
other stakeholders), in terms of linking the 
actual performance metrics to best practices 
and context-related elements, helping 
individual members of the platform to 
gain deeper insights into their performance 
by means of a knowledge management 
system. To that end, a human and financial 
resources base needs to be developed to run 
the platform, as well as an organisational 
form, which guarantees neutrality towards 
industry stakeholders and guarantees 
continuous inclusion and engagement 
from stakeholders. While well-functioning 
examples already exist in other industries, 
a shared vision between port industry 
stakeholders will need to be developed 
first on the nature of the organisation 
(commercial or non-commercial), the legal 
form and the corporate governance. 

PORTOPIA as a unique 
opportunity for the industry
Following the insights of PPRISM 
and the associated challenges discussed 
previously, the European Commission 
(EC) decided to provide a seed investment 
towards the development of a port 
industry performance platform, through 
its EU-FP7 research and technological 
development program, worth €50 billion 
over the period 2007-2013. Following a 
competitive call for proposals within one 

of the last calls of the FP7 programme, the 
PORTOPIA consortium was selected to 
address the above challenges and develop 
a sustainable port industry performance 
data platform, allowing meaningful 
benchmarking and knowledge exchange 
between port industry stakeholders. 
Furthermore, in line with other European 
infrastructure industries such as railways or 
airports, who are already benefitting from 
research and technological development 
funding schemes, the project offers the 
potential to substantiate the research and 
technological development track for the 
port industry within the new Horizon 
2020 research and innovation program of 
the EC, which will liberate approximately 
€80 billion in the period 2014-2020. 

The PORTOPIA project started on 
September 1st 2013 and consists of 12 
partners, mixing port industry partners with 
academic partners and research institutes 
from nine European countries, all with a 
proven track record in port performance 
indicator development. More than 10 
associated partners, covering both interest 
groups of port customers, service providers 
and other stakeholders, will share their 
expertise and data with the consortium. 
Over a four-year period, existing data 
sources will be integrated and a user-
friendly interface for data collection and 
management will be built. The formal 
launch of the organisation is planned for 
September 2015. Inclusion in the EU-FP7 
program guarantees both an independent 
development set apart from policy-making 
process influences, with strong industrial 
involvement as both ESPO and a leading 
ICT provider invest substantial resources in 
the platform’s development ±  approximately 
70 percent of the total project resources are 
refunded by the EC. As such, PORTOPIA 
represents a unique set-up in a European 
transnational context, with a clear vision 
to expand its horizons beyond Europe and 
ultimately to create a more global exchange 
platform on port performance. 
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OPPORTUNITY FOR PORT INDUSTRY ALTERNATIVE 
Keep control over quality and storage of individual and industry data External parties setting up databases ± no control on quality/reliability
Create data to improve (1) joint understanding of the industry’s 
challenges (2) climate of government ± in dustry relations

EC performing ad-hoc studies, deepening divide between stakeholders 
and creating unnecessary and inappropriate regulation

Efficient data collection/cost reduction Repetitive input of identical data in various surveys; data redundancy
Confidential data treatment ± no inappropriate reporting on 
individual ports

External stakeholders reporting on individual port performance

Provide links between performance domains/meaningful 
benchmarking and knowledge management (port strategy)

Partial approaches to port performance (no-cross perspective insights ± 
unbalanced view), weak or no link to port strategy 

Proactive stakeholder management: explain performance in a 
transparent/objective way

Need for defensive reactions to stakeholders in case of sub-optimal 
performance

Provide standards for performance reporting of which all ports can 
benefit e.g. sustainability report guidelines and templates, ICT platform

Non-standardised approaches leaving room for stakeholder 
controversy/others imposing standards

Figure 1: opportunities and alternatives for the industry.
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China Focus

“The development of ports in mainland China has significantly 
relied on implementation of the port reform strategies which 
commenced in the 1980s. Without such port industry reforms, the 
tremendous development of ports, and of the wider economy, could 
not have occurred.”
‘Port system reform in mainland China’, page 23.



Approved by the central government of 
China, the China (Shanghai) pilot free 
trade zone (CSPF TZ) was launched 
on September 29th, 2013 and has been 
running smoothly as the first regional free 
trade zone on the Chinese mainland ever 
since. The CSPFTZ is composed of four 
zones specially supervised by the customs 
department, the Waigaoqiao free trade 
zone, Waigaoqiao bonded logistics park, 
Yangshan free trade port area and Pudong 
airport free trade zone, covering a planning 
area of 28.78 square kilometres. 

Objectives and meanings
The establishment of the CSPF TZ 
is a significant measure taken by the 
Chinese government to build a business 
environment on par with international 
standards and to adopt a proactive opening 
up strategy. It undertakes a major task to 
explore new modes of opening up, and 
to accumulate new experiences that can 
be duplicated and applied nationwide in 
order to accelerate the transformation 
of government functions and reform, 
promote economic growth, optimise the 

economic structure, whilst promoting the 
development of all regions in the country.
CSPFTZ is not a special zone or a new 
area. More than scrambling for some 
preferential policies, it is intended to 
establish a set of rules and systems that 
are in line with international standards, 
making it a vanguard and trial area in trade 
mode innovation, investment opening-up, 
off shore ser vices  and government 
management. 

The establishment of CSPF TZ is 
beneficial to fostering China’s global 
competitive edge, to creating a new 
platform of cooperation with other 
countries and to bring China’s economy 
on track with the rest of the world. It 
functions as a new engine to drive China’s 
future economic growth for the new 
government.

Mission and measures 
The CSPFTZ scheme released by the 
State Council on 27 September 2013 
lists five missions and corresponding 
measures. 

Accelerate  the transfor mation of 
governmental functions 
To actively explore the administrative 
management system compatible with 
the high-level investment and trade 
rules, and to push on the shif ting 
of the governmental administration 
from emphasising ex-ante approval 
to laying emphasis on process and 
ex-post supervision. Also to increase 
administrative transparency, perfect 
the effective protection mechanism for 
investors, and achieve fair competition 
among all investor entities.

Expand opening-up in the investment 
sector
To ensure that service sectors including 
financial services, shipping services, 
professional services, commercial and 
trading services, cultural services and social 
services are further opened up to foreign 
investments. A negative list approach is 
used in foreign investment management 
systems in line with the international rules. 
Overseas investment management shall be 
reformed to support all kinds of overseas 

Pilot free trade zone 
expands growth 

Dr. Professor, Jin Yongxing, 
Shanghai Maritime University, China

The four zones of the CSPFTZ. Lu Jiazui, Pu Dong New Area, landmark of new Shanghai.
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investment made by all investors within 
the zone.

Push forward trade development
New business modes and functions shall 
be developed to upgrade the trade. The 
pilot operation of an international trade 
settlement centre and encouragement of 
enterprises to launch international and 
domestic trade on an overall level shall 
be furthered to realise the integration of 
domestic and international trade with 
uplifted international shipping service levels. 

Deepen the opening up and innovation 
in the financial service 
Innovations in financial systems in 
accordance with the foreign currency 
management in the pilot free trade zone 
shall be sped up to facilitate cross-border 
financing. All round opening up to the 
civil-funded and foreign-funded financial 
institutions shall be pushed forward 
with a positive attitude to financial 
innovations.  

Perfect the legal protection
All government agencies concerned 
shall be in support of the pilot zone and 
provide timely systematic protection over 
the course of the trial. The Shanghai 
Municipal Government is to establish the 
pilot management stipulations as required 
by the CSPFTZ framework by means of 
local legislation. 

Shipping and opportunities 
The approval and running of CSPFTZ 
will bring tremendous opportunities to 
trade and the finance and service sectors, 
while the shipping industry shall enjoy 
an unprecedented period of development. 
For example, shipping services will follow 
the mature international practices of free 
ports like:
•	 The relaxation of the foreign share 

ratio requirement on international 
vessel transportation enterprise in 
Sino-foreign joint and cooperation 
enterprise

•	 The permission of China-funded 
companies to own and control 
vessels flagging a non-China flag 

•	 The pilot trial of coastal businesses 
to import and export containers 
between domestic coastal ports and 
the Port of Shanghai

•	 The permission to establish foreign-
funded sole ventures in international 
vessel management.  

In 2013 the Port of Shanghai achieved 
768 million tonnes in cargo throughput, 
up 4.3 percent, and 33.6 million twenty-
foot equivalent units (TEU) in container 
throughput, up 3.3 percent, more than 
any port in the world. In 2014, as the 
implementation of the CSPFTZ gets 
underway, the shipping service system in 
Shanghai will operate more smoothly than 
ever before, putting momentum to the 
completion of the Shanghai International 

Shipping Center. 
The Management Committee of the 

CSPFTZ will be relocated to Lingang 
New Town in March 2014, a result of a 
boom awaiting the Linggang New Town, 
which sits adjacent to the Yangshan 
Port. Close to the Yangshan Port free 
trade area, is the Shanghai Maritime 
university. Armed with well-grounded 
marine technology, shipping economy and 
management, and logistics, it it aspires 
to and will to make the best of these 
development opportunities.

Yangshan Free Trade Zone of CSPFTZ adjacent to Lingang New Town.
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Only 20 years ago the Chinese port 
system was still in its infancy stage. Hong 
Kong acted as the only container gateway 
to China. Since the second half of the 
1990s, throughput at Chinese mainland 
ports started to accelerate. In recent years, 
shipping lines have been dedicating higher 
capacities and deploying larger vessels to 
cope with the increasing Chinese imports 
and exports. Chinese port activity is mainly 
concentrated in three regions: the Pearl 
River Delta (PRD), the Yangtze River 
Delta (YRD) and the Bohai Sea Economic 
Rim (BER). The PRD in the south with 
main ports Hong Kong, Shenzhen and 
Guangzhou was the first to benefit from 
China’s opening up policy launched in the 
late 1980s. The YRD with main ports in 
Shanghai and Zhoushan/Ningbo started 
to grow significantly in the late 1990s. 
In more recent years, the northern BER 
with main ports in Tianjin, Qingdao and 

Dalian, has witnessed remarkable growth 
(see Figure 1). This contribution looks at 
the evolving port hierarchy in the BER.

Port hierarchy in Northern China
Although most ports in China still remain 
under public ownership, more room 
has been given to market players, such 
as private logistics firms, foreign global 
terminal operators and national and 
international shipping lines, to take part 
in port activities. As a result, small and 
large firms cooperate and compete for 
port business. The same holds for the port 
system in northern China. There are 11 
ports located in the region and classified 
into three so-called multi-port gateway 
regions (see Figure 2). All three regions 
serve international trade but differences 
exist. Region A is strongly focused on the 
north-south axis between the provinces 
of Heilongjiang, Jilin and Liaoning. 

Region B is the gateway to Beijing and 
the surroundings while it also is a key 
port region to satisfy the national demand 
for coal. Region C has a strong focus on 
international trade as Shandong Bay is one 
of the world’s prime manufacturing areas. 

Three groups of ports can be identified: 
large gateway ports, medium-sized ports 
and small ports (see Figure 3). Fierce 
competition is observed between these 
ports as more and more ports compete 
for contestable hinterlands. The three 
largest ports account for 45.25 percent 
of the total market, medium-sized ports 
46.62 percent and the remaining ports 
7.13 percent. Moreover, if we expand 
the market area, the neighbouring port 
of Busan (Korea) and Japanese ports 
add to this highly competitive market. 
Competition is intensifying as the large 
ports in the region (Qingdao, Tianjin and 
Dalian) face significant challenges from 

The port system  
in northern China

Lin Feng, Dalian Maritime University, China, and 
Theo Notteboom, ITMMA, University of Antwerp, Belgium

Port Total Port 
throughput 
in million 
tonnes

Growth 
rate (%)

Region Port Container 
throughput 
in million 
TEU

Growth 
rate (%)

Region

1. Ningbo-Zhoushan 622.5 11.2 YRD Shanghai 25.16 3.9 YRD

2. Shanghai 513.5 7.3 YRD Shenzhen 17.27 0.1 PRD

3. Tianjin 378.4 7.0 BER Ningbo-Zhoushan 13.18 6.7 YRD

4. Qingdao 340.3 10.4 BER Qingdao 11.91 9.4 BER

5. Guangzhou 338.0 4.4 PRD Guangzhou 11.09 2.4 PRD

6. Tangshan 325.3 25.0 BER Tianjin 9.80 7.0 BER

7. Dalian 309.7 11.4 BER Dalian 7.20 23.3 BER

8. Yingkou 250.0 10.9 BER Xiamen 5.83 13.8 PRD

9. Rizhao 238.1 10.0 BER Suzhou 4.17 2.1 YRD

10. Qinhuangdao 200.7 -1.3 BER Lianyugang 4.10 11.6 YRD

11. Shenzhen 175.2 2.0 PRD Yingkou 4.05 12.1 BER

12. Yantai 170.0 13.0 BER Fushan 2.01 0.8 PRD

Figure 1: Port ranking based on total throughput and container throughput (figures for period January-September 2013).
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neighbouring medium-sized ports. For 
example, in region A, the cargo volume of 
Yingkou increased rapidly and is closing 
in on Dalian. Both ports try to be in pole 
position in case the plans for a free trade 
zone (FTZ) between China, Korea and 
Japan become a reality. 

The situation in the BER is quite 
different from the YRD region. Port 
competition in the YRD is mainly 
centred around gateway ports Shanghai 
and Ningbo. However, to avoid excessive 
competition, the two ports have adopted 
somewhat different strategies. Shanghai 
launched a FTZ in 2013 to enhance the 
logistics function of the port within the 
land area controlled by the port authority. 
At the same time, Shanghai, via Shanghai 
International Port Group (SIPG), has also 
developed strong relationships with inland 
ports along the Yangtze River in view of 

streamlining cargo flows and improving 
the overall competitiveness of the Yangtze 
logistics corridor. Ningbo port merged 
with Zhoushan port in 2006 to form 
Ningbo-Zhoushan port. This merger is to 
be seen more as a horizontal integration 
strategy in view of expanding the port size 
and achieving economies of scale. 

Challenges and opportunities
The average growth rate of cargo handled 
in the BER port system remains among 
the highest in the world, despite the 
economic slowdown witnessed in recent 
times. There are two main reasons why 
growth remains healthy. Firstly, most ports 
in the north of China handle cargo needed 
for manufacturing, such as coal, gasoline, 
agricultural products etc. This type of 
cargo has been less affected by the lower 
growth in international trade. Secondly, 

the industrial transition in China from 
eastern areas to western and northern 
regions provides more opportunities 
for ports in the BER. However, some 
challenges remain. Bulk cargo shipments 
might be affected by an increasing 
environmental awareness in China, 
particularly with regard to the air quality 
in metropolitan areas and port cities. In the 
past decades, the northern part of China 
has seen a massive increase of large-scale 
production plants and coal-based power 
plants in or nearby port areas giving rise to 
increased emissions. Many port cities are 
now facing a dilemma: on the one hand, 
the re-location of these factories to port 
areas supports job creation, fiscal revenues 
and port volumes in the port cities. On the 
other hand, the pressure to lower emissions 
is mounting. This tension is particularly 
felt in region B of the BER.

Figure 3: Port hierarchy in terms of total cargo volume (horizontal axis - in million 
tonnes) and container throughput (vertical axis - in million TEu) - data for year 2010.
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Introduction
Mainland China has  exper ienced 
a  t remendous change in i ts  por t 
administration and management systems, 
with a simultaneous expansion of both 
capacity and throughput. A successful series 
of reforms, which were implemented in 
three consecutive major stages, provided a 
solid foundation for the rapid development 
of ports and shipping in mainland China. 
Continuous development over the last 
thirty years has resulted in great strides 
in the ports and shipping industry, 
encompassing major changes to regional 
distribution networks, and a greatly 
increased scale and scope of operations.

The defined strategy of mainland 
Chinese port development has been 
successful ly integrated with wider 
mainland Chinese economic development. 
Container port integration with other 
components of the logistics industry of 
mainland China has been remarkable in 
encouraging rapid growth of container 
ports. The gradual implementation of 
structural reform of the financial and 
organisational structures within port 
management systems has enabled the rapid 
development of ports in mainland China. 
Appropriately designed and financed 
policies have also enabled the sustainable 
development of the port and shipping 
industry as a whole. Appropriately 
designed and financed policies have also 
enabled the sustainable development of the 
ports and shipping industry as a whole.

Port system reform
The development of ports in mainland 
China has  s ignificant ly  re l ied on 
implementation of the port reform 
strategies which commenced in the 1980s. 
Without such port industry reforms, the 
tremendous development of ports, and 
of the wider economy, could not have 
occurred. The reform process can be 
described as a series of three successive 
reform strategies. 

Port system reform in 
mainland China

Dr. Shou Jianmin is the professor of shipping and port industry engineering 
economics, Shanghai Maritime University, China

Yang Shan Port, Shanghai, China.
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The first stage, beginning in the early 
1980s, was the initial reform. It was 
an experimental reform to unbundle 
the existing combination system of 
government function and enterprise 
management into independent units 
with different objectives and properties. 
For example, separating the function of 
the stevedoring companies from the port 
bureau, which performs legal and safety 
roles and prioritises economic objectives. 
The central government, through the 
Ministry of Communications, was the 
immediate supervisor of these two 
functional areas.

The second stage, beginning in the mid 
1980s, was reform of the regime process 
in mainland China and reforms to the 
financial allocation process. The regime 
of dual leadership was shared between 
the Ministry of Communications and 
local government, with a greater share 
allocated to local government. Reform of 
the financial allocation process focused 
on the policy of driving port development 
with port management revenue, by 
producing either a fixed profit target, or 
staying within the boundary of a fixed 
subsidy target. This reform policy was 
carried out over a period of several years. 
By January 1986, the second stage of the 
reform process had been comprehensively 
implemented for coastal ports. 

The third stage of the reform process 
began in the middle of the 1990s. It was 
an experimental concept to decentralise 
de c i s i on-mak ing  power  t o  l o c a l  
government. This was first carried out 
in the Port of Shenzhen. Shenzhen Port 
Bureau was restructured to enable it to 
become a local government entity, as a 
department falling under the aegis of 
Shenzhen City. Shenzhen Port Bureau 
was restructured to enable it to become a 
local government entity, as a department 
falling under the aegis of Shenzhen City. 
The Port of Qinghuangdao was the last 
to be separated from the Ministry of 
Communications in January 1999.

After the completion of the first three 
stages of reform, a further policy was 
implemented. In March 2002, a new 
regulated catalogue, the catalogue for the 
guidance of foreign investment industries, 
was approved by the State Council. In 
the catalogue foreign investors were given 
permission to invest in mainland Chinese 
ports, especially terminals, allowing up to 
a 100 percent stake, replacing the previous 
limit of 50 percent. 

The development of ports and 
throughput
Thanks to the timely implementation 
of reforms, there was rapid expansion of 
port capacity in mainland China and a 

commensurate increase in port throughput. 
In 2013 the total throughput of ports in 
mainland China was estimated about 10.7 
billion tonnes, an increase of 9.2 percent 
from the total throughput of 2012. But 
from 2001 to 2013, the average growth 
rate for ports of 13.3 percent was much 
higher than the economic growth rate 
for mainland China as a whole. This 

throughput includes coast and inland 
river ports. Usually coast ports’ throughput 
accounted for 70 percent of total 
throughput (see Figure 1).

 The greatest expansion in mainland 
Chinese ports has occurred in the 
conta iner  por t  s ec tor. Conta iner 
transportation in mainland China began in 
1973, in the Port of Tianjin, 17 years after 
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Figure 2: Throughput growth. 

Figure 1: Port tonnage throughput. 

Figure 3: Percentage of world’s throughput. 
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intermodal containers were first developed 
by Malcolm McLean. Mainland China 
is now the world leader in container use. 
From 1973 to 1976, the Port of Tianjin 
only transported 1,188 twenty-foot 
equivalent units (TEU). In 1978, the first 
formal container line was opened between 
Shanghai and Australia. In 1979, the total 
container throughput for mainland China 
was about 33,000 TEU. 

It took 10 years until  container 
throughput for mainland China reached 
over a million TEU. Over one million TEU 
to over 10 million TEU took only 8 years. 
From 10 million TEU to over 100 million 
TEU, took another 10 years. By 2008, 
container throughput for mainland China 
made a breakthrough of 100 million TEU. 
In 2013 container throughput for mainland 
China broke through a new record level of 
190 million TEU (see Figure 2).

M a i n l a n d  C h i n e s e  p o r t s  h a ve  
significantly increased their share of 
world TEU throughput. Container ports 
measured in TEU were almost zero 
percent of the world’s total before 1978, 
increasing in 2010 to over 25 percent of 
the world’s total. It took 12 years for ports 
in mainland China to rise from zero to one 
percent of world TEU throughput. From 
one percent to 10 percent of world TEU 
throughput, it took mainland Chinese 
ports only 11 years. From 10 percent to 

20 percent, it needed only 5 years. Growth 
in world market share has now begun to 
plateau, with the upper limit around 26 
percent (see Figure 3).

Summary
From the  v i e w  o f  the  p r ac t i c a l 
development of the mainland Chinese 
por ts , por t  system reform was an 
e s s en t i a l  component  in  enab l ing 
the expansion of both capacity and 
throughput. There is a close relationship 
between reform and expansion in port 
industries. Without appropriate reform, 
fast  and ef fect ive  development of  
mainland China’s port system would not 
have been possible. The most effective 
path for port system reform is to divide 
reform stages into suitable sections, 
according to the level of the country’s 
port structure. 

I n  a d d i t i o n  t o  s y n c h r o n i s i n g 
implementat ion to  match market 
opportunities, a strategy that matches 
the characteristics of a country is critical 
for the success of port development. 
For developing a country’s ports, it is 
often a good strategy to establish a fully 
functioning port first, then to use that port 
to leverage the economic development of 
its associated hinterland, taking a long 
term view of the port’s profitability.

Even though a country may have 

an excellent port infrastructure, and 
an efficient port administration and 
management system, it is still necessary 
to implement appropriate strategies to 
address the problems that arise in its port 
and shipping industry, when a global 
recession or an economic crisis occurs.

For  future  deve lopment , a  new 
strategy should be implemented for the 
sustainable development of the mainland 
Chinese ports to move development 
goals away from being throughput-based 
extensive, foster the application of high 
and new technology in port system, 
upgrade and transform the facilities and 
equipment and optimise the spatial layout 
of ports. 
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Port Planning, 
Design and 

Construction

“Cabotage laws should be clearly stated and made more flexible for 
US owners. A sensible and prudent maritime policy should reform 
and strengthen cabotage laws, clarifying and reinforcing the legal 
concept of cabotage, which is an important component of US 
national security.”
‘Rationalising and revitalising the US maritime industry’, page 28.



Piecemeal and stopgap measures added to 
existing and increasingly cumbersome and 
antiquated laws are not working to foster 
strong US merchant marine foreign trade 
fleets and domestic fleets which are essential 
to the international and internal economy. 

Trade requires transport and the 
most efficient form of transport is 
by water. Indeed, some 94 percent 
of all international trade is by water. 
International export trade was valued by 
the World Trade Organization for the US 
in 2012 at US$3,882.7 billion, of which 
approximately 95 percent was carried by 
ships. International trade is the foundation 
of our national security. Hence a vital, 
strong, modern and competitive merchant 
marine is essential to international trade 
and therefore, domestic trade. 

The Department of Transportation 
should recognise these facts and take 
the proper steps required by law to 
encourage, rationalise and revitalise the 
US commercial water shipping sector and 
infrastructure for both the foreign and 
domestic trades. A complete review of all 
maritime laws should be undertaken. The 
Congress should be encouraged to amend 
or abolish antiquated or ineffective laws to 
take into account the following concepts as 
national policy for the maritime industry. 

1. Reform the maritime laws
New or amended laws should institute 
comprehensive and integrated legislative 
and regulatory reform in both civil 
and criminal jurisdictions. Laws and 
regulations should be coordinated 
with conventions, ratified treaties or 
those observed as customary law, and 
international regulations. 

Mechanisms should be put in place 
by such laws to ensure that changes 
in international regulations are easily 

implemented. These should all be done 
with the goal of increased employment 
opportunities in the US flag fleet, 
shipyards and ports and reducing the 
tendency toward criminalisation of civil 
torts of seafarers, putting them on the 
same footing as shore side maritime 
workers. With such a strategy, the US will 
not only meet but lead international and 
domestic waterborne economic activities 
in a vigorous and well-governed maritime 
industry in all its sectors. 

2 .  P r o v i d e  s h i p y a r d  e c o n o m i c 
opportunities
Policy should require that publicly-owned 
vessels, and any vessels used for government 
policy purposes from any department or 
agency of the government, be built in US 
shipyards with all  materials purchased and 
produced in the US and with all labour 
supplied by US citizens or properly certified 
resident foreigners. The policy goal should 
be to increase employment and to maintain 
a shipbuilding industrial base ready for 
times of national need and for the expected 
opportunities a new national maritime 
policy will provide. 

An example of such an opportunity 
may be the US export of liquefied gases 
which should be carried on vessels manned 
by US citizens, on vessels either partially 
or totally constructed in US shipyards, 
depending on availability of technology for 
gas containment systems. An established 
transition period should be allowed for use 
of foreign technology until domestically-
developed systems can be designed and 
implemented. 

3. Reduce impediments to the free market
A rational and sensible maritime policy 
should provide any ship-owner registering 
or enrolling ships in the US under its laws, 

the liberties to pursue their own economic 
interests, independent  of shipyard 
building requirements. Further, policy 
should provide any ship-owner registering 
foreign-built ships in the US for the 
foreign trade meaningful tariff reduction 
or deferral, coordinated with a reformed 
taxation regime for the shipping industry 
for the purchase of such ships. 

Pol icy should provide expanded 
government guarantees for shipbuilding 
in the US for financially qualified and 
approved US ship-owners registering ships 
in the US and engaging in the foreign 
trade, and for ship-owners enrolling ships 
in the cabotage trades and for ship-owners 
registering ships in other trades. Before 
any such guarantees may be awarded the 
applicant ship-owning entity should 
provide an assessment and determination 
of the financial strengths of the applicant 
by a party that is independent of the entity 
and its auditors and financiers.

4. Increase employment opportunities
All maritime policies should create 
comprehensive and integrated employment 
opportunities by law, maximising the 
economic employment of US citizens 
and resident foreigners in the maritime  
industry, consistent with the expansion 
of the foreign trade fleet, domestic fleets 
and other fleets and for publicly-owned 
vessels where needed. All employment 
opportunities must be consistent with 
national defence and security needs. 

Policy should require as much as is 
practicable that credentialed officers 
in the foreign trades are US citizens 
or resident foreigners and credentialed 
officers and credentialed ratings in the 
domestic and cabotage trades and other 
trades are also US citizens or resident 
foreigners. Exceptions or waivers would 

Rationalising and 
revitalising the US 
maritime industry

John A C Cartner, managing member, Cartner & Fiske LLC, 
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be determined. A transition period should 
be included as reformed training and 
credentialing policies are put in place to 
ensure a supply of maritime employees 
meeting those standards and prior to a 
policy that no exceptions or waivers be 
granted. 

Policy should require the development 
of the US marine highway system in the 

cabotage trade in order to: 
•	 s t imulate  the  ent i re  industr y 

including shipbuilding and vessel 
manning and operation

•	 relieve traffic congestion on major 
coastal interstate highways

•	 reduce maintenance costs on coastal 
interstate highways

•	 reduce emission gases nationwide
•	 provide alternatives to north-south 

land routes experiencing a shortage 
of willing drivers

•	 provide a method to recapitalise the 
current US Ready Reserve Force 
fleet with a modern dual use fleet 
of active commercial tonnage and 
actively sailing mariners

•	 establish incentives to encourage 
large retailers and shippers to 
partner in developing and using 
such a system of transportation. 

5. Reform the maritime tax regime
A modern and rational maritime policy 
should require a reformed taxation regime 
for US ship-owners to be consistent with 
international practices, and a reformation 
of taxation policy for US citizens and 
resident foreign mariners in the foreign 
trade to be consistent with other US 
citizens employed as ex-patriots. Such 
reform is necessary and fair in any 
maritime policy. 

6. Strengthen cabotage and open new 
registries
Cabotage laws should be clearly stated 
and made more flexible for US owners. 
A sensible and prudent maritime policy 
should reform and strengthen cabotage 
laws, clarifying and reinforcing the legal 
concept of cabotage, which is an important 
component of US national security. 

A prudent maritime policy should 
establish a new registry for near-foreign 
and US possessions and territories, 
but not sovereign states in voluntary 
affiliation with the US. Such a register 
should provide ships listed in it with 
preference for cargoes originating in the 
US or when servicing US naval vessels as 
extraterritorial possessions. Ships in the 
register should require manning by all US 
officers and ratings as an enhancement to 
national security. 

A competitive maritime policy should 
establish a bare-boat charter registry where 

ships can enter and leave the registry 
easily, irrespective of source, if meeting 
safety requirements, with low costs and no 
penalisations and having all US officers 
and ratings as an enhancement to national 
security. 

Time limits for charters may be set 
to regulate the cabotage trade and near 
foreign trades as demand fluctuates. This 
is in the alternative to chartering waived 
foreign tonnage with foreign officers and

ratings and permits US owners to have 
available such ships as needed. 

7. Rebuild the marine infrastructure
A fiscally sound maritime policy should 
reform the taxation regime for incoming 
cargo and port and harbour infrastructure 
and establish trust funds related to the 
purposes of such taxes. In the case of 
waterways, ports and harbours, policy 
should isolate those funds and expend 
them regularly to maintain and improve 
the ports and harbours infrastructure 
essential to current and future trading of 
large ships (such as Super Post-Panamax 
vessels) in current or new maritime trades, 
whilst providing increased employment 
opportunities for US dredging companies, 
ports and fleets in the domestic, foreign 
and other trades under US registry. The 
policy should require any contracts let and 
paid for by these funds be only to entities 
registered in the US and meaningfully 
controlled by US citizens. 

8. Coordinate the stakeholders
A necessary maritime policy is the 
establishment of The Office of the 
i n d e p e n d e n t  Na t i on a l  M a r i t i m e  
Transportation Coordinator which would;
•	 deal with the disparate needs and 

requirements of the stakeholders 
•	 in the maritime industry

•	 m a k e  f o r  m o r e  e f f i c i e n t 
c o m m u n i c a t i o n  a m o n g  t h e 
stakeholders

•	 m e d i a t e  d i s p u t e s  p r e s e n t e d  
voluntar i ly among or between 
commercial stakeholders

•	 determine interagency disputes in 
consultation with other industry 
stakeholders and other similar duties

The purpose of the establishment of this 
office is the efficient operation and reform 
of the marine transportation system and to 
make decisions regarding the application 
of certain laws. Specifically, the policy 
should require that entities enjoying the 
privileges of registering or enrolling vessels 
in the US be meaningfully controlled by 
US citizens as necessary for national 
security and the necessity and convenience 
of the public, as determined by the 
coordinator after appropriate consultation 
with the stakeholders and following 
the requirements of the Administrative 
Procedures Act. 

Further rationalisation would remove 
authority for cabotage waivers from the 
maritime administration and give those 
powers to the coordinator. Policy should 
require agencies in disputes regarding 
maritime transportation and related 
matters with other agencies to submit such 
disputes to the coordinator for decisions 
based on national need, economic need 
and appropriate governance. 

9. Rationalise and remediate federal 
agency organisation 
An intelligent, efficient and correct 
policy should be designed to integrate 
and improve the usefulness of federal 
agencies that regulate US foreign and 
domestic  mar it ime trades, entit ies 
and labour. It  would also increase 
coordination with the Departments 
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of  Transpor ta t ion  and Homeland 
Security and Defence. This should be 
done by transferring the Coast Guard 
funct ions  of  mar i t ime sa fe t y  and 
mariner credentialing and qualifying to 
the maritime administration within the 
Department of Transportation, including 
the adjudication of credentialing cases. 
Matters of international regulation and 
representation should be moved to the 
maritime administration from the Coast 
Guard to focus the Coast Guard's law 
enforcement mission and allow the civil 
aspects of regulation to be performed by 
a civil agency as is done in all maritime 
states except the US. 

This includes putting flag registration 
and mar ine  sa fe t y  inspect ions  in  
shipyards under the purview of the 
maritime administration. The Coast 
Guard and the maritime administration 
can coordinate  a t-sea  inspect ions 
and port state control activities. A 
clear, obvious and necessary remedial 
policy to enhance national security 
in  the  mar i t ime indust r y  and to 
remove redundancies of cost, effort 
and effectiveness, is the removal of the 
Transportation Worker Identification 
Creden t i a l  p rog r amme  f rom the  
Transportation Security Agency as it 
relates to mariners and port and harbour 

w o r k e r s . T h e  T W I C  p r o g r a m  
should  be  integra ted  wi th  Coast 

Guard programmes under exc lusive 
Coast Guard management. The Coast 
Guard has experience, expertise and 
knowledge substantially greater than the 
Transportation Security Administration 
of the maritime industry. Furthermore, 
its has performed and performs, in the 
same or similar manner as the Credential 
programme and is capable of facilitating 
the purpose of the program within the 
maritime industry with greater effect to 
rational and effective maritime security 
than the current agency manager. 

The placement and maintenance of aids 
to navigation should properly be a business 
of the US Army Corps of Engineers, the 
agency responsible for rivers, harbours and 
waterways rather than the Coast Guard. 
The Corps of Engineers is capable and 
experienced in the waterways and can 
perform this function efficiently and can 
coordinate effectively with the maritime 
administration on seafarer and other 
maritime civil matters. Such a move would 
permit the Coast Guard to concentrate 
on security and criminal matters as a law 
enforcement agency. Similarly, other civil 
maritime agencies such as the National 
Oceanic and Administration and the 
Marine Fisheries Service should be 
placed under Maritime Administration 
coordination with the training of their 
officers at Maritime Administration 
facilities. 

10. Provide for research and development 
and training
An enlightened maritime policy should 
coordinate and establish research funds 
administered through the maritime 
administration and be made available to 
all public, private and organised labour 
training facilities. The purpose would be to 
develop technologies for training mariners, 
establish clear career paths in all segments 
of the industry, especially in the petroleum 
industry, and meet national security and 
defence needs. Policy should be designed 
to integrate the needs and requirements of 
the maritime degree-granting institutions 
and fund them appropriately and adequately 
to meet national shipping needs. Such an 
enlightened policy should establish the 
US Maritime Institute to fund research 
and development of maritime matters 
as an independent body administered by 
the maritime administration but under 
the direction of a board of comprising 
members. Comprising members should 
be drawn from the Departments of 
Defence, Homeland Security, Commerce, 
Transportation, Interior and selected 
independent agencies and both foreign and 
domestic academic institutions, along with 
US ship-owning and shipyard and labour 
and ports entities and non-governmental 
organisations. Policy should remove the 
International Maritime Organization 
functions of the US Coast Guard to the 
maritime administration to free the Coast 
Guard to perform more efficiently its 
domestic functions under the Department 
of Homeland Security as a law enforcement 
agency. The maritime administration would 
then function as a civil agency.  

Photo courtesy of the Port of Los Angeles

the Port of los angeles, California, united states. 

30   Edit ion 61: Februar y 2014 www.por ttechnolog y.org

Port Planning,Design anD ConstruCtion



It is often argued that the competitiveness 
of ports depends on their ability to 
insert themselves in global supply 
chains. However, the influential role 
of commodity traders in managing 
these global supply chains is not well 
understood by port planners. The case 
for commodity trade is compelling. It is 
linked with the financial sector on the 
one hand and with production, storage 
and distribution on the other. And 
these activities do not necessarily need 
to be in each other’s proximity. Another 

compelling reason to look at commodity 
trade is that access to, and control over, 
increasingly scarce commodities and 
contested supply routes are becoming 
more and more of a geopolitical concern. 
The aim of this research is therefore to 
understand the economic geography of 
commodity trade. 

What is commodity trade?
Commodity trade is an investment 
strategy where goods (raw materials, 
production inputs) are traded instead of 

stocks. Commodities traded are often 
goods of value, consistent in quality and 
produced in large volumes by different 
suppliers such as wheat, coffee, sugar, 
oil, ore and non-ferrous metals. The 
role of the commodity trader is to 
match supply with distant demand and 
negotiate a premium. In essence, the 
competitive advantage (the capacity to 
negotiate a premium) of the commodity 
trader is based upon its knowledge of 
and information on supplies, demand, 
quality, prices and risks. These factors 

Understanding the 
economic geography 
of commodity trade

Dr. Wouter Jacobs and Thomas van Bergen, 
ITMMA, University of Antwerp, Belgium

A fictional transaction in oil: (Jacobs & Von Dongen, 2012; derived from Berne Declaration, 2011)
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differ geographically. In order to take 
full advantage of these geographical 
differences, traders need to understand 
complex financial-economic instruments 
while at the same time need to carefully 
manage global logistics to ship the 
commodities on the right time to the 
market. This is what consultant Oliver 
Wyman calls ‘optionality’: “the ability to 
pay producers more than end users while 
selling more cheaply to end users than 
producers can afford”. 

Who are the commodity traders?
There are two types of commodity 
traders. Firstly the ‘paper’ traders, those 
who speculate on price fluctuations 
without necessarily taking physical 
control  of  the commodities . They 
are typically banks, hedge funds and 
institutional investors such as pension 
funds or sovereign wealth funds. Secondly, 
there are the commodity houses that 
actually have physical ownership of 
the commodities and are responsible 
for shipping them to markets. This 
distinction is somewhat artificial as 
some banks, most notably Goldman 
Sachs and BNP Paribas, do actually 
own physical assets, while all the large 
commodity houses engage in paper trade 
to mitigate risks in price fluctuations, 
the so-called futures trade. This trade 
in futures actually has an indirect effect 

on ports. When future prices are higher 
than current ones, a situation known as 
‘contango’ occurs and the traders have 
the incentive to store their commodities 
in tanks or warehouses that are often 
located in ports. Yet, when the futures 
price is lower than the price paid on the 
spot market (known as ‘backwardation’), 
then the traders want to sell immediately 
instead of storing the commodities.  

The large commodity houses that 
have actual physical control over the 
commodities are relatively unknown 
to the public. They have been dubbed 
by press agency Reuters as ‘the trillion 
dollar club’ due to their large turnovers. 
Within agri-bulk related commodities 
the largest traders are referred to as 
the ABCD, which stands for the US 
companies  ArcherDanielsMid land, 
Bunge Limited, Cargill and French-
based Louis Dreyfus. In the oil and 
energy related business the biggest traders 
are Vitol,  GlencoreXstrata, Trafigura, 
Gunvor, Mercuria and Koch Industries. 
In addition to these pure trading groups, 
some large producers mainly in the oil 
business such as Shell, BP and Total have 
also their own trading desks. And there 
are new global entrants, mainly from 
Asia and Russia. For example, Russian oil 
producer Rosneft recently took over the 
entire oil trading desk of the American 
bank Morgan Stanley.       

How is commodity trade 
conducted?
Commodities are traded through spot 
markets and on commodity exchanges. 
The largest commodity exchanges are 
the Chicago Mercanti le  Exchange 
(CME), New York Mercantile Exchange 
(NYMEX) and the Intercontinental 
Exchange (ICE, the former International 
Petroleum Exchange based in London). 
There are also specialised exchanges such 
as the London Metals Exchange (LME) 
and  London International Financial 
Futures and Options Exchange (LIFFE). 
The exchanges used to be places where 
the traders met face-to-face to buy and 
sell within so-called ‘calling pits’. During 
the mid-1990s however, these exchanges 
have become fully digitised allowing the 
trade to be conducted from more or less 
anywhere as long as one has access to the 
internet. More recently there has been a 
process of mergers and acquisitions. The 
most spectacular of these is the purchase 
of the NYSE- Euronext stock exchange 
by the ICE in 2012. Other recent 
examples are the takeover of the LME 
by the Hong Kong Exchange and of the 
NYMEX by the CME.  

The exchanges thus provide platforms 
for traders to transact and in such a 
way prices are set. In addition, the 
commodity exchange also registers 
storage facilities, mostly located in 

the pipeline strategy of the noble group (source noble group, company year report). 
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ports. The exchanges can also de-list 
certain warehouses from their registers, 
effectively banning them from the 
market. An effect that can have serious 
consequences. For example in 2012 the 
LME issued a ban on copper sheds in 
the Dutch port of Vlissingen, largely 
owned by Glencore’s Pacorini Metals 
warehousing division. The effect of that 
ban is that copper was moved to the 
port of Antwerp, stored at sheds largely 
controlled by Trafigura’s (in joint venture 
with the Shanghai International Port 
Group) NEMS metal storage division. 
Up to 2013, Antwerp accounted for 87 
percent of all copper inventory stored 
at LME approved storage facilities in 
Europe according to Reuters. 

From where is commodity trade 
conducted?
Due to digitisation of the exchanges, 
there is no need for the traders to have 
an actual physical presence near to the 
exchange building. And while most of 
the traders have a physical presence in 
ports to operationally handle the flows 
of commodities, their trading desks are 
often located far away. Nonetheless, 
the traders still cluster geographically 
in only a few places that can offer a 
combination of location factors, of which 
skilled labour and a business friendly 
tax climate are the most important. 
Due to its financial complexity, traders 
tend to locate their trading desks in 
financial centres, typically London. 
Gene va  in  S w i t z e r l and  w i th  i t s 
favourable tax c limate has however 
over taken London’s  dominant role 
as many global traders have located 
their head offices and trading desks 
there . Geneva  cur rent l y  a r r anges 
approximately 50 percent of global 
trade in coffee, 50 percent of sugar, 
35 percent of oil and 35 percent of 
cereals/rice. It is from these offices 
in landlocked Switzerland where not 
only the trades are made and financed, 
but also from where the logistics are 
arranged. Of course there are sti l l  
some places that for historical reasons 
have managed to secure some trading 
activities such as grain in Rotterdam, 
cof fee  in  Hamburg  and cacao  in  
Amsterdam. And new trading places are 
emerging where demand is growing, such 
as in Singapore which is developing into 
Asia’s leading hub for commodity trade.     

Moving down the supply chain
While the commodity traders used to be 
asset light, over the last years they have 
been actively building up assets. Due to 

the importance of logistics, inventory 
management and the need to anticipate 
fluctuations in prices and global demand, 
the commodity traders have started to 
vertically integrate. For example Vitol 
set up its own tank storage division in 
2006, VTTI, in partnership with the 
Malaysian shipping company MISC. 
V T TI current l y  has  tank s torage  
facilities in 11 ports across the globe, 
including the Eurotank facilities in  the 
ports of Amsterdam, Rotterdam and 
Antwerp (the so called ARA region). 
In addition, Vitol also owns its own 
tanker company Mansell, it has its 
own captive insurance group Anchor 
and in 2011 acquired almost the entire 
downstream division of Shell in Africa. 
Through the merger with global mining 
company Xstrata in a deal worth US$80 
billion, the Swiss trader Glencore also 
moved down the chain and effectively 
secured its global minerals supplies. 
That same year Glencore also took over 
the Canadian grain trading company 
Vittera, including its elevator assets in 
a deal worth US$6.1 billion. Glencore 
now controls half of Canada’s total grain 
exports. By moving down the supply 
chain, the so-called pipeline strategy, 
the traders can generate profits at 
various points in the chain and reduce 
uncertainty.  

Outlook
The trading houses have taken full 
advantage of high commodity prices 
over the last decade  by acquir ing 
strategic assets along the supply chain 
even though the global bonanza has 
somewhat slowed down in recent years. 
However, there are some other structural 
changes that will change the landscape 
for the years to come. Oliver Wyman 
talks about a ‘shake out’ while McKinsey 
speaks of ‘strategic crossroads’.  First 
of all, competition is increasing as new 
players are entering the global market. 
These new entrants come from resource-
rich developing countries and are quickly 
setting up their own trading desks to 
market their products. The margins of 
the traders are also put under pressure 
due to the lack of financial capital to 
further expand and acquire assets. New 
financial regulations set in place after 
the 2008 global financial meltdown 
have constrained the ability of banks to 
finance transactions with commodities 
as collaterals. Therefore it is expected 
that some medium-sized traders will not 
survive the coming years and that a new 
round of mergers and acquisitions will 
take place. 
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Who we are
Zhihai Power Technology Co., Ltd. was 
established in 1998. Before 2006 we 
were one of the most advanced power 
supply providers in the world working with 
important companies in Asia including 
China Guodian, China Mobile, and Comba 
Telecom.

In 2006 we changed direction, adapting 
the technologies developed from our 
electronic and thermal control experience 
towards the R&D, manufacturing, sales 
and service of LED lighting. 

We quickly became one of the leading and 
most professional LED lighting companies 
in China.

The Zhihai philosophy
Technology and qual i ty are always 
playing key roles in the Zhihai philosophy. 
We are proud to hold the "Xi'an LED 
Lighting Engineering Laboratory" which 
is authorised and supported by China 
National Development and the Reform 
Commission. Alongside this, we hold the 
"Shaanxi LED Lighting Technology and 
Research Center" which is authorised and 
supported by China National Science and 
the Technology Ministry. 

Experience is the key 
to success
We have more than 10 professors and 
doctors in our R&D department and 
more than 30 percent of our employees 
have bachelor’s degrees or higher. All of 
our members of staff receive the highest 
standard of training. 

Up until 2012 we made 125 patents, 
with 80 more pending. These include 
patents for LED chip packaging, power 
supply controls and lamp housing design. 
Since 2001 we have worked to an ISO-
9001 quality controlled system. All of our 
products are TUV, CE, SAA, C-tick and 

RoHS certificated and UL applied.
As experienced LED lighting specialists 
we offer our customers more than just 
the delivery of reliable and professional 
LED lighting products. Our focus and the 
services we provide have enabled us to 
build an excellent relationship with our 
market. Our team of lighting designers 
plays an essential role in this. The service 
consists of two different levels. The first 
level provides Light Technical Advice for 
our customers. Based on the profile 
(lighting scheme) supplied, our specialists 
will present you with a customised lighting 
plan using lighting calculation software. 

Lighting the way
Whether it is an infrastructural project, port, 
residential area, underpass, parking area, 
city centre or even a greenhouse, all of your 
requirements will be taken into account and 
translated into a perfect lighting solution. 
This includes Zhihai LED models, column 
distance and positioning, lighting class and 
efficient energy consumption. 

LED lighting is our highlight product and 
we supply lighting to many port projects 
around the world. We are working 
on developing quality, high powered, 
professional LED products that can survive 
the harsh industrial environment. Zhihai 
LED Solutions have been used within 
airports, heavy industries, warehouses 
and logistic centres, streets, bridges, sport 
fields and arenas, as well as sea ports. 

Enquiries
Xi’an Zhihai Power Technology Co., Ltd.
Building A, West Electronic Community, 
Xi’an, 710061, China

Tel: +86-29-88258603
Fax: +86-29-88218292  
Website: www.zh-lighting.com
E-mail: info@zh-lighting.com

Professional LED Lighting Supplier
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Top: 180W LED street light. Location: Russia Vladivostok Bridge. 
Left: 400W LED flood light retrofit 1000W metal halide. Location: Netherlands Rotterdam Port;
Middle: 400W LED flood light retrofit 1000W metal halide. Location: Belgium;
Right: 400W LED flood light retrofit 1000W metal halide. Location: Canada Teck Resources.
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In the production plants of various 
industries, the chain from raw material to 
final product has been efficiently optimised 
to ensure uninterrupted production and 
maximum profitability. In this development, 
automation has played a key role. The same 
is now happening in container handling, 
where automation is expanding in the 
number of cranes and terminals but also in 
the level of functionality being delivered. 
Container terminals are becoming factories 
without roofs.

Automation is taking a major leap 
in many parts of the world. More and 
more container terminals are adopting 
automated solutions to meet the challenge 
of larger ships, taller cranes and bigger call 
sizes. This evolution changes the role of 
humans in the container handling process, 
from ship to gate. When automated 
systems are used, people are no longer 
continuously controlling the processes; 
instead they monitor, handle exceptions, 
and manage automated resources.

The container terminal’s 
challenge
More 16,000-19,000 twenty-foot unit 
(TEU) ships are introduced in the Asia-
Europe trade every month. Within the 
next two years, the average ship size in 
this trade will reach 14,000 TEU. In 
addition, cascading of ships together with 
a lot of new 9,000 TEU ships will result 
in a doubling of the average ship size used 
in all other major trades within a few 
years time. Even if the trade volumes are 
expected to slowly increase, the number 
of loops and the number of port calls will 
decrease due to the increased vessel size. 
There were 35 vessels coming from Asia 
to Northern Europe in 2007 every week 
- this number is now down to 21 and is 
anticipated to continue to decrease. The 
challenge for the container terminals now 
is to handle fewer but very large calls. 
Shipping lines will not accept lower service 
levels or longer times at berths. Handling 

20,000 TEU calls in 48 hours realistically 
requires a capacity of about 500 TEU/hour. 

And along with larger container ships 
comes a need for larger cranes to be able 
to load and discharge larger ships, and 
to do that efficiently. The question is 
how to handle the operation of the giant 
cranes with lifting heights of 50 metres 
and more. And it does not stop here. 
Like many other industries with harsh 
working environments, the container 
handling industry needs to figure out how 
to remain an attractive work place for the 
future generations of port staff. Today all 
the industries are also seeking ways to 
increase energy efficiency to lower their 
environmental impact, and container 
terminals can do a great deal to improve 
their energy efficiency.

Automation as the response
The good news is that container terminals 
can meet the challenge by deploying 
advanced equipment and systems already 
available today. Crane and terminal 
automation is key to meeting the challenges 
the terminals are facing. It enables:
•	 an improved working environment
•	 safety for staff and cargo
•	 a lower environmental impact
•	 efficient land utilisation
•	 higher average and peak productivity
•	 reduced maintenance
•	 flexibility in handling varying 

volumes.
ABB has a long history of working with 

automated systems for cranes and terminals. 
More and more automation functions 
have been introduced over the years, which 
have allowed cranes to be partly or fully 
automated. Intelligent automation now 
enables the cranes to automatically adapt 
to changing circumstances optimising 
performance and output. In the case of 
automated stacking cranes, gates and crane 
OCR, the remote operation is exception 
handling only. When it comes to intermodal 
cranes, and especially ship-to-shore (STS) 

crane operation, the operator action is 
required for tasks within manned areas.

W h e n  i t  c o m e s  t o  l o w e r i n g 
environmental  impact, automation 
and energy efficiency go hand in hand. 
Automated cranes and increasingly 
also vehicles are electrically powered. 
This enables regeneration of power 
and optimisation of terminal power 
consumption over time. Automated 
equipment is operated following the most 
efficient paths and without unnecessary 
accelerations /decelerations, and huge 
savings can be made by reducing/
eliminating lighting in the terminals.

Embracing 
automation 

Uno Bryfors, vice president, 
Crane Systems ABB AB, Västerås, Sweden
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The quay operations
The STS cranes set the pace for the 
whole terminal. This means that the 
productivity of the fleet of STS cranes is 
extremely important for the commercial 
success of a container terminal. STS 
crane automation and remote control 
of STS cranes are currently two major 
trends that are profoundly reshaping 
crane operations. The main driver behind 
these trends is the need for cranes that 
have a lifting height of more than 50 
metres. The need for such lifting heights 
is due to the larger ships, like the 18,000 
TEU triple E class ships, being put into 

service. With ships of this size, the travel 
distance of the trolley also increases 
and this requires the cranes to be run 
faster to maintain the productivity level. 
Moving the human operator from the 
crane cabin and having him operate the 
crane by remote control and automation 
allows the full capacity of the cranes to 
be continuously utilised. It also opens up 
the possibility for the use of cranes with 
even higher speeds and accelerations yet 
to be built.

Automation for STS cranes consists of 
the following functions:
•	 continuous load sway and skew control

•	 ship profiling and optimum path 
control

•	 OCR identification of containers and 
vehicles

•	 measurement of vehicle position and 
guiding of vehicles

•	 automatic container landing on 
platforms, ground and vehicles

•	 single interfacing with terminal 
operating systems (TOS) for work 
orders, bay layouts, container and 
vehicle information.

Today, these functions are available for all 
types of STS cranes including double trolley 
and/or double hoist/tandem spreader cranes. 

Magnificent view: the impressive fleet of fully automatic stacking cranes at Busan newport 1-2 terminal in Korea has been taking care of the 
yard operations since 2009. the terminal’s latest extension opened for operation in 2012.
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There is a clear market trend towards 
cranes that can handle multiple containers. 
For instance, in 2013-2015, ABB has and 
will deliver automation systems, including 
automatic landing on the quay side, for 33 
cranes with double trolley and 46 cranes 
with double hoist or tandem operation.

To date, the largest cranes have double 
trolley and double hoist and a lifting 
capacity of 130 tonnes under spreader. The 
automation makes these complex machines 
manageable for operators and terminal 
logistic systems, ensuring uninterrupted 
production with high productivity. 

Produc t ion  records  ve r i f y  tha t 
automation improves productivity and 
is also ‘machine-friendly’ since it runs 
the operation smoother than a human 
operator and leads to less damage to the 
equipment. This also reduces maintenance 
costs for machinery such as spreaders. In a 
simulated environment exact comparisons 
c an  be  made  r unn ing  the  s ame  
scenario with and without automation 
functions. Simulations verify that a really 
inexperienced operator using automation 

reaches a higher productivity than an 
experience operator working in manual.

The yard operation
When the speed is geared up at the 
quay, a fleet of coordinated automatic 
stacking cranes becomes a necessity. The 
yard must be able to fully support the 
quay operation and deliver good service 
to landside transportation. During 
the last decade, many terminals have 
implemented highly-automated stacking 
cranes. In fact, the number of automatic 
stacking cranes delivered and equipped 
with ABB’s automation system will 
exceed 500 this year. 

Also, stacking cranes are continuously 
becoming larger and more advanced. 
Today, end-loading cranes are able to 
stack 5/6 tiers high and 10 wide, while 
the cantilever cranes typically stack 6 high 
and 10-14 wide. The handover to all types 
of vehicles can be automated when proper 
safety arrangements are implemented. 
In order to save time, the cranes operate 
us ing  opt imum path  over l app ing 
horizontal and vertical motion, and 
multiple cranes in a block are coordinated 
to avoid waiting times. 

S tack ing  c ranes  equ ipped  wi th 
intelligent automation are able to respond 
to varying seaside and landside volumes 
and ensure timely delivery of containers 
for quay and rail terminal processes. The 
scheduling function allows the cranes to 
optimise the use of the cranes within the 
block based on all known work orders 

and time constraints. This improves 
productivity and reduces empty travel, and 
through that, energy consumption.

From ship to gate
The large cargo quantities to be handled 
in a short period of time are a challenge 
for the whole chain from ship to gate. 
Advanced on-dock rail and intermodal 
facilities can be used to strengthen the 
chain. Intermodal cranes can be automated 
to the same level as stacking cranes and 
STS cranes. Using automated cranes and 
AGVs, it is possible to move a container 
from the ship via the stack to a rail wagon 
without using any manned machine in the 
process. 

In a fully automated terminal, accurate 
information about container identity and 
location is of the utmost importance. 
It is important to eliminate inefficient 
and risky processes throughout the 
chain, for example, manual handling of 
truck, container and driver information 
at the gate. Also, for the STS cranes, 
manual handling of container and vehicle 
identification creates unsafe and inefficient 
hand-off processes. 

By automating these transfer points 
with gate, rail and crane OCR solutions, 
the time spent on handling the containers 
is significantly reduced, greater inventory 
transaction accuracy is achieved, truck turn 
times within the terminal are reduced, 
and the safety is increased. In the Group 
Maritim TCB terminal in Buenaventura 
Columbia (TCBuen), where such a 

top: Fast and safe: aPs technology group’s gate automation system at Port of Houston; Below: Control with comfort. aBB’s new remote 
Control station for remote monitoring of automatic cranes and handling exceptions.
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solution was delivered by APS Technology 
Group, a member of the ABB group, STS 
crane productivity also increased by three 
moves per hour thanks to faster hand-off 
of the containers. 

Remote operations from a  
control room
Today, remote operation and exception 
handling are an integral part of automation 
that enables humans to be separated from 
machines and moved from a dangerous 
and harsh working environment to the 
safety and comfort of a control room. 
The remote operation also creates an 
attractive working environment for the 
next generation of port staff, increasing 
productivity and ensures that the operators 
do not develop health problems due to 
poor working environment. 

ABB has developed new, ergonomically 
designed remote control stations for 
operators monitoring and supervising 
the automatic cranes and for handling 
exceptions. The layout of the joysticks 
and controls in the remote control station 
is the result of careful ergonomic analysis 
of operators’ work flow and cooperation 
with crane operators. The controls are 
positioned in a way that supports the 
operator’s natural work flow.

In addition to a clearly improved 
working environment, remote operation 
increases productivity, improves safety, and 
reduces energy consumption:
•	 on-board cameras provide better 

views than what is possible from 

the cabin in situations like landing 
containers on a ship/vehicle or 
handling hatch covers c lose to 
ground 

•	 remote operation supports seamless 
operation without any loss of time at 
shift changes/breaks

•	 remote operation eliminates time 
and cost for transportation of staff to 
cranes

•	 with remote operation, all cranes are 
immediately available. For example, 
moving four containers from a feeder 
vessel takes a few minutes instead 
of up to an hour when you do not 
have to move the operator to/from/
between crane(s).

•	 no need to change to special clothes 
and gear. 

The team
There is one additional benefit with 
operations from a control room that 
deserves to be highlighted in this context. 
Remote operation means that the team 
comes together in one location. The 
terminals are run by a team of motion, 
logistics and maintenance specialists 
who handle the planning and manage 
exceptions together. This results in a new 
level of collaboration and team spirit since 
everyone easily interacts and shares the 
same view. Systems like the ABB Terminal 
View provide an overview of the entire 
terminal. This enables a multidisciplinary 
group to identify bottlenecks, which 
optimises processes and sets priorities to 
increase terminal productivity.

Outside the box
In 2012, the container handling industry 
made history. Terminal operators at three 
greenfield terminals placed the first volume 
orders for remote controlled STS cranes. 
The projects now being completed are 
all based on ABB’s pioneering remote 
controlled STS installation in Panama, 
which has been in operation since 2010.

The 43 remote-controlled cranes 
ordered for these terminals corresponded 
to some 20 percent of all STS cranes in 
the world ordered that year. Almost all 
of these cranes have 50 metres or more 
lifting height and will all utilise automatic 
functions to a maximum extent. This 
is especially true in the case of the two 
Maasvlakte II terminals, where double 
trolley cranes are employed and enable full 
automation on the landside. Some of the 
cranes will be delivered without the driver’s 
cabin, which makes the trolley lighter and 
eliminates the cost of the cabin, cabin 
equipment, air-conditioning and cabling. 

Examination of the cranes and other 
equipment terminals have ordered recently 
shows that the industry is moving towards 

more advanced equipment, integrated 
systems and automation, involving the 
whole chain from ship to gate. Automated 
horizontal transport is being delivered to 
several terminals. The automatic stacking 
cranes are the forerunners of automation 
and are now moving the automation 
frontier to new regions like Central 
America with projects in Mexico and 
Panama. For example, the Manzanillo 
Terminal in Panama is strengthening 
its yard crane fleet with six automated 
cantilever stacking cranes, which will 
operate alongside the existing RTGs, 
significantly increasing the container 
handling capacity of the terminal. 

The changes that we now see in the 
industry are based on urgent needs and 
the availability of suitable technologies. 
This means that we will see a fast 
transformation of our industry within the 
next few years.
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Knowledge dissemination and 
exchange 
The Central  Dredging Association 
( C E D A )  i s  a n  i n t e r n a t i o n a l  
o r g a n i s a t i on  o f  p ro f e s s i on a l s  i n  
dredging and related fields comprising 
of dredging contractors, ship yards, 
w a t e r  a n d  h a r b o u r  a u t h o r i t i e s , 
consultancies, knowledge institutes and 
supplying enterprises. The activities of 
CEDA can best be summarised thus: 
(i) a provider of an independent forum 
where all those involved in any kind of 
activity related to dredging and marine 
construction can meet and discuss 
dredging issues and, (ii) a facilitator 
to generate and disseminate quality, 
impartial knowledge and information 
about  a l l  a spec t s  o f  d redg ing  to 
those who either want it or need it. 
Derived from this it is clear that the 
dissemination of  high qual i ty  and 
advanced knowledge is an important 
goal of CEDA.

A wish to enhance the 
interactivity
In June 2013, CEDA organised and 
hosted the twentieth World Dredging 
Congress and Exhibition, also known as 
WODCON XX, as part of its triennial 
schedule of global dredging summits. The 
four-day event with 95 peer-reviewed 
technical papers, highly enjoyable social 
events and technical tours was an immense 
success. Many of the respondents wished 
to have more interaction with the speakers 
on their subjects than the conventional 
format of presentations allowed. This wish 
was taken up by CEDA in their next event.

Traditionally CEDA organises one 
of its dredging conferences during the 
biennial Europort Exhibition at Ahoy 
Rotterdam in the Netherlands under 
the name CEDA Dredging Days. This 
conference during Europort 2013 was 
also scheduled to be organised by CEDA. 
So for a second international meeting 
that year this gave the possibility to divert 

from the CEDA Dredging Days concept 
during Europort and thus the CEDA 
Forum 2013 took place.

Networking
CEDA Forum 2013 was designed to 
maximise interaction and networking 
to allow delegates to engage with each 
other and with the content. Entitled:  
Dredging in a Changing World, the 
forum focused on two current and 
prominent issues in the dredging industry. 
The morning session came under the 
title ‘working under exotic circumstances’ 
and the afternoon session under ‘ large 
marine infrastructure projects and the 
EU habitats directive: lessons learned’. 
The forum séance was topped with a 
concluding technical visit the next day.

The Arctic is buzzing
The morning session was focused on 
health, safety and environment under 
Arctic circumstances. Working in the 

Conveying and  
refining arctic safety

Johan Pennekamp, deputy manager section morphology and sediment dynamics, Deltares, Delft, 
the Netherlands and Wilfred Haaijer, SHE-Q manager, Boskali, Papendrech, the Netherlands

Learning from each other.
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Arctic is currently very popular within the 
dredging and offshore industry. Recently 
the Dutch Maritime Innovation Platform 
commissioned the preparation of a manual, 
the Arctic Handbook, in which leading 
Dutch companies bring their knowledge 
and experience on the subject together for 
mutual and public use.

Starting off in the morning session
Three very short presentations were 

given by industry specialists. Wilfred 
Haaijer, SHE-Q manager at Royal 
Boskalis Westminster started off by 
shining the spotlight on safety attitudes 
under the title ‘vigorously embracing 
safety with NINA’. This was followed by 
Sebastian Villyn, maritime risk analyst at 
Control Risks, who discussed safety issues 
under the title ‘icy waters opportunities 
and obstacles in the Arctic’. The short 
introductions were completed by Dr. 
Ryan Copeland, regional medical director 
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the discussions delivered lots of new ideas even for the seasoned experts.

no room for error in an unforgiving environment such as the arctic.
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assistant, Northern Europe at International 
SOS, who spoke on health issues in remote 
and hostile areas under the title ‘extreme 
remote health care’. In order to generate 
good audience interaction the presenters 
made use of a voting system to get a good 
view of the interests of those present and 
to create meaningful involvement. 

Health and safety in the Arctic 
A workshop phase was also held with Hein 
Baartmans, director strategic accounts at 
Control Risks, as moderator. The audience 
and the specialist presenters discussed the 
mobilisation of dredging vessels to the 
Arctic and the multitude of incidents that 
can occur. Solutions and proposed actions 
were sought from small discussion groups 
of participants. Each group had to find 
solutions to the safety and risk issues that 
arose, taking the roles of dredger captain or 
operations director based at the dredging 
company’s head office. It was illuminating 
to find how remoteness was often the cause 
of small mishaps that resulted in really big 
problems. The remoteness itself was shown 
to be the cause of more health and safety 
issues than the harsh arctic temperatures. 
Two key points of agreement emerged: 
(i) a safety culture has to be founded on 
three pillars: open communication, equal 
perception and trust, and (ii) safety conduct 
and safety awareness go hand in hand, as do 
risk avoidance and risk awareness.

CEDA Forum 2013 concludes
The forum offered a new way of 
communicating and learning with smaller 
intimate workshops with presentations to 
inform and discussions to educate. At the 
end participants were asked to write down 
the most important thing they had learned 
during the workshop. The most striking 
thing was that almost everyone learned 
something different. That’s a lot of lessons 
learned. Anders Jensen, president of CEDA, 
stated: “We can say with confidence that 
the experiment has worked well. We have 
learned a lot, and we will certainly see more 
opportunities for structured engagement in 
our future events.”

Wilfred Haaijer of Royal Boskalis 
Westminster elaborates on 
‘Vigorous safety with NINA’
In organisations safety is traditionally 
managed mainly by procedures and rules. 
Boskalis concluded in 2009, that although 
their safety performance would improve 
substantially with this approach, ownership 
and engagement were still rather low. If 
you were asked; were you ever motivated or 
stimulated by procedures or rules? Surely 
nobody would answer with an enthusiastic 
‘yes’. Consequently an approach solely 

based on rules will never motivate 
or stimulate employees. So Boskalis 
asked itself ±  “how can we create safety 
ownership and engagement throughout 
the entire organisation?”

In an intensive two year co-creational 
process a company philosophy was 
developed called ‘NINA’. The name NINA 
represents the ambition and the why of our 
philosophy and stands for ‘No Injuries No 
Accidents’. This philosophy is based on five 
values and five rules. The values are how 
to approach safety. It is all about taking 

responsibility, open communication and 
building on lessons learned. The rules are 
supportive and focus on risk management. 
This is supported by a programme to 
embed it in the organisation.

How do I look at the challenges we will 
face for Arctic operations. I am confident. 
Why? Due to the fact that our mindset is 
‘we care’ and ‘we will not take unacceptable 
risks’. We will take the right mitigation 
measures and only start when we are ready. 
With all the professionals and knowledge 
we have, it will be possible.
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Introduction
In the United States, the Army Corps 
of Engineers (Corps) is responsible for 
building and maintaining much of the 
federal water resources infrastructure 
and is responsible for the construction 
and maintenance of navigation projects 
on 12,000 miles of river channels that 
comprise 27 inland river systems, and 
207 lock chambers at 171 lock sites. 
However, a crisis is developing in the area 
of maintenance of lock and dam (L&D) 
infrastructure. The Corps faces a higher 
demand for building and maintaining its 
projects than available federal funding 
allows. This situation is raising basic 
questions about how the Corps functions, 
including the effectiveness, efficiency, 
and equity of Corps planning and 
implementation. 

One of the primary objectives of the 
main study was to explore the potential 
for transitioning from the current funding 
approach in the US to the bonding style 
(lump sum up-front) approach used abroad.i

In order to support this objective, this 
study analysed and compared economic, 
funding, and financing issues associated 
with three case studies of waterway 
infrastructure projects: McAlpine locks 
and dam in the US, the Panama Canal, 
and Deurganck Lock in the Port of 
Antwerp, Belgium. This article summarises 
these case studies and their findings. 
The researchers concluded that it would 
be possible to maintain, improve, and 
ensure the long-term viability of US 
inland waterway infrastructure through 
alternative approaches, but significant 
changes would be required in regards to 

policies, funding mechanisms, programs, 
and procedures related to project planning 
and implementation.

United States ± McAlpine locks 
and dam
The overall cost of the McAlpine locks 
and dam rehabilitation increased by 
38 percent to a total cost of US$430 
million due in large part to the almost 
14-year duration from initial funding to 
completion (1996-2009). Cost overruns, 
design changes, and funding availability 
were constant challenges. For most fiscal 
year funding cycles, the McAlpine project 
did not receive the full-year funding 
capability limit (the amount of funds that 
can be obligated effectively and efficiently 
on a project in a fiscal year, consistent with 
law and policy). According to the Corps 

Funding and 
financing marine 
infrastructure

C. James Kruse, director, Annie Protopapas, associate research engineer, 
David R. Ellis, research scientist and Nicolas D. Norboge, assistant research 
scientist, A&M Transportation Institute

Fiscal Year (FY ) Fiscal Year Full Capability 
Funding ($ million)

General Appropriations 
Received ($ million)

General Appropriations as 
Percent of Full Capability 
Funding

1999 – 1.0  ±

2000 ± 2.8  ±

2001 20 14.0 70.0%
2002 24 13.6 56.7%
2003 30 6.19 20.6%
2004 70 26.1 37.3%
2005 120 58.0 48.3%
2006 80 60.9 76.1%
2007 87 70.0 80.5%

2008 45 45.0 100.0%

2009 ± ±  ±

AVERAGE 61.2%

- Data not available

McAlpine Lock Project Full Year Capability Funding vs. Actual Appropriations.
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it received on average 61 percent of full 
annual capability funding levels. 

A bonding style approach (ie. 100 
percent of funding for a project provided 
up front) would likely have resulted in 
significant reductions in the construction 
t ime  f o r  the  McAlp ine  p ro j e c t . 
Conservative construction schedule 
estimates suggest that the McAlpine 
Lock, if built to full capability funding 
levels, could have been completed in 
2005 rather than 2009 (ie. four years 
sooner), assuming no design changes. 
The available data begin with 2001 but 
the construction phase officially began in 
1996, corresponding to six years with no 
data. For the period 2001-2009, up-front 
funding could have reduced the project 
duration by 44 percent. If the 44 percent 
ratio of time savings is applied to the first 
six years with missing data (1996-2001), 
another 2.7 years could possibly have 
been taken off the actual duration of the 
construction project. Altogether, the data 
indicated that 6½ years, and as much as 
US$136 million might have been saved 
had the project been fully funded up-front 
or at full capability each year (a completion 
date sometime in 2002 versus early 2009). 
iiAllowing the McAlpine locks project 

to be constructed under a bonding style 
approach could have significantly reduced 
the construction schedule, which would 
have reduced the time during which 
traffic relied on the older structure, and 
therefore would have reduced the risk of 
an interruption in service.

Funding and financing 
infrastructure
Despite a recent advent in public-private 
partnerships and discretionary grants for 
port infrastructure improvements in the 
US, lock and dam infrastructure is funded 
very differently than in other countries. 
For this research effort, two case studies 
were chosen for comparison: the Panama 
Canal and Deurganck Lock in the Port of 
Antwerp, Belgium

While the US funds its lock and dam 
infrastructure through general revenues 
and taxes levied on diesel fuel used in 
commercial transportation on inland 
waterways (Inland Waterways Trust Fund±
IWTF), the Panama Canal Authority 
(ACP) and Antwerp Port Authority fund 
their infrastructure primarily through a 
vessel toll/fee approach. The financing 
sources tapped by these two projects 
are primarily international investment 

banks ie, Japan Bank for International 
Cooperation, Inter-American Development 
Bank, International Finance Corporation, 
and Corporación Andina de Fomento 
in the case of the Panama Canal; and the 
European Investment Bank (EIB) and 
KBC Bank for Deurganck. They do not 
generally make investments in the US. The 
construction time of these two projects 
indicates that upfront financing plays a 
significant role in determining the time it 
takes to bring a project to completion.

Costs and completion dates
There is a notable difference with respect 
to schedules and budgets between the 
foreign projects and the US project. Both 
the Panama Canal and Deurganck Lock 
are currently under construction and 
generally on schedule. Although it has 
fallen behind schedule, the delay is due 
to the performance of the contractor, 
not the funding or design of the project. 
The Panama Canal began in 2007 and is 
scheduled for completion in early 2015, 
while Deurganck began in 2011 and is 
scheduled for completion in 2016. 

The Panama Canal expansion is 
scheduled to be completed within budget 
and just slightly behind the original 
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the multi-billion dollar expansion of the Panama Canal is scheduled to be completed in early 2015.
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schedule. The ACP has achieved this 
success in part because of how the project 
was financed. The ACP took advantage 
of access to four international lending 
facilities that provided an immediate influx 
of cash from various investors, bringing the 
project to completion more quickly than 
could otherwise be realised. The ACP 
will, in turn, use enhanced toll revenue to 
service the debt on the capital investment 
required to accelerate construction. These 
and other factors help explain why the 
Panama Canal can be completed so much 
faster than projects in the US. To be able 
to construct a project of this magnitude 
in the US would require a completely 
different funding paradigm than is 
currently in place. Given the current rate 
of collections for the IWTF, it would 
likely take over 30 years to build such a 
project assuming the IWTF and matching 
federal appropriations were spent only on 
the one project (unlikely). Although it is 
an extreme example, if the Panama Canal 
(estimated cost of US$5.25 billion) were 
funded and constructed at the same rate 
as the McAlpine Locks project in the US 
(actual cost of US$430 million), it would 
likely take over 150 years to construct. 

Construction on the new Deurganck 
Lock at the Port of Antwerp, Belgium 
began in 2011 at a cost of US$460 million. 
This construction follows the deepening 
of the Scheldt River which enables 
Antwerp to more easily handle the largest 
container ships that previously could only 
reach the port at high tide. Deurganck 
will rank as the biggest lock in the world 
when it opens in 2016. Site preparatory 
work started in October 2011. As of this 
writing, excavation work is currently being 
carried out and is expected to last until the 
summer of 2014, followed by concreting 
and assembling the steel structures. Work 
on building the lock itself began in fall 
2013, and is due to be completed in spring 
2015. The final dredging work is scheduled 
for late 2014 until the end of 2015, with 
the opening date occurring early in 2016.

In conclusion
Carriers, shippers, receivers, and ultimately 
end-consumers incur significant costs due 
to operational inefficiencies caused by 
inland waterway infrastructure deficiencies. 
It can be possible to maintain, improve, 
and ensure the long-term viability of US 
inland waterway infrastructure through 
alternative approaches, but significant 
changes would be required with regard to 
policies, funding mechanisms, programs, 
and processes related to project planning 
and implementation. 

The authors wish to thank the US United 
Soybean Board for sponsoring this research.
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Container ports and terminals face the 
challenge of adapting to new technologies 
to improve service excellence and remain 
competitive. Quality of service is the 
driving factor that enables terminal 
operators to retain customers and attract 
new ones, and is based on four key 
operational pillars: vessel turn-around 
time; terminal operational cost; berth 
schedule reliability and operational 
control and visibility.

The use of automation at container 
ports and terminals in the form of 
process and equipment automation 
has become a practiced and accepted 
method to improve operational quality 
of service. As a result, container terminal 
automation is a growing global trend. In 
the last decade, container terminals in 
North America, Europe, Middle East, 
Asia and Oceania have built container 
terminals employing varying levels of 

automation. The main benefit is the 
ability to offset high labour costs with 
improved safety and more efficient 
movement of containers to and from a 
vessel and through the yard and gate.

We are currently experiencing an 
inflection point in this industry, and 
with the dramatic changes in operational 
requirements we need to find the next 
level  of  optimisation for terminal 
operations. Shipping lines are pushing 
the current boundaries for capacity and 
performance, proven by the introduction 
of 18,000 twenty-foot equivalent units 
(TEU) class mega-vessels as well as the 
vessel sharing agreement (P3 Alliance) 
between CMA, Maersk and MSC. 
These signal that times are changing. In 
order to remain competitive and provide 
the necessary service levels, terminals 
and carriers need tight cooperation 
and collaboration. In addition, the next 

generation of terminal operations needs 
to focus on profitability. As a result, the 
trade-off between service time, capacity 
and cost needs to be well driven. To 
achieve these goals, it is c lear that 
effective automation of processes and 
equipment needs to be applied to the 
operation.

As the next generation of automated 
terminals prepare to go-live, it is clear 
that this trend is not going away. For 
greenfield sites, automation is a credible 
option offering new possibilities for 
operational control and visibility with 
reduced operating costs and enhanced 
service excellence. But for existing 
terminal operators, implementing these 
cutting edge, automated technologies 
comes with its fair share of challenges.

Terminal automation challenges 
and solutions
In order for a terminal to successfully 
deploy automation in their operations, 
there are chal lenges to overcome. 
Outlined below is an overview of these 
challenges with recommendations on 
how to tackle each one and successfully 
work towards full automation to remain 
competitive.

Terminal design
There are many combinations of possible 
terminal topologies and equipment 
configurations that depend on the 
requirements for: 
•	 Capacity	and	Performance	
•	 Traffic	Pattern	and	Modal	Split	
•	 Vessel	Types	and	Berthing	
•	 CAPEX	/	OPEX	constraints

Software provides f lexibil ity and 
simplifies the operational complexity 
that comes with automating terminal 
operations. There are models, workflow 
engines and algorithms in the software 
that are extensible and configurable 
enough to support the fundamental 
principles in the terminal design. New 

Easing 
into automation

Dr. Oscar Pernia, director of product management automation,
Navis, Oakland, California, United States

Most of the Greenfield sites under construction today are implementing fully automated 
equipment, which includes Automated Stacking Cranes (ASCs) seen here.
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system architecture, modern software 
technologies, more accurate models 
o f  vesse l  and termina l  geometr y, 
equipment kinematics, and the adoption 
of new procedures and techniques for 
development and testing are helping 
to address the challenge of providing 
functional consistency independently of 
selected terminal topology and equipment 
configuration. Simulation and emulation 
tools also help to test the configurations 
around predetermined operational key 
performance indicators (KPIs). 

Operational transition
There are always opportunities to 
op t imi se  and  au tomate  t e rmina l  
operations and there are different business 
cases, each of them requiring a different 
approach:
•	 Greenfield	 sites	 can	 introduce	

automation from the beginning of 
their design-build foundations.

•	 Brownfield	 sites	 can	 introduce	
automation by co-existing initially 
with current operations while 
changing their mode of operation 
gradual ly  and in a control led 
manner.

•	 Terminals	 can	 decide	 to	 optimise	
their operations without changing 
their methods, investing only in 
process optimisation and refactoring 
operational concepts. 

In any of these cases, the system 
architecture needs to provide the 
required flexibility and modularity to 
allow terminals to complete all phases of 
automated or optimisation projects. This 
should happen either simultaneously, or 
the systems need to co-exist between 
different modes of operations without 
impacting the productivity  of  the 
operation. Architecture co-existence and 
system compatibility between different 
phases during related transition are 
fundamental in this area.  

System integration
An increasing number of terminals 
are integrating multiple systems and 
technologies into their operations. 
With this in mind, now is the time 
for our industry to concentrate on 
s tandardisat ion. We need a  c lear 
definition for interfaces and solution 
modularity and for aligning the processes 
for specification, development, testing, 
deployment and tuning to include clear 
criteria for integration readiness before 
go-live. 

Automation introduces additional 
levels of complexity because of decisions 
about equipment moves that are made 
by systems and their related algorithms. 
The integration and interfaces between 

different 'pieces '  of  sof tware then 
become critical and fundamental to the 
project. In general, when automation 
does not provide the expected results it 
is usually because there is either a gap 
between functional and implementation 
design	and/or	the	hardware	and	software	
has not  been proper ly  tested and 
integrated.

I n d u s t r y  d i s c u s s i on s  c u r r e n t l y 
focus on the design of the overal l 
automation solution architecture. This 
includes the interfaces and interactions 
between the terminal operating system 
(TOS) and equipment control system. 
Equipment control systems manage 
the required connectivity and real-time 
information flows between the TOS 
and the equipment; this enables the 
TOS to manage the holistic planning 
of all operational processes related to 
equipment moves whilst simultaneously 
overseeing operational decisions.

Performance, control, predictability and 
profitability in terminal operations 
W h e n  i t  c o m e s  t o  a u t o m a t i o n , 
optimisation can provide a solution to 
figure out the gap between planning and 
execution. Optimisation also supports 
decisions with critical time constraints 
in a dynamic and variable operational 
environment. As a consequence, it is 
vital that a holistic approach to the 
feedback mechanisms of the systems 
is incorporated. This holistic approach 
will consolidate the message from the 
automated system on performance, 
control, predictability and profitability. 

In general, automation is improving 
operational control and predictability. 
With the addition of analytics to the 
transformation process terminals will 
be able to have a clear understanding 

of the parameters that will determine 
operational excellence along with the 
financial health of terminals. Analytics 
and related business intelligence tools for 
containers will also improve the current 
cooperation and visibility with the 
carriers.  

User education and training 
Automation demands a high level of 
qualification and intellectual skills in 
personnel working at control centres in 
container terminals. The human resources 
requirements for automated terminals 
are very different from the requirements 
for the traditional container terminal 
operator. The training and qualifications 
are important but the organisational and 
process definitions are essential. Users 
need to be prepared and qualified to play 
an active role in planning, monitoring, 
analysing and controlling highly advanced 
operations.

From a systems perspective, we need 
to remove the idea that optimisation is a 
‘black-box’ in terms of configuration, as 
optimisation provides visibility and full 
operational control to users. Automated 
container terminals are setting up new 
scenarios where they develop complex 
systems with simple operations where 
human brains can tune in. Users need 
proactive analysis tools to identify 
problems and bottlenecks before they 
impact productivity. 

U l t i m a t e l y, t e r m i n a l s  n e e d  t o 
distinguish between the different needs 
for different users. New profiles and roles 
for automation and optimisation involve:
•	 Planning	staff:	vessel,	yard	and	rail	

planners, with a focus on increasing 
planning capacity, but also in 
improving planning quality and data 
accuracy 

integration of hardware improves productivity with gate processes.

48   Edit ion 61: Februar y 2014 www.por ttechnolog y.org

ContAiner HAndlinG 
in pArtnerSHip witH  



tmeic.com    |    1-540-283-2250    |    Email: mh@tmeic.com    |    Roanoke, Virginia USA 

TMEIC has a history of bringing skill and automation together. 

Our advanced control and automation systems assist the 

operator, improve performances, and reduce downtime. 

With over 2,500 engineers and a presence on fi ve continents, 

TMEIC is committed to excellence, delivering complete crane 

systems, and the operation of terminals worldwide. 

When you are ready to move the world – contact TMEIC. 

Crane automation 
technology to move 
the world.



About the author

Dr. Oscar Pernia is director of product management automation for Navis. He joined 
Navis in December 2011 to manage the planning, development and execution of its 
automated terminals product strategy. Prior to joining Navis, Oscar worked for TTIA 
PSI leading a team of 22 engineers on the integration between TOS, automation 
and application technologies. Before TTI, Oscar spent eight years in IT with the 
Algeciras Bay Port Authority where he held a variety of positions managing projects 
focused on technology and process optimisation. 

About the organisation

For more than 25 years, Navis has provided the global technology standard 
for managing the movement of cargo through terminals. The Navis N4 terminal 
operating system optimises operations, unlocking operational efficiency, productivity 
and visibility for terminal operators. Navis combines industry best practices with 
innovative technology and world-class services that enable marine terminal operators 
worldwide to maximize performance with reduced risk.

Enquiries

Company address (headquarters): 55 Harrison Street, Oakland, CA, USA 94607
Telephone: +1 510 267 5000 
www.navis.com/contact

•	 Control 	 staff :	 dispatchers	 and	
controllers and new positions for 
process supervisors, with important 
r e q u i r e m e n t s  a b o u t  p r o c e s s 
analysis and monitoring in order to 
warranty the smooth and efficient 
development of operations

•	 Union	staff:	positions	are	changing	
with automation, giving union 
staf f  members  more v is ib i l i t y 
into operations with real-time 
information

Despite the challenges, automation 
continues to be adopted and embraced 
throughout the industry and is here to 
stay. To ensure that it is implemented 
properly, challenges need to be addressed 
to consolidate and prove that automation 
is a worthwhile investment. If executed 
properly, automation will provide high 
quality levels of performance, data 
accuracy, control, analysis and ultimately, 
profitability for ports and terminals 
around the world.
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Automating a greenfield (newly built) 
terminal from scratch is often what comes 
to mind when discussing automated 
terminals. However, existing (brownfield) 
terminals can be automated partially 
or wholly to achieve the benefits of 
automation. At brownfield terminals, 
the transition to automated operation is 
carried out step by step in different areas 
of the terminal to avoid loss of capacity. 
Automation can also be implemented by 
expanding the terminal to an unused area.

No matter what the approach, the 
project requires thorough analysis and 
terminal layout planning. Numerous 
technology and equipment combinations 
are available and these need to be 
studied carefully in order to identify the 
best choice for the operator. Solutions 
inc lude automated stacking cranes 
(ASC) with manned or automated 
shuttle carriers for horizontal transport; 
ASCs and automated guided vehicles 
(AGV); fully automated straddle carrier 
terminals; automated rubber-tyred (RTG) 
with automated shuttles; and various 
combinations of the above. 

 Driven by business needs
Terminal and process automation are 
recognised as the next steps towards 
improving productivity and performance 
at today's container terminals. Automation 
has been steadily gaining ground over the 
last decades, driven by numerous industry 
trends. 

On the one hand, terminals need to 
utilise their existing equipment, resources 
and space to maximum capacity, and 
every incremental improvement adds 
up to massive savings over the course of 
a fiscal year. On the other hand, qualified 
labour can be hard to obtain, and safety 
issues as well as human factors often 
restrict the performance of terminal 
equipment from its full capacity. The latest 
supersized container ships place additional 
competitive pressure on terminal operators 

to maximise throughput and minimise 
turnaround times. 

Evolution by design
The histor y of container terminal 
automation extends back some 20 years. 
The world's first automated terminal 
was ECT Delta in the Netherlands, 
operational since the early 1990s. The 
terminal is based on the AGV concept 
with automated stacking cranes. The 
container stack follows the typical 
European layout of being perpendicular to 
the quayside. Each STS crane is served by 
four AGVs, and the handover is a coupled 
process taking place under the STS crane 
legs. A single ASC serves each block of the 
6-wide container stack, which is stacked at 
1-over-3 and 1-over-4 heights. 

A somewhat similar ASC and AGV 
concept, although with larger stacking 
capacity and two ASCs per block is also 
used at the newer ECT Euromax terminal 
in the Netherlands, operational since 2008.  

The next generation of automated 
terminals took the concept a major step 
ahead, obtaining higher capacity and more 
flexibility in container handling. Opened 
in 2000, the HHLA CTA Terminal in 
Hamburg introduced a second ASC to 
the container block, now stacked 1-over-5 
with a width of 10 or 12 containers. The 
ASCs ride on two sets of rails, allowing 
the smaller crane to pass under the larger 
one. The AGV-STS handover takes place 
under the backreach of the STS crane, 
improving safety by keeping workers out of 
the handover area. 

A decade later, the HHLA CTB 
Terminal, also in Hamburg, developed 
these ideas even further. Operational since 
2010, the terminal features a novel and 
highly flexible arrangement of three ASCs 
per block (two small and one large). The 
ASCs are coupled with manned shuttles 
for horizontal transportation. 

For a very different concept, one can 
look to the Patrick Container Terminal 

in Brisbane, Australia. The terminal, 
operational since 2007, is the world's first 
fully automated straddle carrier terminal. 
A fleet of 27 Kalmar AutoStrads handles 
both quay and landside operations. Three 
AutoStrads serve each STS crane, and the 
carriers are pooled for maximum efficiency. 
The straddle carrier concept enables a fully 
decoupled process, as the STS cranes and 
carriers can place containers in the crane 
backreach without having to wait for each 
other to finish their ongoing work cycle. 
The result is a marked improvement in 
productivity. The terminal also has an 
excellent safety record since the system has 
been in place.

Automation for 
brownfield terminals

Elmar Hendriks, director for terminal development and automation, 
Kalmar, Finland  
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Global potential 
There are approximately a dozen fully 
automated container terminals around the 
world. With some 1,400 container ports 
around the globe, the future potential is 
massive. 

Many of the most dramatic examples 
of automated container terminals are 
greenfield installations built from the 
ground up. However, automation also 
holds significant potential for increasing 
the performance and capacity of existing 
terminals. 

The latest innovations in terminal 
design are centered on decoupling the 
container handover and creating new 

hybrid terminal layouts that combine 
the best of multiple container handling 
technologies. As a result, the benefits of 
automation are increasingly accessible for 
terminals of all sizes.  

Automation has proven itself for ship-
to-shore container handling rates of 25 
to 30 containers per hour. As to what is 
possible in the future, a lot depends on 
the individual cargo handling patterns 
of the specific terminal. However, for 
projected future performance of around 
40 to 45 moves per hour, one of the key 
concepts is the decoupling of vessel and 
yard operations. This enables operators 
to maintain smaller fleets while reducing 

traffic congestion and equipment idle time.
One of the most interesting new 

terminal designs is the TraPac extension to 
the Port of Los Angeles, scheduled to be 
operational this year. Built around a fully 
decoupled process, the terminal combines 
three very different automation concepts 
on a single site. In addition to both 
perpendicular and parallel container stacks 
served by ASCs, the terminal also includes 
a third, diagonally placed AutoStrad stack 
that allows the terminal operator to make 
the most of previously unused land. As 
in Hamburg and Brisbane, the change 
to automated operation is done step by 
step in different areas of the terminal to 

Figure 1: HHla Container 
terminal Burchardkai (CtB), 
Hamburg, germany. 
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keep the port online and to avoid loss of 
handling capacity. 

Multiple avenues for growth
The selection of a terminal concept (RTG, 
ASC, straddle carrier etc.) has massive 
implications for the future of any terminal. 
However, it is important to realise that 
concepts can be combined, thus providing 
new avenues for future growth. 

For example, a midsized container 
terminal could begin automating its 
operations with an AutoStrad stack for a 
relatively small initial investment. In the 
future, a few ASC blocks could be added 
for a dramatic increase in stack density. 
Due to the simple laws of geometry, an 
8-wide ASC can stack up to 25 percent 

more containers than traditional 6- or 
7-wide RTGs that need to leave a lane for 
terminal tractors or shuttle carriers at the 
side of the stack. 

The benefits of automation thus include 
improved terminal capacity in addition to 
better performance and lower operational 
costs. For this hypothetical midsize 
terminal (See Figure 1), an increase in 
capacity from 250,000 to 1,000,000 
twenty-foot equivalent units (TEU) 
per year would be well within reach ±  all 
without expanding the land area used. 

Hybrid terminal designs also hold great 
promise for other applications. ASCs and 
shuttle carriers could be combined for 
more efficient handling of reefers or empty 
containers (See Figures 2 and 3). 

Future directions 
As vessel sizes increase, the demands on 

crane speeds will grow commensurately. As 
a result, remotely operated STS cranes are 
likely to see rapid development over the 
next five to ten years. 

In addition to port equipment, process 
automation allows terminal operators 
to gain new levels of performance from 
their existing infrastructure, and operators 
to gain immediate benefits from adding 
automation for a very moderate initial 
investment. For example, the Kalmar 
SmartPort process automation portfolio 
includes several modules to gain efficiency 
and safety benefits. 

Another area of great interest is 
automated lashing and twistlock handling. 
Again, the issue is decoupling ±  how 
to ensure optimum performance by 
eliminating the need for one piece of 
port equipment to wait for another. The 
automated lashing platform is a solution 
designed to address this need. The system 
currently supports 95 percent of all twist 
locks and is expected to gain ground 
rapidly as the technology matures. 
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Figure 2: trapac terminal , the port of los angeles, Ca, Us.

 Figure 3: patrick Brisbane autostrad terminal, the port of Brisbane, australia.
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Higher, faster, further - advanced brake 
technology in the port sector follows the 
global productivity developments of the 
international maritime trade in the last 
decades. With the main objective of an even 
faster and more profitable stock turnover, 
the container vessels are getting bigger and 
bigger and the ship to shore cranes higher 
and higher consistently. Ever heavier loads 
will be lifted and current twin lift spreaders 
come with 80 tonnes SWL and 105 tonnes 
lifting capacity. Boom hoists, main hoists 
and gantry travel drives must be able to 
deal with such loads, and advanced brake 
technology must keep pace and has to 
safeguard the crane operations permanently 
and in case of emergency.

But service, emergency or storm brakes 
cannot be getting bigger and bigger as well 
to meet these increasing demands. The 

‘Post-Post-Panamax-Brake’ could not be 
a sufficient solution -quite the contrary. 
Space is in short supply in machine houses. 
Give us more braking torque, said the 
crane manufacturers to the brake people, 
but keep it small. And while you're at 
it, please include low maintenance and 
high lifespan. This is another important 
point. With higher lifespan the extent of 
follow-up costs are more relevant for the 
buying decision of a crane manufacturer or 
port operator than the initial costs.

Brake manufacturers can react to these 
demands with several options. The main 
strategy of the manufacturers was to change 
the design of the brakes. Intelligent brake 
design results in higher braking forces, 
smaller envelope sizes and weight reduction 
at the same time. An intelligent design 
also helps in achieving wear reduction 

and guarantees the shortest possible 
maintenance operation. A better material 
quality enables longer service intervals.

Facing the demands with 
intelligent brake design
Here is a brief overview of some selected 
successful solutions SIBRE Siegerland 
Bremsen has developed to meet these 
demands. Static storm brakes are a good 
example in answer to the demand for 
weight reduction, because the designers can 
take advantage of the crane weight as a self-
energising device for generating the braking 
force. In this case, storm brakes RTCB go 
without springs as generators of the braking 
force. Non-existing parts do not need to be 
changed and weigh nothing. The brake is 
easy to install because it needs no hydraulic 
power unit, no hydraulic field piping and 
no springs and comes with field replaceable 
brake shoes for simple maintenance (see 
Figure 1). 

 Another example of intelligent brake 
design is hydraulically operated calliper 
disc brakes SHI, which decouple the 
hydraulic piston from the immediate load 
transmission. This eliminates tangential 
forces onto pistons and seals, which in turn 
virtually prevents from the risk of leakage. 
In addition, it is useful to mechanically 
optimise the load transmission onto the 
brake shoes and to equally distribute the 
clamping forces onto the entire surface 
of the brake linings to gain maximum 
braking torque. The unique design of 
these brakes provides small envelope sizes 
and an obvious weight reduction with 
remarkable higher braking torques at the 
same time. This advantage comes along 
with a low spare parts and maintenance 
requirement (due to only one dynamic seal 

Brake technology in  
the port sector
Increasing capacity and lifespan while reducing  
weight and maintenance

Lutz Kramaschki, Corporate Communications, 
SIBRE Siegerland Bremsen, Germany

Figure 1 (left): Static storm brakes RTCB for rail mounted cranes to prevent runaway in a 
storm or power failure; Figure 2 (right): Caliper brakes type SHI are used as a holding and 
emergency stop brake, installed on output shaft connected drive components such as the 
flange of hoist rope drums or the idler pulley of a conveyor belt.
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per cylinder). Manual wear compensation 
functions are simple and fast. The superior 
operational uptime is well-proven in many 
heavy duty operations (see Figure 2).

 Reduction and ease of maintenance 
remain amongst the main targets in brake 
design and manufacturing and have been 
impressively realised in USB disc brakes. 
In a first development phase, the focus 
of the engineers was on the optimisation 
of the brake mechanism in the range 
of contact between brake disc and brake 
lining. A so-called ‘synchronisation linkage’ 
guarantees an equal and synchronous 
movement of the brake arms of the disc 
brakes. A manual adjustment of an equal 
air gap between brake disc and brake 
lining is no longer required due to a ‘lining 
wear compensator device’ (taken over 
from approved SIBRE TE drum brakes). 
This device, which should better be called 
‘automatic re-adjustment of reserve stroke’, 
provides for a constant air gap and a 
constant reserve stroke.

In a second development phase, the 
engineers have been able to achieve 
a considerable increase of attainable 
clamping force due to a well-developed 
change in the brake kinematics, thus a 
change in leverage ratios. The resulting 
closing time is ten times less than the 
previous state-of-the-art. In turn, the 
newly developed principle allows achieving 
higher clamping forces and brake torques 
in less building space. In addition, the 
USB-C63 operates with less weight and 
is relatively small and therefore more 
cost-efficient yet with energy-efficient 
thrusters. This creates advantages in global 
competition that demands qualitatively 
better and significantly more economic 
solutions especially in the area of brake 
retrofitting (see Figure 3).

Keeping it small and simple is key. 
Sometimes it is sufficient to change 
the assembly of a brake to optimise the 
accessibility for maintenance purposes. 

This has been the case in the history of 
brakes for gantry travel drives in which 
motor-integrated brakes have been 
replaced by externally mounted disc brakes 
with protection cover. With universal 
mounting positions the CB8 disc brakes 
are easily accessible and adjustable with 
shortest shutdown times (see Figure 4).

Brake monitoring 3.0 ± what the 
future will bring
In conclusion, let us have a first glimpse of 
the remote monitoring of brakes. Is this a 
gimmick or a beneficial add-on? Intelligent 
house control in the private sector enables 
the switching on of alarm devices, allows 
heating monitoring and starts the cooker 
using apps on smartphones. Nowadays 
people expect feedback from machines 
such as alarms, reports, video manuals, 
graphs and so on, and from anywhere the 
user can be, and using a tablet, smartphone, 
PC. There is a demand from manufacturers 
and final customers for remote monitored 
braking solutions in the market. In 
principle, plant operators want to have 
universal real-time access and to be able to 
monitor any brake anywhere in the world 
from any location centrally.

Remote brake monitoring via mobile 
phone networks is the logical development 
of the well-known status monitoring of 
brakes (SIBRE SMS), because locations 
are often far beyond accessibility for fast 
maintenance or there is no fixed network 
connection (LAN) at the place of brake 
installation (or the subsequent end customer 
may prohibit the system supplier from using 
its local network). In a not too distant future 
remote brake monitoring in its final version 
will provide a wealth of information on 
brake data concerning status, identification 
and maintenance status and history. From 
the viewpoint of the brake manufacturer, 
it is by all means imaginable to provide 
uninterrupted remote brake monitoring as a 
service for the end user.
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Figure 3 (far left): The disc brakes type 
USB are designed considering the specific 
demands of crane-, lifting and material 
handling applications. Service or emergency 
stop brakes for heavy-duty operation and 
coasting;
Figure 4 (left): SIBRE compact disc brakes 
type CB are designed as a service and 
stopping brake in travel drives of container 
handling cranes, bucket wheel excavators, 
stackers/reclaimers etc.
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Dry Bulk and 
Specialist Cargo 
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“As many terminals face storage capacity as their throughput 
limiting factor, storage demand and material flow characteristics 
should be balanced. Simulation- based dynamic models proved to be 
useful tools for an intuitive approach.”
‘Dry bulk terminal capacity planning’, page 64.



Introduction
In 2012, the international seaborne trade for 
dry bulk cargo continued to grow: an overall 
growth of 5.7 percent, within which was a 
7.2 percent increase rate for major bulks.i

Unlike other types of terminals (e.g. 
container terminals, general  cargo 
terminals), for dry bulk terminals it 
is important to distinguish if they are 
export or import terminals. Because of 
the differences in objectives (i.e. export or 
import dry bulks), an export bulk terminal 
is designed rather differently from an 
import bulk terminal. 

 Export terminals are often located 
closer to the sources of bulk materials 
(e.g. mines); they focus on facilitating the 
outgoing flows of material, determined 
by the availability and characteristics of 
inland transportation. Sometimes export 
terminals have to keep a large (still unsold) 
stock, to support pricing in material trade. 
In many cases export terminals handle a 
limited number of material types, due to 
their location or ownership (terminals 
owned by traders/mining companies).

In general, import terminals need to 
match services both to the waterside and 
landside modalities; this is a challenge 

especially when such services must be 
offered simultane-ously. In many cases 
import terminals face a stochastic arrival of 
vessels, and the landside services and inland 
modalities are selected by the consignee and 
thus are difficult for the terminal to plan. 
Unlike export terminals, import terminals 
usually handle multiple types and/or grades 
of bulk materials; hence the resulting 
complexity of waterside and landside 
services will be even larger. This article will 
focus on the analysis of export terminals. 

Expansion of export terminals
As previously mentioned, export terminals 
usually handle less types/grades of bulk 
materials than import terminals. In 
general, the more types/grades of materials 
the terminal needs to handle, the larger the 
required storage area. This is because of 
concerns such as cross-contamination and/
or certification requirement.

Van Vianen et al. also indicate that 
the storage factors, defined as annual 
throughput per material divided by storage 
area, of export terminals are usually higher 
than import terminals. In addition, export 
terminals usually have a storage capacity 
around three to 10 percent of the annual 

throughput; while storage capacities of 
import terminals are commonly between 
5 to 22 percent of the annual throughput.ii 

Better area utilisation and process 
improvement of the existing facility is one 
of the two possibilities for the expansion 
of export terminals. This is the fastest way 
to increase a terminal’s throughput and 
often the best way when it comes to the 
utilisation of available assets. The challenge 
is to maintain operations while upgrading 
the terminal’s facilities; nevertheless in 
recent years a number of export terminals 
around the world have taken this approach 
successfully. 

Another method of expansion is to 
create a new facility close to the existing 
one. However, this  method of ten 
encounters problems such as lack of space, 
environmental constraints, difficulties 
to connect with existing facilities and/
or services (eg. inland infrastructure, 
supporting services). Even when these 
issues are resolved it is still a very time 
consuming process to complete: 10 years or 
even more is not unusual. 

Potential capacity analysis of 
existing facilities
The origins of bulk materials are often 
determined geologically therefore locations 
for many export terminals require a trade-
off between inland transportation and 
deep-sea access, and when a location is 
selected, the bulk terminal must pursue 
expansions for many decades. In this 
context, it is important to understand the 
full capacity potential of the terminal. 

An in-depth analysis of both waterside 
and landside arrival patterns and a survey 
of potential improvements are necessary 
to study terminal capacity potential. Such 
a survey may encompass continued 24 
hours operation, modified arrival patterns, 
smaller or larger transportation units (eg. 
barge convoy, number of wagons in a train), 
upgraded terminal handling systems, and 
reduced equipment breakdown figures. 

Dry bulk terminal 
capacity planning

Dr Mi-Rong Wu, consultant, 
TBA, Delft, The Netherlands

Figure 1: International seaborne trade in million tonnes loaded.i
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Because of the stochastic nature of 
arrival processes/patterns and terminal 
handling operations, more and more 
dry bulk terminals make use of dynamic 
simulations to investigate the potential 
of various improvement measures and to 
balance these measures according to their 
cost/benefit potential.  

Waterside infra and super 
structure utilisation 
Export terminals have a drive to maximise 
the throughput of their most expensive 
assets: the waterside infra and super 
structure: the quay/berth, the loading 
equipment, and the connecting transport 
system between the storage and the 
waterside loading equipment. Various 
methods can be applied in order to 
improve the utilisation of waterside infra 
and super structure:

Improve berthing/un-berthing procedures 
Some export terminals have rather long 
berthing/un-berthing time (e.g. up to four 
hours). Minimising this time will bring 
apparent positive effects on the potential 
of vessel loading berth planning.

Optimise vessel traffic rules 
Optimal traffic rules can result in shorter 
vessel journey times, resulting in higher 
utilisation rate of the berth.

R e d u c e  r e l a t e d  p r o c e s s e s  a n d  
administration
In some cases vessels have longer extended 
berth times because of process times 
holding up loading (e.g. sampling and 
weighing times), and/or administrative 
procedures (e.g. custom clearance, cargo 
surveyor, cargo documentation, inconsistent 
or lack of information). Higher berth 
throughput (average loading rate/hr) can be 
achieved by reducing these waiting times.

Better waterside handling procedures
How do you evaluate the effect of delays/
stoppages on the gross productivity? 

How much do these losses impact on the 
technical productivity of the equipment 
and the actual  gross  product iv i t y 
achieved? It takes time to start and stop 
the material flows during the handling 
at the waterside; therefore during hatch 
changes, and when resuming from 
breakdowns or shift changes, effective 
loading time is lost. A better handling 
procedure can cut down the time lost due 
to start/stop.

Deploy suitable equipment
Do you know the impact of weather 
induced delays on planning/operations?
Extreme weather conditions such as strong 
wind, tidal ranges, heavy rain, or low tem-
peratures can occur in certain parts of 
the world. The consequences of weather 
conditions can be minimised by installing 
provisions that allow all-weather operation. 

Material flows and handling 
system capacity
The storage areas of export terminals are 
used to accommodate the difference between 
incoming material flows and outgoing 
material flows, basically a buffer to connect 
the inland modalities and the waterside 
seagoing vessels. But in addition the storage 
area may serve as strategic market storage 
(trade or supply chain reliability).

Imba lanced  mater i a l  f lows  not 
only require higher storage capacity 
but also might cause longer material 
storage time. Despite the types of bulk 
materials an export terminal handles, it is 
recommended to realise shorter storage 
times; it is better for the bulk material 
quality and the terminal to achieve a larger 
throughput. 

It is recommended to take a systematic 
approach for the whole logistics chain. 
Selections of charter contracts, vessel 
sizes, barge/train/truck arrivals, type and 
capacity of barges, train wagons, truck 
type and sizes, etc. will influence the 
potential capacity of existing facilities, as 
well as the possibility for future expansion. 

Improved planning in arrival patterns/
processes together with more just-in-
time connections are beneficial for export 
terminals. 

Often the capacity of handling systems 
at the waterside is determined based 
on the required performance (i.e. vessel 
turnaround time). Landside handling 
capacity is driven by seasonal influences 
from bulk material sources (if any) and 
the services agreed between the bulk 
material suppliers and the barge/train/
truck companies. As mentioned above, 
more uncontrollable variations in material 
flows result in higher demand for storage 
capacity. The handling capacity both at the 
waterside and the landside influence the 
hourly/daily/weekly/monthly incoming 
and outgoing material flows. Thus it is 
important to consider the performance 
(e.g. in terms of turnaround time) of 
waterside and landside together in order to 
balance the handling capacity. 

Case study
Export terminals have various approaches 
to expansion due to the differences between 
material flows (both incoming and outgoing) 
and the functionality of the storage areas. A 
practical case of export terminal expansion 
studies is presented here to demonstrate 
the positive effect of using simulations to 
better determine the real potential terminal 
capacity when redesigning arrival patterns, 
charter contracts, inland transportation 
characteristics etc.

A grain and sugar export terminal is 
planning its expansion. The objectives 
of the study are to optimise the logistics 
processes (connecting rail and road 
networks) and determine the optimum 
capacity of the terminal. The terminal has 
identified the train handling operation 
and heavy rainfall as bottlenecks, and 
would like to know the optimal annual 
throughput with the planned storage 
expansion. Simulations with a dynamic 
approach have been applied to fulfil the 
objectives of the study. 

Figure 2: Vessel duration.
ridley terminal, the port of prince rupert, 
British columbia, canada
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In addition to the heavy rainfall, several 
other stoppages during vessel loading 
operations are also recorded by the 
terminal. The dynamic simulation-based 

analysis is a proven approach to analyse 
the potential berth capacity because of 
the stochastic characteristics of these 
stoppages. The results from the simulations 

quantify the impact from all stoppages and 
thus show the improvements attainable 
(see Figure 3). A sensitivity analysis, 
together with other berth analysis results 
such as berth occupancy, machine working 
hours (see Figure 4), vessel waiting time 
(see Figure 5) determine the optimal 
berth capacity. For cost reasons (the berth 
normally is the most expensive terminal 
asset) a high berth utilisation should be 
pursued but at the same time with a high 
effective hourly loading rate. At the end 
the latter parameter determines the yearly 
terminal throughput. 

Handling capacity and  
material flows
Currently the train unloading operation 
is inefficient because of the physical 
conditions of the trains and the terminal 
(e.g. diverse wagon types, low unloading 
capacity). Simulations could show the 
impact of the unpredictable train arrivals 
and rail car unloading processes onto 
the train turnaround times for various 
statistical percentiles (see Figure 6).

 Although the terminal already had 
plans to upgrade the handling capacity of 
the land-side, the simulations could still 
help to see the impact of the imbalance 
between water-side and landside handling 
capacity and characteristics onto the 
terminal throughput. 

A good way to show the imbalance is to 
start the stock level at zero at the storage 
areas, and then project the incoming and 
outgoing flows on the terminal stock 
level, even allowing the stock level to go 
below zero (negative stock level). Indeed, 
a negative stock level in reality will never 
happen; however this is a very clear way 
to show the impact of imbalance between 
incoming and outgoing material flows. 

 Figure 7 shows how the stock level 
changes over a period of one year based 
on the simulation results. If the stock 
level stays for a prolonged period of time 
above the storage capacity, this means 
the landside incoming flows are larger 
than the outgoing flows at the waterside. 
On the other hand, a negative stock level 
shows that outgoing flows surpass the 
incoming flows. Such a graph can support 
the terminal to arrange arrival schedules 
for both the waterside and the landside 
in such a way that the available storage 
capacity is maximally used in the terminal’s 
goal to fully utilise its assets.

The examples of the presented case 
learned that a capacity increase of 25-40 
percent was possible with only minor 
investments. The study learned that better 
planning (including forward estimating of 
likely stochastics) could improve terminal 
economics. 

Figure 3: Vessel time in port with all stoppages.

Figure 4: Working time per ship loader.

Figure 5: Vessel waiting time per vessel type.
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In conclusion 
With the continuous growth in dry cargo 
shipping, more and more dry bulk export 
terminals have expansion plans. In order 
to identify bottlenecks and maximise the 
potential of the terminal, it is important 
to include and quantify the impact from 
stochastic effects.

For a proper determination of the 
realisable capacity, it is recommended to 
consider the overall logistics process, the 
equipment handling capacity, and arrival 
characteristics of transportation modes 
connecting to the terminal. There are 
various methods to maximise the waterside 
infra and super structure utilisation, 
however various case studies showed 
that imbalanced incoming and outgoing 
material flows require an unnecessary 
high storage capacity. As many terminals 
face storage capacity as their throughput 
limiting factor, storage demand and material 
flow characteristics should be balanced. 
S imulat ion-based dynamic models 
proved to be useful tools for an intuitive 
approach. In this case study a simulation-
based approach assisted in visualising and 

quantifying the influences from parameters 
such as varied arrival patterns (vessels, trains, 
trucks), and operational disruptions.

What would change with minor 
additional investments realise in improving 
throughput capability and terminal 
profitability? How much investment 
would be needed to realise a considerably 
enlarged terminal throughput potential? 
The simulation supported studies allowed 
terminal operators to help in their decision 
making to evaluate different investment 
options.
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Figure 6: train turnaround time statistics.

Figure 7: an example of simulated stock level change over a year.

Edit ion 61: Februar y 2014   65 

Dry Bulk anD SpecialiSt cargo HanDling



The Black Sea region accounts for only 2.5 
percent of global seaborne trade. While 
its significance is quite limited on a global 
scale (eg. seaborne trade in the North Sea 
region accounts for 17 percent of the world 
total), the Black Sea is an important area 
of development due to its geographical size 
and resource base. Ukraine and Russia are 
two major powers in the Black Sea port 
sector. This contribution zooms in on port 
activity in Ukraine with a specific focus 
on dry bulk cargo. We discuss the current 
status of and future outlook for the major 
deep-sea ports of Odessa, Ilyichevsk, 
Yuzhnyi and Nikolaev which together 
represent about 60 percent of dry bulk 
traffic in the Ukrainian port system. 

Handling capacity of Ukrainian 
dry bulk facilities
Ukrainian ports mainly focus on the 

handling of dry bulk (agri-bulk, mining 
and metallurgic cargoes and chemicals), 
general cargo (containers and heavy 
industry goods) and liquid bulk. Dry 
cargo facilities (including dry bulk and 
general cargoes, but excluding grain and 
containers) in Ukrainian ports represent 
133 million tonnes or 51 percent of the 
total capacity of the port system. The 
grain capacity represents another 15 
percent of total ports’ capacities or about 
38 million tonnes per year. The utilisation 
rate of the cargo handling facilities for 
dry bulk cargo in Ukrainian ports reached 
92 percent in 2011. For grain facilities it 
amounted to 47 percent.

The hinterland of Ukrainian ports
Ukrainian ports not only serve the local 
economy, but also have a strong transit 
function. Dry bulk cargoes and heavy 

industr y goods are mainly export-
oriented or transit cargoes. In 2011 
transit cargo accounted for 30 percent 
of total volumes handled in Ukrainian 
ports. However, since 2008 the relative 
importance of transit cargo flows is 
decreasing, not only because of the 
world economic crisis, but also because 
of a stronger position of Russian ports 
in handling Russian cargoes. Moreover, 
the Russian railway company RZD is 
said to use a discriminative pricing policy 
disfavouring Russian cargoes that are 
handled in non-Russian ports. Figure 2 
presents the hinterland coverage for all 
cargoes processed in Ukrainian ports. 
The largest receiver/shipper is the EU27 
with a share of 24 percent. Some 15 per 
cent of the cargo flows has a domestic 
origin or destination. China and non-EU 
European countries are responsible for 

Dry bulk cargo in  
Ukrainian ports

Kateryna Grushevska and Theo Notteboom, 
ITMMA, University of Antwerp, Belgium
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Figure 1: Geographical location of Ukrainian ports and their handling capacities in 2011. 
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14 percent and 13 percent respectively 
of total port throughput in the Ukraine. 
The Middle East, Africa and Asia (excl. 
China) also have considerable shares 
representing 9 percent, 8 percent and 7 
percent respectively. 

Main dry bulk commodities and 
market players
The large  p layers  in  mining and 
metallurgic cargoes (iron ore, coking coal 
and steam coal) are Metallinvest (Russian 
company), Ferrexpo, Metinvest, Evras and 
Privat (Ukranian companies) and Arcelor 
Mittal (international company). Europe 
and China are the two main importers 
of iron ore from the Ukraine and Russia. 
The volumes of iron ore exported by 
sea amounted to 21.9 million tonnes in 
2011. The main ports active in handling 
this commodity are Yuzhnyi (incl. TIS 
terminal), Odessa, Ilyichevsk, Nikolaev 
and Izmail. The main destinations for 
iron ore are Europe and China. The 
main suppliers (shippers) of iron ore are 
Russian (Metalloinvest) and Ukrainian 
mining holdings (Ferrexpo, Metinvest, 
Arcelor Mittal, Evras, Privat etc.). 
The ports that are used for Russian 
transit iron ore are Yuzhnyi and Odessa. 
According to the industry ’s forecasts 
(Portivest) handling volumes of iron ore 
in Ukrainian ports will slightly grow to 
24.3 million tonnes in 2016.

The main destinations for imported 
coking coal are steel mills in Poltava, 
Z aporozh i e  and  Donbas  reg ions 
(Ukraine’s industrial heart). It is expected 
that only two ports will remain to handle 
coking coal - Odessa and Yuzhnyi. 
The local production of coking coal is 
expected to drop by 40 percent in 2016. 

O & D of all cargo flows 
through Ukrainian seaports

million  
tonnes

% O & D of mining and metallurgic 
cargo flows through Ukrainian seaports

million  
tonnes

%

EU 27 37.3 24 EU 27 8.1 14
Ukraine 22.5 15 Ukraine 8.0 14
CIS (excl. Ukraine) 7.1 5 CIS (excl. Ukraine) 1.2 2
China 22.3 14 China 19.8 34
Europe (not EU) 20.5 13 Europe (not EU) 6.2 11
Middle East 14.0 9 Middle East 6.0 10
Africa 11.9 8 Africa 2.3 4
Asia (excl. China) 11.6 7 Asia (excl. China) 4.7 8
North America 5.2 3 North America 2.2 4
South America 2.2 1 South America 0.2 0
Australia and Oceania 0.3 0

Total 58.8 100
Total 155.0 100

Figure 2: origin and destinations of cargoes handled in Ukrainian ports (2011).

Figure 4: Dry bulk cargo throughput dynamics in the main ports of the Ukraine  
(in 1000 tonnes).

Figure 3: total cargo throughput dynamics in the main ports of the Ukraine (in 1000 tonnes).
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Domestic steel mills found other suppliers 
to import the necessary raw material 
from overseas. It is expected that the 
first coking coal specialised facility will 
be constructed in Yuzhnyi port (at TIS 
terminal) to be operational by the end of 
2016. The supplies of coking coal from 
Russia will decrease, due to the growing 
shortage of coking coal in the Russian 
Federation and the growth of the Russian 
domestic consumption. In the next few 
years the USA, Australia and South 
America will be the major suppliers of 
coking coal to the Ukraine. 

The volume of steam coal handled in 
Ukrainian ports is expected to remain at 
a level of 16-17 million tonnes per year. 
No significant changes are expected in 
the local extracting industry as well as 
for Russian transit cargo flows. Coal 
traffic will get redistributed in favour of 
ports specialised in bulk cargo handling 
(Yuzhnyi, Nikolaev, Mariupol, Kerch, 
Berdyansk, Izmail).

The grain market is characterised by a 
high level of administrative intervention, 
ie. governmental quotas which led to 
the revision of the priorities of export-
oriented agricultural holdings specialised 
in soybean, rape seed and corn. Low 
quotas and high tariffs made the barley 
crop less attractive for growing, while 
corn has become very attractive due 
to high economic returns and stable 

excess demand in foreign markets. The 
Middle East and Northern Africa are 
major destination areas of Ukrainian 
grain exports. In 2011, Saudi Arabia 
was the largest importer of Ukrainian 
barley (64 percent of total exported 
barley), while Egypt was the largest 
importer of wheat (15 percent) and corn 
(19 percent). The entire agricultural 
industry is characterised by a large-
scale consolidation and diversification 
of activities of large agro-holdings. The 
sugar market is characterised by a high 
degree of consolidation as a result of 
assets purchase transactions of Kernel and 
Ukrland farming sugar companies. 

Traffic analysis for  
Ukrainian ports 
Figure 3 presents the evolution of total 
traffic in the four main Ukrainian ports 
during the last 10 years. Odessa port is 
the leading port in volumes followed by 
Yuzhnyi, Ilyichevsk and Nikolaev. Dry 
bulk cargoes, which are mainly focused 
on export and transit (except coking coal 
which is mainly import and transit), did 
not suffer such a big decline in 2009 in 
terms of volumes as general cargoes. The 
port of Yuzhnyi has the largest dry bulk 
volume of all Ukrainian ports (see figure 
4). Figure 5 examines the evolution of dry 
cargoes handled in Ukrainian ports. In 
sharp contrast to most ports in Western 

Europe, the Ukranian port system is 
strongly driven by export and transit 
flows. Imports do not represent a big share 
in most ports, while cabotage is virtually 
absent.

Yuzhnyi port mainly specialises in dry 
bulk cargoes, partly thanks to its deep 
draft allowing it to accommodate large 
bulk carriers. Total port throughput in 
2011 reached 22.6 million tonnes of 
which iron ore accounts for 46 per cent, 
coal 11 per cent, chemicals 26 percent 
and liquid bulk 17 percent. All dry bulk 
commodities are export-dependent. Iron 
ore volumes strongly increased from 
2005 onward from 0.5 million tonnes 
to 10.4 million tonnes. This growth 
was supported by domestic production 
and growing export markets. Coal is a 
commodity which is mainly imported for 
domestic heavy industries and/or handled 
as transit cargo mainly from Russia 
arriving to port by rail. Because of the 
improved handling facilities in Russian 
ports and expensive railway tariffs in 
Ukraine, the coal volumes in port Yuzhnyi 
started to decline. The chemicals handled 
in the port have local (eg. carbomide from 
Odessa chemical port plant) and foreign 
origins. The transit chemical cargoes are 
transported to the port from Russia and 
Belorussian by railway. 

Grain, iron ore and sugar are the main 
dry bulk cargoes handled in Odessa. 

Figure 5: Dry bulk dynamics by modality in the main Ukrainian ports (in 1000 tonnes).
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Grain volumes fluctuate between 1.6 and 
5.2 million tonnes per year, or between 
5.4 percent and 19.9 percent of total port 
throughput. The observed volatility is 
caused by the seasonality of this cargo, the 
dependence on the harvest and weather 
conditions and governmental regulation 
(export quotas). 

Although I lyichevsk handles less 
cargo than Odessa, the port volumes are 
less volatile than in Odessa. Total port 
throughput in 2011 amounted to 13.5 
million tonnes. The main commodities 
handled include iron ore (26%), black 
metals (16%), liquid bulk (9%) and 
containers (16%). The grain volumes 
fluctuates between 0.8 million tonnes and 
3.1 million tonnes. Ilyichevsk has more 
stable iron ore traffic than neighbouring 
domestic ports. Iron ore volume grew from 
0.9 million tonnes in 2002 to 3.5 million 
tonnes in 2011.

Nikolaev is the smallest port in terms 
of port traffic but its commodity structure 
is diverse. Total port throughput in 2011 
reached 8.6 million tonnes with the 
following break-down: grain (28 percent), 
black metals (16 percent), coal (18 per 
cent) and liquid bulk (18 percent). In 
the period 2002-2011, the share of grain 
in total port activities ranged between 7 
percent and 43 percent (0.5 million tonnes 
to 2.5 million tonnes).

 X Recently re-launched with significantly improved search functionality 

 X  Users can now search across a combination of location, facilities and berth depth 

 X New tool allows users to browse an interactive map of port locations 
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“As FLNG projects move further offshore and both risk and reward 
become higher, a more holistic approach to systems development 
and integration will become necessary. Manufacturers will need to 
increasingly.”
‘Evolving solutions for ship-to-ship LNG transfer in tandem configuration’, page 75.



Introduction
The global storage terminals industry 
faces many challenges, some old, some 
new; this article will discuss two of them 
both concerning the merits of mixing in 
above-ground storage tanks.

   We will discuss the challenge of 
handling a variety of different grades of 
fuel and the necessity to process them 
into a final specification in the shortest 
possible time. The other challenge 
is the necessity to keep tankage free 
from deposition ±  basic sediment and 
water.  Failure to handle either of these 
challenges could spell disaster and huge 
revenue losses.

Effective tank mixing
Whether it is fuel oils, petrol/gasoline, 
diesel and biofuels, many terminals now 
blend on a regular basis. Each type of 

material comes with its own issues, and 
with tighter clean fuel specifications 
mandated (Euro V spec/tier 2 gasoline 
and 40 CFR 80 subpart I for diesel in 
the US) the blender/scheduler also has 
fuel quality and availability to contend 
with. The last thing needed is to find 
that a large batch of finished product 
is ‘off spec’ just as the barge is docking, 
rail car train is pulling in or ocean vessel 
is arriving at the dock. This leaves the 
blender/scheduler in a dilemma, do they 
delay shipment and incur demurrage 
charges or sell at a lower specification 
and at  lower margins. Here again 
effective tank mixing can save the 
refinery thousands in any monetary 
currency.

As many refineries now specify their 
crude oil blend requirements to produce 
certain volumes of finished product as 

demanded by their fuels marketing group, 
and seasonal requirements, this brings 
additional headaches for the terminal 
blender/scheduler. The main reason for 
this is because refinery process units are 
fully automated to deliver the required 
finished products  and volumes of  
intermediate or finished product. If the 
feed stock, in this case crude oil, is not 
fully uniform (gravity) the end results will 
not be achieved.  

Computational fluid  
dynamics (CFD)
The use of computational fluid dynamics 
(CFD) provides the tank mixer vendor 
with a tool that can prove our selections 
before the equipment will even see the 
light of day. This will ensure the tank 
contents are thoroughly mixed so that 
when a fuel specification (gravity) sample 

Tank mixing in 
terminal  
operations

Christopher F. Hastings, market specialist - petroleum industry, 
Philadelphia Mixing Solutions, Ltd., Palmyra, Philadelphia, USA

Figure 1: Computational fluid dynamics (CFD) 
provides a useful tool.

Figure 2: A typical two mixer orientation. Figure 3: An unusual orientation made to work.
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is pulled from the top, middle and bottom 
it is equal to the 3rd or 4th decimal point.  
The 'key component' in achieving this is 
the propeller; the equipment must have a 
propeller capable of penetrating across the 
tank floor and creating a bottom to top to 
bottom rotation of the stored product.  

Upgrading and  
additional tankage
When making upgrades to existing 
tankage or constructing additional 
tankage it is advisable that the terminal 
owner have the engineering company, 
tank fabricator and tank mixer vendor 
discuss all the relevant tank design and 
fabrication pitfalls before construction 
starts. In short, tank mixers perform 
best when grouped together, shooting 
jet streams from points all around the 
tank shell does nothing to promote good 
bottom to top to bottom fluid motion. 
That said it is not impossible to get good 
mixing from tank mounting positions that 
are already in existence and where the 
tank owner does not want to incur extra 

costs relocating them to a more ideal 
orientation. Here again the tank mixer 
vendor can prove out his design with 
CFD.

Mitigating tank floor corrosion
While some terminals are required to 
blend different grades of crude oil and the 
parameters for this follow those described 
earlier; the greater challenge is with 
keeping tank floors clear of deposition 
by suspending it and allowing maximum 
water draw. Reducing the possibilities of 
tank floor corrosion will lower the risk of 
expensive repairs.

Since the beginning of the oil industry 
the handling of petroleum crude oil and 
the inherent presence of basic sediment 
and water (BS&W ) has cause huge 
problems for operators.  Left unchecked 
this will accumulate on the tank floor 
with a high possibility of corrosion 
leading to a leakage that will result in 
huge revenues losses and the worst case 
disastrous environmental consequences. 
O n e  o f  t h e  w o r s t  d o c u m e n t e d  

aboveground storage tank disasters 
happened in 2005 in Belgium.i

Side-entry tank mixers
Continued growth and the need for 
more storage capacity worldwide have 
fuelled the demand for side-entry tank 
mixers to prevent tank bottom build-ups 
and ensure trouble-free oil movements. 
By far the most economical method of 
prevention to the aforementioned is with 
swivel-angle side-entry tank mixers and 
adherence to a regimented programme of 
angle changing; such that the jet stream 
developed from the propeller sweeps 

Figure 4 (top): A gutter in this tank floor led to catastrophic tank failure;
Figure 5 (right): A typical swivel-angle tank mixer.
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across the tank floor suspending any 
deposition into a homogeneous mixture. 
In addition there is no loss of capacity, 
full recovery of valuable hydrocarbon 
trapped in the deposition, increased 
water draw capabilities and a dramatic 
reduction in cleaning costs and time come 
tank internal inspection time.  In some 
instances tank owners have experienced 
a recovery of greater than 80 percent of 
the deposition depending upon the type 
of crude oil stored. This can amount in 
huge gain in revenues.

There is clear evidence to substantiate 
the use of side-entry swivel angle mixers in 
crude oil tanks. Savings easily run to more 
than US$350,000/€260,000 for tankage in 
excess of 500,000 bbls / 80,000m³ capacity 
that have been in service 15 - 20 years. The 

writer has vast experience of working with 
tank owners and tank cleaning companies 
and then with the permanent installation 
of swivel-angle mixers once the equipment 
has proven their worth. One myth to 
dispel immediately is that crude oil side-
entry tank mixers do not need to run 
continuously.

The  on l y  a l t e rna t i ve  course  o f  
action is to allow the deposition to 
accumulate and schedule periodic tank 
cleaning, but this can be a very risky 
policy leading to hazardous, costly and 
time consuming tank turnarounds.  A 
rough estimate for tank cleaning is 
US$3,000 per foot/€8,500 per metre of 
tank diameter with additional charges 
if major deposition is found once the 
tank is opened, which further highlights 

why  some tank  owner s  s e r ious l y 
underestimate and end up running over 
budget. Untold and unknown damage 
can be done in periods of 10 to 20 years 
so it is advisable for tank owners to make 
a careful choice.   

Governance
The petroleum industry is governed by 
many regulations and directives that 
demand low risk or no risk situations in 
respect of aboveground storage tanks, 
from construction guidelines of API 650 
Welded Steel Tanks for Oil Storage, API 
653 Tank Inspection, Repair, Alteration, 
and Reconstruction and EEMUA Pub. 
159:1994 User’s Guide to the Inspection, 
Maintenance and Repair of Aboveground 
Vertical Cylindrical Steel Storage Tanks.
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Moving LNG production offshore
Moving liquefied natural gas (LNG) 
production offshore has presented the 
oil and gas industries with a unique 
and complex set of challenges. Floating 
liquefied natural gas (FLNG) facilities 
need to maintain the utmost levels of 
safety and give increased flexibility to LNG 
production while withstanding the effects of 
winds, waves and currents in the open seas. 

While many of these requirements 
have been met ±  and with FLNG now 
technically and economically proven ±  the 
market is moving towards taking FLNG 
further offshore. This means that existing 
components used on current sites that 
are relatively mild are not as effective. It’s 
important to remember too, that even the 
first FLNG plants are still relatively new ± 
so there are still lessons to be learned. 

In practice, some major operators are 
now finding that there is a need to evolve 
certain components and innovative new 
products are being developed to keep pace 
with this rapidly evolving industry.

Ship-to-ship LNG transfer
Conventional transfer systems, which have 
been adapted to enable LNG ship-to-ship 
transfers in open water through side-by-
side configuration, might not always be 
sufficient and could result in the shutdown 
of the liquefaction plant in the event of 
bad weather conditions, with the transfer 
operation having to battle the effects of 
wind and currents in the open sea. 

With downtime at such a premium in 
the LNG arena, failure is not an option, 
so thought is now being given to more 
flexible solutions and hose-based systems 
are coming to the forefront as viable 
alternatives, with the added benefit of 
potentially being more cost competitive. 

The cryogenic flexible hose is a 

technology which has seen a rapid increase 
in innovation and development to keep 
up with these requirements, and helps 
to address the stringent demands of the 
offshore oil and gas industry. However, 
there is a certain level of dissatisfaction 
with hoses that are currently used in the 
market, and in the absence of mature 
tandem offloading solutions using floating 
hoses, leading manufacturers have initiated 
the development of their own systems.

Technical details
One such system is the cryoline LNG 
hose, which is suitable for use in floating 
submarine configuration. This new floating 
cryogenic hose is made up of several key 
components, including an inner cryogenic 
hose, an outer protective hose, an efficient 
insulation layer and an integrated leak 
monitoring system.

The inner cryogenic hose has been 
derived from the latest developments in 
composite hose technology and is best 
known for its high flexibility and proven 
suitability for LNG ship-to-ship transfer 
in side-by-side configuration. Composite 
LNG hoses usually consist of multiple 
unbonded, polymeric film and woven 
fabric layers, trapped between two stainless 
steel wire helices which give the hose its 
convoluted shape, one being internal and 
one external. The film layers provide a 
fluid-tight barrier to the conveyed product, 
while the woven fabric layers provide the 
mechanical strength of the hose. The 
number and arrangement of multiple 
polymeric film and woven fabric layers is 
specific to the hose size and application. 
The polymeric film and fabric materials 
are compatible with the conveyed product 
and the extreme operating temperatures. 

Composite LNG hoses have already 
proven their suitability for such an 

application as this technology has been 
validated through many full scale static 
and dynamic tests, and many offshore 
ship-to-ship LNG transfers. 

The outer protective hose is based on 
flexible rubber bonded hose technology - 
best known for its high resistance to fatigue 
and high ability to comply with harsh 
environmental conditions. By protecting the 
inner cryogenic hose from external loads or 
aggressions, the hose also prolongs service 
life. The annular space between the inner 
and outer hoses is insulated, enabling a 
reduction in boil-off gas (BOG) creation 
during offloading operations, and as such, 
increasing the efficiency of the offloading 
process. Thanks to the insulation, handling 
operations are also easier as no ice is formed 
on top of the hose, even when full of LNG.

The hose also features an integrated 
leak monitoring system based on optical 
fibre technology, to detect gas leaks in the 
annular space between the inner and outer 
hoses. This innovative system increases 
the safety of the transfer, as it enables the 
operator to make decisions on instigating 
emergency procedures by monitoring data 
on the offloading conditions.

In addition, the hose features an 
innova t i ve  compac t  and  spec i f i c 
connection system, which uses end-
fittings, rather than the traditional 
sections in typical LNG floating hoses. 
This ensures load transfer, protects 
against leaks and minimises heat loss 
within offloading lines. 

Trelleborg has worked closely with 
Saipem in the development of this 
innovative floating hose offloading system, 
by evolving proven technologies and 
building upon existing industry practices 
and procedures. Safety, robustness and 
simplicity of operations and installation 
have driven the design of each component. 

Evolving solutions for 
ship-to-ship LNG transfer 
in tandem configuration

Vincent Lagarrigue, marketing and project manager,
Trelleborg Industrial Solutions, Clermont-Ferrand, France, and Richard Hepworth, president, 
Trelleborg Marine Systems Business Unit, Dubai, UAE
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Qualification of the system has been 
progressing well and is now into its final 
stage, as an 18-inch cryogenic flexible 
hose has already been certified by DNV 
and ABS. In parallel, Trelleborg is 
focused on enhancing the properties 
of the 20-inch cryoline LNG floating 
hose through full-scale testing program. 
This development, which combines 
the expertise of technology providers, 
suppliers and contractors, as well as 
the support of a major operator and 
classification society, will provide the 
LNG industry with a reliable and robust 
solution for LNG tandem loading 
operations.

Developing docking and mooring
Before transfer can take place, there 
are also elements of the docking and 
mooring package that must be considered 
and evolved for FLNG. Off-the-shelf 
packages are not an option in the FLNG 
arena. Bespoke, integrated solutions 
and customised maintenance packages 
should be developed in order to maximise 
operational efficiencies and minimise 
whole life project costs.

Similar to onshore mooring, ship-
to-ship FLNG will have between eight 

to 10 sets of mooring hooks, with a 
safe working load capacity of 100-150 
tonnes, configured as double and triple 
hooks. Physically, a compact footprint 
for the mooring equipment is necessary, 
as deck space is at a premium. Under-
deck reinforcement requirements must 
be simplified as much as possible and 
high salt spray ingress protection is also 
essential for mechanisms such as load cells, 
capstan motors and electrical control boxes. 

A typical side-by-side FLNG integrated 
mooring package will consist of the 
following elements:
•	 Quick release hooks and capstans
•	 Mooring line load monitoring system
•	 Remote hook release
•	 Docking aid system using GPS
•	 Metocean and env i ronmenta l 

monitoring
•	 Ship-to-shore l ink emergency 

s h u t d o w n  ( S S L  E S D ) 
communications system

•	 Pneumatic or foam filled fenders and 
deployment and monitoring system

•	 Central control, monitoring and 
reporting arrangements 

•	 Distributed control system (DCS) 
interface

Although the core modules of each 
mooring package may be similar from 
project to project, it ’s vital that the 
terminal operator has an understanding of 
the individual requirements of a specific 
offshore environment, so that the overall 
system is optimised for that application. 

Additionally, to avoid the cost associated 
with downtime in the LNG arena, all 
elements of the mooring package must be 
available and functioning 100 percent of 
the time.

T h i s  1 0 0  p e r c e n t  a v a i l a b i l i t y 
requirement does not just apply to the 
mechanical elements of the mooring 

package, such as fenders and hooks; an 
FLNG mooring system must be truly 
integrated. All monitoring systems should 
be interfaced to a single point, usually an 
operations control room, to ensure module 
availability and redundancy are optimised.

Harnessing the right hardware
The maintenance of fenders, as well as 
deployment and recovery systems should 
also be reassessed for FLNG applications. 
Obviously, traditional fixed fenders are 
not an option. Pneumatic fenders with 
chain tyre nets have been the traditional 
choice for ship-to-ship mooring, but the 
downside of pneumatic fenders is that 
they do not offer flotation redundancy: 
if punctured, they will fill with water and 
can run the risk of overloading the fender 
deployment system when lifted. 

Foam fenders can provide an attractive 
alternative. They can be manufactured 
without tyre nets, and provide lower 
frictional resistance since the fender 
skin can be manufactured from a low 
polyurethane material, rather than rubber. 
Foam fenders also offer similar reaction and 
energy performance to pneumatic fenders, 
and can be engineered to offer low hull 
pressure. Virtually unsinkable, they provide 
a practicable alternative to pneumatic 
fenders, better suited to FLNG operations. 

Pneumatic or foam, the fenders will 
need to be retrieved when an LNGC 
ber ths a longside the FLNG unit . 
Contrary to a small margin of opinion, 
fenders should not be left in the water 
once the LNGC has departed. Fenders 
left deployed will take the full force of 
the waves and as FLNG terminals move 
further offshore and experience more 
extreme conditions, this will become 
more of a problem. It ’s essential then 
that operators have the deployment and 
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ship-to-ship FlnG will have between eight to 
10 sets of mooring hooks

Tandem lnG transfer
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retrieval systems necessary to bring fenders 
back on deck for storage when they’re 
not in use. Given that deck space is at a 
premium, this scenario necessitates good 
forward planning at the earliest stages of 
LNGC to FLNG unit conversion. 

Offshore berthing considerations
One primary difference between offshore 
and onshore or near shore operations 
arises right at the outset, when the 
LNGC approaches the FLNG unit. In 
extreme offshore conditions, operators 
need to take a different approach to the 
standards commonly deployed in onshore 
FSRU transfers. For example, in the case 
of offshore applications - of particular 
importance as conditions become more 
extreme - fixed lasers are no longer an 
appropriate solution in measuring and 
recording berthing speed and the angle of 
approach. Alternative solutions are required 
to allow the flexibility needed for open sea 
berthing and allow for pitch and roll. 

The use of real time kinetic (RTK) 
GPS will allow the operator more reliable 
management of the LNGC speed of 
approach, angle and distance, whilst 
providing a similar level of accuracy 
to traditional fixed lasers. Additional 
environmental monitoring and the use of 
predictive software in a GPS docking tool 
will further assist the pilot during this 
critical stage and optimise the operational 
window.

In conclusion
F LN G  i s  n o w  t e c h n i c a l l y  a n d  
economica l l y  proven  in  enab l ing 
previously unviable gas fields to be 
exploited, and while the industry looks 
to move further offshore, there are 
lessons to be learned and best practices 
to be taken from onshore and near shore 

applications. However, an understanding 
of the complexities and individual 
requirements of more extreme offshore 
environments is key to successful systems 
development in FLNG docking, mooring 
and transfer, whether side-by-side or 
tandem configuration. As these projects 
evolve, manufacturers and end-users need 
collaborate to develop innovative, best 
practice solutions to be suited to specific 
FLNG requirements. 

The latest development in cryogenic 
LNG floating hoses will become a key 
component in offloading systems for 
future offshore FLNG projects, allowing 
FLNG projects to be considered for 
harsher conditions, without excessive 
downtime due to offloading system 
avai labi l i ty, and with significantly 
reduced risk. And the importance of 
continuous uptime and above all, safety, 
does not begin and end during transfer 
±  before and beyond, the performance 
and maintenance of mooring systems will 
need to be carefully considered, enabling 
potential problems to be identified and 
resolved at the outset. 

As FLNG projects move further 
offshore and both risk and reward 
become higher, a more holistic approach 
to systems development and integration 
will become necessary. Manufacturers 
will need to increasingly offer a more 
comprehensive and evolved portfolio to 
demonstrate expertise in this more extreme 
offshore arena. They will need to couple 
this with tailored, innovative solutions 
that can be adapted and developed on 
a project-by-project basis. The basic 
toolkit may the same, but the elements 
must evolve, and each component ±  and 
its interrelation with other components - 
must be considered on the merits of each 
environment. 

Pneumatic fenders with chain tyre nets have been the traditional choice for ship-to-ship mooring
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VTS,  
Navigation, 

Mooring and 
Berthing

“The coastal section of Fujairah subsoil comprises of calcareous 
sandstone strata overlain by a layer of calcareous beach sand. This 
sandstone can occasionally be very hard and potentially lead to early 
refusal of the driving process. To overcome this issue, an extensive 
driveability assessment was carried out in combination with a 
testing program to evaluate the performance of various types of steel 
sections and MV pile heads.”
‘MV Pile anchors in the Port of Fujairah’, page 80.
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While traditionally in the Middle East 
quay walls are designed as gravity type 
structures, a trend can be observed that 
more and more quay wall projects are 
being realised as steel driven retaining wall 
systems. This has proven to be attractive 
for various technical and commercial 
reasons, especially at relatively large 
retaining heights.

For large retaining heights, the anchored 
combi-wall system has become a common 
solution which is regularly applied in new 
quay projects. These combi-wall systems 
are generally anchored with a tie-back 
anchor system, or ‘dead-man’ placed in the 
soil at a distance behind the face of the 
wall. Although regularly used in Europe, 
and particularly in the Netherlands and 
Germany, where the combi-wall found 
its origin, the Müller Verpress (MV ) 
anchoring system has not been used in 
the Middle East. However, at the moment 
the last MV piles are being driven in the 
Port of Fujairah OT2 project where they 
are part of a new 835-metre long quay wall 
with a retaining height of 23.6 metres.

Project background
In 2010 the Port of Fujairah decided to 
expand its marine Oil Terminal 2 (OT2) 
by realising two new berths capable of 
receiving VLCC size tankers. The facility 
was to be built as a continuous quay wall 
in order to allow flexible berth usage. 
For space constraint reasons and a fast 
track schedule, there was a preference 
to adopt a combi-wall retaining system. 
This imposed a practical challenge on the 
execution because the harbour basin had 
already been dredged to -18 metres and 
is being used for tanker maneuvers to the 
already operational oil terminal. Hence, 
reclaiming a temporary working platform 
was not feasible and all construction 
work needed to be done using floating 
equipment. For this practical reason the 
feasibility was investigated for alternative 
anchor systems that allowed backfilling 
after installation of the quay wall system. 
A traditional tie-back anchor system 
is placed in the backfill of the quay wall 
and can only be mobilised after filling 
has progressed up to the anchor level. 

Consequently the MV pile anchor was 
proposed in combination with a rock 
backfill.

The Müller Verpress pile
MV piles are steel tubular pipe or H 
sections that are driven into the soil. 
Grout is injected through pipes attached 
to the pile while it is being driven into 
the ground, creating a grout body along 
the entire embedded length of the pile. A 
steel container is attached to the base of 
the pile to push aside the soil and provide 
a space for the grout body to develop. The 
grout injection pipes are led along the steel 
section into the container. 

The grout body around the pile adheres 
to the steel section and substantially 
increases shaft friction capacity between 
the pile and the soil. Additionally the grout 
provides a protection against corrosion 
and serves to lubricate the pile during the 
driving process. The MV piles are driven 
into the ground at about a 45 degree angle, 
serving as a tension element which can be 
activated prior to completion of the backfill.

MV Pile anchors  
in the Port of 
Fujairah 

Gert-Jan Roelevink, maritime project manager, 
MUC Engineering, Fujairah, UAE

Port of Fujairah OT2, MV piles installed. Fujairah’s MV piling project under construction and one of the test 
installations on the left.
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MV pile and grout  
container design
One of the main challenges was to assure 
the driveability of the MV piles. Similar to 
large parts of this region, the coastal section 
of Fujairah subsoil comprises of calcareous 
sandstone strata overlain by a layer of 
calcareous beach sand. This sandstone can 
occasionally be very hard and potentially 
lead to early refusal of the driving process. 
To overcome this issue, an extensive 
driveability assessment was carried out in 
combination with a testing program to 
evaluate the performance of various types of 
steel sections and MV pile heads.

The grout injection system comprised of 
a grout container at the pile head, the grout 
hoses and the injection plant. Several grout 
container designs and grout hoses were 
tested. Finally a design with a container on 
both sides of the flange and a bypass system 
along the beam’s web proved to be most 
reliable for creating a grout body covering 
the entire circumference of the pile.

 Testing programme
The testing programme comprised of a 
number of suitability tests on preliminary 
piles and acceptance tests on working 
piles up to an axial tensile load of 10,000 
kN. The results from the suitability tests 
were used to optimise the pile design and 
conclude the feasibility of the anchor 
system. 

The design bonded length of the 
anchor has been defined using friction 
values generally adopted for sandy soils. 
However, during all tests it was observed 
that the MV pile behaves very well in the 
calcareous sandstone and is rigidly fixed 
in the ground. Further analysis of the test 
results showed that the friction at the soil 
grout interface appears to be significantly 
higher than assumed in the design. This 
leaves room for optimisation in the bonded 
length of the MV pile in future projects. 
Several tests were also performed on cement 

mixes to assess their fluidity and strength 
development in marine environment.

Rig requirements
The rig used to drive the piles was 
a  cus tom modi f i ed  l eade r  c r ane 
operating from a self-elevating platform. 
Modifications were made to the leader to 
allow driving in a 45 degree rake, providing 
proper support and alignment of the pile 
and hammer during the driving process 
and to provide sufficient pull down force 
for the hydraulic hammer.

In conclusion
Although the quay wall construction 
project has not yet been fully completed, 

it can be concluded that the MV Pile 
system has been a success in the OT2 quay 
wall project in the Port of Fujairah. The 
installation process was generally fast and 
without problems related to driveability in 
the calcareous sandstone.

The performance of the MV piles has 
also exceeded expectations. Tensile tests 
showed excellent friction properties at the 
grout-soil interface in the bedrock layers. 
Accordingly, for this new quay wall project, 
built at relatively large water depth, the 
MV pile anchoring system has proven to 
be a good alternative to the traditional 
tie back anchoring systems with several 
practical advantages related to speed of 
working and backfilling works.
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MV Pile head design. MV Pile test installation for 1,000-tonne tensile test.
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Environment and 
Sustainability

“Ports need to either utilise their empty buildings and spaces to 
generate income, or sell them off for waterfront developments such as 
new housing, shopping centres, recreational facilities or office spaces.”
‘Sustainability and community involvement in port redevelopment’, page 84.
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Many ports have unused or infrequently 
used buildings within the port area. Ports 
may have concentrated their main business 
activities into more compact and secure 
areas leaving them with resources that are 
costing them money to maintain without 
any current potential to generate income. 
The availability of land or buildings for 
such redevelopment may be the result 
of a decline in traditional industries 
or, conversely, improvements in port 
operations through more efficient cargo 
handling and improved logistics chains, or 

where containerisation means that cargo 
operations are concentrated in larger ports.  
Where goods transit ports rapidly via 
improved road and rail links then there is 
less need for warehousing and an increase 
in empty buildings.  

Ports need to either utilise their 
empty buildings and spaces to generate 
income, or sell them off for waterfront 
developments such as new housing, 
shopping centres, recreational facilities or 
office spaces. Waterfront developments 
around the Grand Harbour in Valetta, 

Malta include the creation of a cruise 
ferry terminal, shopping centre and 
entertainment areas.  In Hamburg, 
Germany they take the form of the 
HafenCity inner-city eco-development 
around the peripheries of the Port of 
Hamburg.  Other major cities where 
redevelopment of waterfronts has taken 
place include Toronto and Montreal in 
Canada, Sydney and Adelaide in Australia, 
New York and Chicago in the US, Cardiff 
and London (docklands and Canary 
Wharf ) in the UK, and Tokyo, Japan.

Sustainability and  
community involvement in 
port redevelopment

Dr Angela Carpenter, visiting researcher, 
University of Leeds, United Kingdom

Many of the world’s major cities, including London (pictured), have revitalised their waterfronts by making use of the available space. 
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European Sea Ports Organisation 
(ESPO) activities
Waterfront redevelopment offers the 
potential for ports to develop sustainably 
and with the involvement of their local 
communities. In Europe for example, 
ESPO published a Green Guide in 2012 
on how to combine effective environmental 
m a n a ge m e n t  a n d  e f f e c t i v e  p o r t 
management to both improve port practice 
and improve community stakeholder 
relations.  In 2013, ESPO announced its 
fifth Award on Societal Integration, that 
award examined how ports have sought 
to develop in a sustainable way with the 
involvement of local communities. The 
2013 winner was the Port of Antwerp 
in Belgium and, in winning the 2013 
Award, the Antwerp Port Authority not 
only sought to protect its port heritage 
through the restoration of buildings and 
renovation of quays, but it also made port 
buildings available for cultural projects.  

Previous winners were the ports of Gijon, 
Spain in 2012, Helsinki, Finland (2011), 
Stockholm, Sweden (2010) and Genoa, 
Italy (2009).  ESPO also, in 2010, produced 
a report on societal integration in ports, 
looking at how ports might redevelop 
empty buildings or unused waterfront 
areas in ways that go beyond the standard 
waterfront development to incorporate 
the idea of societal integration, where 
the local community is involved in port 
redevelopments and a positive relationship 
is formed between the port and its local 
community.

Potential redevelopment 
opportunities for ports
There  a re  a  number  o f  poss ib le  
options when a port seeks to introduce 
sustainability within its core business and 
also to develop or improve links with its 
local community. These opportunities 
are relevant to ports irrespective of size 

or location, as long as they have unused 
buildings or land which have the potential 
for redevelopment.  These opportunities  
may be considered as ‘add-ons’ to normal 
port operations such as freight or ferry 
operations and, while they may not initially 
generate income, they will generate interest 
in the port and have the potential to offer 
new revenue streams in the future.  

The ideas set out below are not the only 
possibilities: much will depend on the 
specific circumstances of the port and its 
surrounding community, and the needs 
of local businesses and local government. 
For the purposes of this article, the 
potential opportunities for development 
are discussed under four main headings: 
housing and accommodation, educational, 
cultural and heritage, and tourism 
opportunities.  

Housing and accommodation 
Where ports have vacant buildings or 
unused land, one of the most common 
forms of redevelopment has been to sell 
this off for urban redevelopment, often 
in the form of expensive waterfront 
apartments.  However, for some ports and 
communities, it may be a better option to 
redevelop existing buildings to provide 
low cost housing, mixed housing types, 
hostels or other types of accommodation.  
The feasibility of such a development 
will depend on a range of factors.  These 
include: the type and state of the existing 
buildings; can they be made habitable or 
will they need to be replaced; how much 
investment is required; if they can be 
brought up to a habitable standard; who 
will undertake that work; is the port 
willing or able to fund the renovation; will 
it need a partner to share the costs; and, 
if the buildings do have to be replaced, 
should the port retain ownership of the 
land or sell it off to a developer.  

For the mixed housing option, a port 
may sell off part of its available land stock 
for the building of expensive waterfront 
apartments, with a requirement that the 
developer also builds low cost housing for 
the local community or port employees on 
a separate port-owned piece of land. This 
option would have the benefit of providing 
affordable housing to keep local people in 
the area rather than them having to move 
away to find somewhere affordable to live. 
It could assist port employees in finding 
affordable housing and reduce transport 
emissions where employees currently need 
to travel some distance between their 
existing accommodation and the port. 
This combined housing option would also 
provide income to the port in two ways: 
through the sale of some of its land to a 
property developer and through rental 
charges for any port-owned housing.

Empty and disused buildings can be used to develop exhibitions of local marine life, such as 
The Deep, a large aquarium built near in Hull in the UK.

Ph
ot

o c
ou

rte
sy

 of
 'T

he
 D

ee
p'

86   Edit ion 61: Februar y 2014 www.por ttechnolog y.org

EnvironmEnT anD SUSTainabiliTy



Converting buildings into hostels or 
accommodation blocks may potentially 
be a lower cost option. This type of 
accommodation could be used to support 
a range of activities including:  local scout 
and guide camps (providing space for 
tented camps or hostel facilities); providing 
accommodation for people attending 
outward bound type courses, for example 
hiking and orienteering around rural ports; 
or for groups undertaking sailing, canoeing 
and diving activities. The same facilities 
could also be used to accommodate 
students undertaking educational courses. 
Under this option, consideration would 
have to be given to provision of catering 
facilities, although catering could be 
provided by restaurant or cafe facilities 
developed for other visitors to the port 
such as tourists.

Educational activities
Potential educational activities that could 
be developed by ports, or by local groups 
working with the port, may include 
examining the history of the region around 
the port, looking at its local ecology, 
local traditions, or even looking at the 
local cuisine of the region.  Educational 
activities may include offering courses to 
groups from local schools or community 
groups.  They may also include forging 
links with universities which offer courses 
in subjects that would be enhanced by 
working with a port.  

With unused buildings comes the 
possibility of providing classroom space 
or even laboratory spaces. Students 
could spend time studying a range of 
courses looking at the local ecology and 
ecosystems, in marine or freshwater 
biology (dependent on location), in 
geography and environment, in local 
culture and history, or in photography and 
art, for example. Ports could also liaise 
with local heritage groups or experts in a 
specific field to come in and teach groups 
of school children. Forging links with 
universities and offering onsite facilities 
also has the potential benefit that students 
could conduct tests to monitor water 
quality or look at the biodiversity around 
the port, identifying how the port might 
minimise any environmental impacts or 
improve its environmental performance. 
Additionally, business and management 
students might undertake case studies into 
redevelopment opportunities available to 
the port.

Cultural and heritage activities
Empty buildings may be more suitable 
for conversion into workshop and training 
spaces, for the development of local 
heritage museum spaces, or for gallery 
spaces and craft shops available to local 

craftspeople. It is also possible to develop 
exhibitions of the local marine life, as in 
the example of The Deep, a large aquarium 
built near the marina in Hull in the UK.

There are a range of possibilities for 
the development of cultural and heritage 
activities depending on the buildings 
available, how much work is needed to 
convert them, and the history of the port 
and its environs. Where there is a strong 
local culture and heritage, some significant 
historical event, or even a specific 
architectural style locally, these can attract 
tourists to the area who will often purchase 
locally produced crafts as souvenirs or gifts.  
This has the further potential to benefit 
the local economy as those tourists will 
eat in local restaurants and may wish to 
stay in local hotels or bed and breakfast 
accommodation.   

Linking in with the development of 
educational activities, there is also the 
possibility for local craftspeople to offer 
training courses, to host exhibitions 
featuring local culture and history, and 
to run special events such as craft fairs, 
historical re-enactment events, boating 
events or offer concert venues for local 
singers, for example.  

Tourism opportunities 
If the port is able to redevelop some 
of its existing buildings to provide 
accommodation, there is the added 
potential that it could also be used for 
self-catering bases for holidaymakers 
during the main holiday periods and as 
student accommodation at other times.  
In this scenario, however, it is important 
to consider what tourist accommodation is 
already provided locally in order to avoid 
directly competing with local hoteliers 
or other businesses providing tourist 
accommodation.  

This opportunity may be particularly 
suitable for smaller ports, c lose to 
tourist areas, where the scope for the 
development of additional tourist facilities 
is limited locally by, for example, a lack 
of suitable land or amenities.  If a port 
did wish to investigate this option, it 
will need to identify the demographic 
groups that already visit and stay in the 
area (where and why they stay there, 
the main attractions in the area etc). 
Once this has been identified, they can 
consider marketing to attract different 
demographic groups and offering new 
reasons to visit the area. This links back 
to developing museum, gallery or craft 
shop spaces, providing craft workshops 
or training spaces. One option may be to 
offer accommodation packages on vessels 
moored in the port which can be used 
for evening cruises and dinners or for 
weddings or other party functions. Using 

historic vessels or converting ships that 
previously operated in the port may be one 
way of providing such a package. There 
is also the potential to offer conference 
facilities and accommodation packages to 
businesses outside tourist season, or team 
building activities through outward bound 
type courses discussed previously. 

Summary  
This article provides some suggestions 
on how ports might offer a diverse range 
of activities, change the use of empty 
or underutilised buildings, integrate 
community activities and strengthen 
community ties, and also potentially 
increase tourism within its area. There 
is, of course, scope for a range of other 
possibilities depending on the size, location 
and business activities of a specific port. 
There is also, quite clearly, a need to 
consider port security and protection 
of key port areas, when developing new 
activities around the port and its environs. 
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Security, 
Surveillance 

and Detection

“Well organised criminal gangs now have access to enough money, 
knowledge and skills to develop considerably more complex ways of 
operating. Faced with such innovative and complex criminal activity, 
port security needs to raise its game.”
‘Making port security work Henk’, page 90.





Once upon a time commercial ports only 
had to deal with three key threats on a 
daily basis - theft, damage to goods and 
stowaways. The contemporary port is 
subject to a far wider range of threats 
including the possibility of terrorist attack, 
and has to respond accordingly while also 
managing and responding to a plethora of 
local, national and international legislative 
requirements. 

This paper outlines the current scenario 
and explains how a solution to the problem 
has been developed through the Security 
UPgrade for  PORTs (SUPPORT) 
research and development project 
which is part-funded by the European 
Commission’s FP7 Security Research 
Programme. 

With 90 percent of the EU’s external 
trade and 40 percent of internal trade 
transported by ship, the contemporary 
sea port is a vital cog in the massive 
machine that is 21st century commerce. 
Unsurprisingly, port infrastructure and 
the 3.5 billion tonnes of freight that 
flows through EU facilities are vital to 
maintaining both global and individual 
countries’ economic wellbeing.

The potential threats to port security 
come on many different levels from a 
range of groups and individuals with very 
different aims and objectives. Theft, fraud, 
corruption, drugs trafficking and people 
trafficking are all major issues for port 
security, especially when their motivation 
can be traced back to organised crime 
or terrorist groups. The combination 
of sophisticated organised crime, the 
heightened risk of terrorist activity and 
the ongoing threat of low level crime 
ensures that ports are under threat 24 
hours per day, 365 days per year. Well 
organised criminal gangs now have access 
to enough money, knowledge and skills to 
develop considerably more complex ways 
of operating. Faced with such innovative 
and complex criminal activity, port 
security needs to raise its game. 

Current security legislation
Current port security legislation was 
developed by the International Maritime 
Organization (IMO) in the aftermath of 
the September 11th terrorist attacks, with 
the International Ship and Port facility 
Security code (ISPS) now regulating 
security on-board ships, as well as inside 
ports and terminals which receive seagoing 
vessels on international voyages. The ISPS 
code specifies a basic security framework 
including monitoring and controlling 
access, monitoring the activities of people 
and cargo, the preparation of specific ship 
and Port Facility Security Plans and the 
appointment of Ship Security Officers and 
a Port Facility Security Officer (PFSO). 

Across the EU, the ISPS code is 
supported by European Commission 
Directive 725. While identical to the 
ISPS code in content and a mandatory 
piece of pan-European legislation, 
Directive 725 only requires member 
states to achieve a particular result 
without dictating the means of achieving 
that outcome. Consequently, the ISPS 
code was implemented by 21 EU 
countries, each in a different way without 
any homogenisation of approach or 
standardisation. Without a pan-European 
federal agency like the US Department of 
Homeland Security, the EU has no power 
to compel member states to work together 
or to follow prescriptive guidelines, and 
individual ports work in isolation with 
commercially-driven secrecy, thwarting 
the sharing of intelligence or best practice.

Although responsibility rests with a 
variety of ministries or other government 
agencies across Europe, the burden of 
compliance and implementation of the 
ISPS code has been passed down to 
the individual terminal operators. This 
introduces a paradox as commercial 
companies whose aim is to make a 
profit are being made responsible for an 
activity that does not necessarily deliver 
any business benefit. Enhanced security 

beyond that required to protect day to 
day business operations are often not high 
on terminal operators’ agendas, especially 
when national authorities do not have 
the power to force them to invest in such 
security measures. Consequently the 
level of security that can be physically 
implemented will always be a balance 
between risk and commercial reality. In 
this context the role of the Port Facility 
Security Officer (PFSO) is key to ensuring 
this fine balance is maintained. 

EU security upgrade project
Providing a framework to assist the 
PFSO is a major element of the EU’s 
security upgrade for ports (SUPPORT) 
project (see www.supportproject.info) 
which is part-funded by the EC's FP7 
Research & Technological Development 

Making port  
security work

Henk van Unnik, Security expert and former chairman of the Security 
Development Board at Rotterdam Port, Utrecht, the Netherlands
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Programme.  It is a collaboration of 20 
European organisations whose focus 
is to raise the current level of port 
security.  The SUPPORT project’s main 
objectives are to deliver validated generic 
por t  secur i ty  management models 
(capturing reusable state-of-the-art and 
best practices) that can be customised 
for specific ports; and training and open 
standards-based tools to aid security 
upgrade in EU ports.

SUPPORT integrates legacy port 
systems with new surveil lance and 
information management systems.  It 
efficiently supports the complexity of 
a real port environment through an 
integrated, holistic approach. This ensures 
an improved level of security, while 
reducing the associated administrative 
burden on the port. Amongst the partners 

are a number of ports that represent 
typical, but different operations. Starting 
from the perspective of the partner port 
operations, the project has identified key 
security gaps and has produced generic 
models describing measures to maintain 
or augment the efficient and secure 
operation of these ports. Communication 
and decision support tools incorporating 
semant ic  technolog ies  have  been 
developed, accessible to all the port 
security stakeholders.

Providing security solutions
Full scale demonstrators have been 
organised in representative EU ports 
(Gothenburg, Lisbon and Piraeus) and 
augmented with a broader evaluation 
programme by members of a European 
ports security forum. SUPPORT solutions 

inc lude policy and standardisation 
proposals and training that can be used 
by any EU port to efficiently enhance its 
security level.

One of SUPPORT’s key outputs is 
the Port Security Management System 
(PSMS). The PSMS is designed to 
help PFSOs to upgrade their security 
systems by empowering them with 
knowledge. It provides information, skills 
and methodologies that enable them 
to maintain, evaluate and upgrade their 
security measures and create security 
awareness without major investment. The 
PSMS also delivers outputs in the form 
of graphics that can be used to reinforce 
security threats and potential mitigation 
measures in presentations to managers or 
boards of directors. 

The whole PSMS package comprises 

Edit ion 61: Februar y 2014   91 

security, surveillance anD Detection



five elements including a maturity module 
designed to enable security professionals 
to review and upgrade security plans 
to address terrorist threats; a corporate 
security module which addresses crime 
risks such as loss events, related to 
corporate processes and procedures; an 
e-learning education and examination 
module based on best practices of ISPS 
related maritime security education 
including drills and exercises; a sharing 
and decision support module which 
enables security professionals to supervise 
facilities via the internet and to collaborate 
on a local, national or global scale and an 
Authorised Economic Operator (AEO) 
security self-assessment module which 
provides a system to reach compliancy and 
submit AEO application.

The pressure of balancing commercial 
realities and security threats will certainly 
persist as long as current legislation 
remains, placing the burden of investment 
and compliance on terminal operators. 
However, with access to SUPPORT’s Port 
Security Management System (PSMS), 
PFSOs now have the tools to assess the 
situation, advise their management team 
and make the right decision, whatever the 
security threat might be. 
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Millions of tonnes of cargo and billions 
of Euros in goods value represent the 
activity of a small city with miles of 
perimeter fencing, uneven infrastructure, 
blind spots and ever-changing weather 
conditions. Port security is no small task 
yet increasingly, security operators are 
asked to assume more responsibilities with 
static, if not shrinking, budgets. As drivers 
of a global economy, the demands placed 
on port security continue to grow and with 
it, the challenges and complexity increase 
exponentially.

Unlike traditional retail, commercial, 
and many industrial applications, ports 
present unique security issues that must 
be anticipated and addressed. Typically, 
high security installations rely on a 
variety of solutions, including ±  and often 
heavily relying upon ±  video security and 
surveillance. The combination of legacy 
analogue and more modern IP-based video 
cameras, recording and video management 
systems, Physical Security Information 
Management (PSIM), analytics and more 
provide a digital extension of security 
personnel. 

Port security however is anything but 
typical. From miles of unguarded, unlit 
perimeters to ever-changing lighting 
and weather conditions, traditional video 
security has a difficult time providing the 
comprehensive intelligence demanded by 
such a high-security facility.

The thermal advantage
Once restricted to the military due to 
prohibitive cost, thermal imaging is an 
increasingly relied upon technology 
for an ever-growing array of security 
±  as well as process and operations 
management applications. As price points 
have dropped, integration of thermal 
technology into today’s video security and 
surveillance camera systems has become 
more prevalent, providing a wealth of 
information and functionality previously 
unavailable. 

As David Dorn, applied technology 
engineer manager at Pelco by Schneider 
Electric notes; “Due to significant 
improvements in fabrication technologies, 
we are seeing dramatic price reductions in 
those thermal imaging core components 
(image sensors and lenses) necessary to 
build thermal cameras. In the last eighteen 
months for example, we have seen a double 
cost factor reduction in the image sensors 
themselves. This means that thermal 
technology is no longer confined to high-
end military and government applications.”

Because many applications that rely 
on video security are challenged by a 
number of external, uncontrollable factors, 
including ambient light and weather, 
thermal imaging has cemented its position 
as a must-have technology to detect and 
observe the persons and vehicles on and 
near a facility ±  information necessary to 
make immediate, informed decisions.

How it works
Whereas a visible-light camera uses 

light reflected off objects to build an 
image, thermal imaging cameras capture 
an object’s emitted heat to provide a high 
contrast image ±  eliminating the need for 
any light source.

Using special materials like germanium 
that transmit thermal energy, lenses focus 
a thermal image onto a thermal image 
sensor. Microbolometers, the sensors used 
to create a thermal image, feature either 
vanadium oxide or amorphous silicon 
coatings on a silicon wafer. “Similar to 
CCD or CMOS imagers in visible-
light cameras,” Dorn explains, “the 
microbolometer has an array of pixels 
with each pixel receiving heat energy 
proportional to the heat energy present 
in the scene at that point. Because today’s 
advanced thermal cameras can detect even 
minute differences in temperature, visual 
information that was never before available 
is now at a security operator’s fingertips.”

The thermal contrast among objects in 

low light and no light conditions provides 
the information necessary to quickly 
make informed decisions ±  information 
that standard visible light cameras cannot 
deliver. And thanks to this technology, 
thermal imaging is also a powerful tool for 
applications beyond security ±  providing 
the capability for example, to spot leaks, 
ruptures, or hot spots across bridges, dams, 
refineries, and power plants.

For many security applications, the 
ability to detect if a person or vehicle has 
entered the scene is critical. Thermal excels 
in this regard since the temperature of a 
person or vehicle is typically quite different 
than the background temperature of the 
scene. This makes people and vehicles easy 
to detect in thermal images, even from very 
long ranges. The ability to accurately and 
reliably detect people and vehicles is also 
very useful for video analytics.

Even in complete darkness or in areas 
obscured by fog, foliage or other obscurants, 
thermal cameras alert security personnel to 
potential threats that may not be captured 
by a standard visible light camera. And 
this is nowhere more important than port 
applications, where security personnel are 
faced with a variety of challenges, from 
distant, poorly lit perimeters to unguarded 
waterfront access. Thermal imaging is 

Thermal imaging 
technology for port security 

Jeremy Hickman, business development manager, 
thermal imaging, Pelco by Schneider Electric, Melbourne, Florida, USA

Thermal imaging cameras are not affected 
by bright lights and glare that hinder video 
quality of visible light cameras.
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quickly becoming a common, tried and 
trusted technology, independent of or 
complementary to visible light cameras, to 
ensure 24-hour protection.

Lower installation and  
operating costs
Interestingly, although thermal cameras 
still typically cost more per unit than a 
traditional visible camera, deployment 
of a thermal imaging solution in a port 
environment can be much more cost 
effective than traditional video. For one, 
thermal cameras have longer detection 
ranges, necessitating the use of fewer units 
overall. Additionally, because thermal 
cameras do not need lighting, their use can 
eliminate the need for installation of light 
poles and their associated infrastructure. 
Finally, with operating costs continually 
under pressure, thermal cameras are 
attractive because they can eliminate the 
ongoing electrical costs of powering lights 
for security every night of the year.

Video analytics
A major advantage of thermal imaging 
is in its ability to deliver high-contrast 
images in the most challenging lighting 
conditions. Since thermal imaging uses 
heat from objects to form its image, no 
illumination source is needed. This means 
that thermal imaging works equally well in 
all lighting conditions - day or night under 
normal light, low light, or even no light 
conditions.

Importantly, thermal cameras provide 
an optimal platform for the use of video 
analytics. Since visible-light cameras 
are dependent upon reflected light, 
image quality and accuracy can degrade 

throughout a 24-hour period due to 
shadows, inconsistent lighting, glare and 
other lighting effects over which neither 
security operators nor technology have 
control. But since thermal cameras capture 
an object ’s thermal emission, it ignores 
common light conditions (whether too 
little or too much), which challenge 
traditional video analytics. The high-
contrast image enables the predictable use 
of analytics with extremely low false-alarm 
rates at all hours of the day. 

Thermal cameras, especially those with 
built-in, integrated analytics, enhance the 
flexibility and performance of any security 
system. The ability of thermal imaging to 
immediately detect threats - typically before 
even the human observer - coupled with the 
automatic notification of suspicious activity, 
makes customers more prepared than ever 
to keep their property secure. 

A  popu l a r  example  o f  such  a 
deployment is  vir tual  fencing and 
automated perimeter security, taking 
advantage of ‘ tr ip wire ’ and other 
behavioural analytics. A thermal camera 
looking down a fence line with a virtual 
trip wire, people-detection analytic 
employed, will give a very accurate alarm if 
someone crosses the fence line over a long 
distance, day or night, under any lighting 
conditions. This ‘thermal fence’ solution 
is much more accurate and cost effective 
than existing visible camera solutions, 
traditional deployments of microwave 
detectors, and even existing motion/
perimeter proximity sensors. 

“The ability to deploy thermal with 
analytics in such a cost-effective fashion 
opens up many new applications for this 
technology,” explains Dorn. “It’s exciting 

to bring technology that was once limited 
to high-end military applications to 
mainstream video security.”
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ideal for port applications, thermal imaging cameras produce high-quality video in challenging lighting conditions.
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