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Introduction
 

It’s an exciting time for the ports industry globally, and 
who’d have ever thought that such a wealth of new business 
opportunities, changes in cargo flows, construction – you name 
it – would come from something as prosaic and uninspiring as a 
canal being widened. 

But then, of course, the Panama Canal is no ordinary canal. In 
their article on page 10 of this edition, port economists Dr. Jean-
Paul Rodrigue and Dr. Theo Notteboom question the extent to 
which the Canal’s expansion will change the business model of 
cargo flows in the Americas, and the results are intriguing.

Another huge growth area at present is the Middle East. In 
June this year, Saudi Arabia announced it will invest US$613 
million upgrading the country’s port infrastructure, including the 
expansion of its Dammam, Yanbu and Jubail ports, as a means 
of diversifying its economy away from dependence on gas and oil 
industries. 

Elsewhere on the Arabian Peninsula it seems that Abu Dhabi 
has similar plans, as Joost Achterkamp, Terminal Area Project 
Manager for the Abu Dhabi Ports Company tells us in our 
back-page interview (page 120). For a port equipment fan like 
me, it was great to hear about the development of Khalifa Port – 
which includes the Middle East’s first semi-automated container 
terminal – currently being constructed to handle traffic from Abu 
Dhabi’s Mina Zayed port, and the new cargo generated by the 
Kizad Industrial Zone. It sounds as if it’s been a project where 
no expense has been spared, so it’ll be exciting to see it go into 
operation late next year.

We update our website www.porttechnology.org daily with all the 
latest port industry news and technology updates, so please do log 
on. Just in case you haven’t already had a look, our website also 
features our full free-to-access Journal Archive, and our brilliant 
Equipment & Services Directory where you can source and 
compare equipment, and even add your own company if you’re in 
the business. 

You can receive news updates from the port industry in real-time 
by following us on Twitter – our handle is @PortTechnology. 
Alternatively, you can sign up for our twice-weekly e-newsletter 
on our website. You can also find us on Facebook, and join our 
group on LinkedIn.

Finally, may I say a big thank-you to all our authors, partner 
companies and organizations. As ever, you’ve been a great 
source of assistance and inspiration – we couldn’t have done it 
without you. 

Holly Birkett
Managing Editor Email: edit@porttechnology.org

Twitter: @PortTechEditor

Visit our new-look website at www.porttechnology.org

Network with other PTI readers on our LinkedIn group:  
http://linkd.in/porttech
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The International Association of Lighthouse Authorities (IALA), 

established in 1957, 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. IALA encourages its members to work together in a 

common effort to harmonise aids to navigation worldwide and to ensure 

that the movement of vessels is safe, expeditious and cost effective. 

www.iala-aism.org

 

The International Association of Airport and Seaport Police (IAASP) is 

a worldwide, non-governmental and non-profit association dedicated 

to mutual co-operation 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. It was recognised in the late 1960s that there was an urgent 

need for police and other law enforcement agencies to develop a faster 

means of exchanging information and intelligence internationally. In 

1969 the IAASP, the oldest and largest international police association of 

its kind, was formed, bringing together representatives of police, other 

enforcement agencies and the transportation industry in the movement 

of passengers and cargo at airports and seaports around the world. For 

the first time, a professional approach to policing airports and seaports 

was possible worldwide. 

www.iaasp.net

  

As the only intergovernmental organization with a unique Customs 

focus, the World Customs Organization (WCO), with its headquarters 

in Brussels, was established in 1952. It currently has 169 members 

across the globe, at all stages of economic development, who 

collectively process approximately 98% of world trade. The WCO 

is particularly noted for its work in areas covering the security and 

facilitation of the trade supply chain; the development of global 

Customs standards, the simplification and harmonization of Customs 

procedures, trade facilitation, risk management, integrity promotion, 

valuation, origin, the Harmonized System goods nomenclature, and 

sustainable Customs capacity building initiatives. Being the global 

centre of Customs expertise, the WCO provides an ideal forum 

for Customs administrations and their stakeholders 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. 

Consultative status at the IMO was formally granted in November 

1973, and since that time IMPA delegates have played a very active role 

in the work of the organisation. 

www.impahq.org

 

ICHCA International represents cargo-handling interests in the international 

field and is the only one to do so. It was founded in 1952 and for many 

years was run as an Association. The acronym stands for International 

Cargo Handling Coordination Association but in 2002 it became 

incorporated and took the name ICHCA International Ltd. Its role is to 

speak for cargo-handling interests at an international level and to consult, 

inform and advise its members accordingly. It has a worldwide membership 

and is a recognised Non-Governmental Organisation (NGO) with ILO, 

IMO, ISO and UNCTAD. It also liaises closely with other international 

bodies such as IAPH. It works through a number of panels and groupings 

and publishes a bi-monthly electronic newsletter, an annual publication 

“Cargo World” and many authoritative advice and guidance documents. 

www.ichca.com

 

AIM is the global trade association for automatic identification and 

mobility technologies. AIM members are providers and users systems 

that capture, manage and integrate accurate data into larger information 

systems. 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. 

 

The objectives of the International Harbour Masters Association 

(IHMA) are to promote safe and efficient marine operations in port 

waters and to represent the professional standing, interests and views  

of harbour masters internationally, regionally and nationally. 

www.harbourmaster.org   
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The Coasts, Oceans, Ports and Rivers Institute (COPRI) was founded 

in 2000, as one of the American Society of Civil Engineers’ (ASCE) 

seven technical institutes. 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 co-operation among our more than 3,000 

members, both domestic and abroad, and the industry as a whole by 

advancing our members’ careers, stimulating technological advancement 

and improving professional practice. With 16 technical committees, 

COPRI provides members with the opportunity to change the face of the 

industry, from actively developing policy change to developing standards 

and technically sound programs such as conferences and workshops. 

COPRI’s committees are comprised of all members of the profession 

including: engineers, academicians, planners, elected and appointed 

officials and more. 

www.coprinstitute.org

 

Members of CEDA are drawn from Europe, Africa and the Middle 

East. The Western Dredging Association (WEDA), serving the Americas, 

and the Eastern Dredging Association (EADA), serving the Asian and 

Pacific region, are autonomous sister associations which share the aims 

of CEDA. The three sister associations from the World Organisation of 

Dredging Associations (WODA). CEDA who are the Central Dredging 

Association 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. They also co-operate 

with other international organisations to safeguard the interests of the 

dredging profession. 

www.dredging.org

  

The International Association of Dredging Companies (IADC), 

headquartered in The Hague, is a trade organisation 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 

companies have been involved with every major international dredging 

project of the last century. Their objectives are to advance fair trade 

practices and standard contracts to establish sound environmental 

practices, and to publish and encourage the publication of information 

about technological advances in the dredging industry. 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 Harbours (IAPH) is a worldwide 

association of port authorities whose principle objective is to develop and 

foster good relations and co-operation by promoting greater efficiency of 

all ports and harbours through the exchange of information about new 

techniques and technology, relating to port development, organisation, 

administration and management. Promoting co-operation among ship 

owners, shipping lines and other parties, the IAPH have been granted 

consultative status as a Non-Governmental Organisation from the 

following United Nations Agencies: International Maritime Organisation 

(IMO), United Nations Conference on Trade and Development (UNCTAD), 

Economic and Social Council (ECOSOC), United Nations Environmental 

Programme (UNEP) and the World Customs Organisation (WCO). 

www.iaphworldports.org

  

The Ports and Terminals Group (PTG), based in London, 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 organisations 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 operates a global port and terminal network of 50 

facilities with 22,000 employees in 34 countries. With world headquarters 

in The Hague, The Netherlands, APM Terminals is an independent 

business unit within the Danish-based A.P. Moller-Maersk Group.

DP World is one of the largest marine terminal operators in the world, 

with 49 terminals across 31 countries. Its dedicated, experienced and 

professional team of nearly 30,000 people serves customers in some of the 

most dynamic economies in the world. 

 The Coasts, Oceans, Ports  
and Rivers Institute (COPRI)

The International Association  
of Dredging Companies (IADC)

The International Association  
of Ports and Harbours (IAPH)

CEDA

 The Ports and Terminals  
Group (PTG)
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available 24/7 for 
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When your crane needs service or repair,
we’ll get you up and running fast.
Cargotec understands the importance of fast response service and parts support better than most. So when you
experience a problem with your equipment, we can quickly respond – usually the same day! With more than 600
service locations worldwide we are committed to ensuring our customers benefit from continuous usability of
their equipment. In addition to regular service and repair work, Cargotec also have a dedicated Projects team with
unique knowledge of structural or design-related modifications, repairs, transportation and revamping projects for all
brands of terminal cranes.

Talk to us about our range of service solutions and genuine parts supply, all geared to meet the demanding needs of
ports and terminal operators.
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“Shipping lines are continuously re-assessing the design 
of their shipping and distribution networks in search 
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Panama’s centennial: a new beginning
In 2014 the Panama Canal will celebrate its centennial, an event 
that will not just simply be factual, but will also correspond to a 
new phase in its operations, if everything goes according to plan. 

The estimated US$5.25 billion expansion project will add a 
new set of locks and ancillary projects (dredging and widening) 
able to handle containerships in the 12,000-15,000 TEU range, 
depending on ship design and load configuration. This has triggered 
a wide range of speculations, from a ‘game-changing’ event 
fundamentally impacting global freight distribution, to another 
range of assessments where the expansion would have limited or 
no perceptible impacts. This divergence in opinion underlines 
that global freight distribution, the strategy of maritime shipping 
companies and terminal operators and supply chain management 
have become so complex and interrelated that it is unclear for many 
actors how the expansion will pan itself out. While what is known 
is fairly straightforward, such as the operational characteristics of 
the expanded canal, it is by far supplemented by what remains 
uncertain, namely trade flows, shipping network configurations and 
the growth of the amount of transshipment in the region. 

The problem in assessing the potential impacts of such a 
capacity expansion project is that in reality the consequences are 
multidimensional and prone with feedback effects, some of which 
may even be unintended consequences. There are thus many 
unknowns in this equation, namely how the multiple actors will 
react and to what extent the variety of converging and diverging 
strategies will lead to shipping service reconfigurations. For 
instance, how the strategic Pacific Asia – North American trade 
segment is going to be serviced? How much cargo is divertible 
from the West Coast to the East Coast through the all-water 
route? To what extent North and South American importers and 
exporters are going to be impacted by the availability, the cost and 
the reliability of transport services in a post-expansion era?

It can be inferred that the expansion of the Panama Canal 
is going to be a game-changer, but the new rules of the game 
are not clear. This article summarizes a study funded by The Van 
Horne Institute of the University of Calgary. It is an attempt to 
shed some light on key elements that will have an impact on 
the outcomes of the expansion on global shipping networks and 
trade flows. It focuses on macroeconomic factors, particularly 
the expected shifts in the structure of production; operational 
factors that the expansion may provide for the maritime shipping 
industry, namely economies of scale and slow steaming; and 
competitive factors related to how other transport chains may 
anticipate and react to the changes brought by the expansion, 
particularly the cost structure.

The canal expansion and global economic 
changes
The expansion project takes place in an economic environment 
prone to uncertainties since the financial crisis of 2008–2010 
future trade growth prospects are being reassessed. One major 
uncertainty revolves around demand saturation for the American 

economy, which has been an important driver for the traffic 
transiting the canal over the last century. For instance, it has 
become clear ex-post that the American housing bubble of 
2001–2007 was associated with a staggering level of debt-based 
consumption; once the bubble collapsed, so did its associated 
artificial level of consumption. The US today is facing a major 
government debt crisis that will affect future public spending and 
might trigger a downward pressure on US consumption levels. 
Economic opportunities in North America, particularly on the 
short- and medium- terms, appear to be more limited and would 
thus imply lower growth levels they were previously anticipated 
in port development plans, which prior to 2008 tended to be 
very optimistic. This is compounded by long-term demographic 
trends such as aging, where a growing share of the population 
will be involved in wealth consumption (retirement) as opposed 
to wealth creation. This would involve changes in the level and 
composition of the cargo carried by maritime shipping.

Globalization is therefore not a static process, particularly since 
comparative advantages are constantly shifting. While East Asia 
has been a driver for global economic growth for decades (for 
example, Japan, South Korea, Taiwan and Hong Kong), it is the 
Chinese economy that has the most deeply impacted the global 
structure of production and trade. For several manufacturing 
sectors, the exploitation of comparative advantages within 
the North American Free Trade Agreement (NAFTA) were 
essentially by-passed by the ‘China effect’. This was accompanied 
with a surge in transpacific trade and cargo handled by West Coast 

The Panama Canal expansion: business 
as usual or game-changer?
Dr. Jean-Paul Rodrigue, Hofstra University, New York, USA, & Dr. Theo Notteboom, President of ITMMA, University of Antwerp, 
Antwerp, Belgium

Figure 1. Main export-oriented regions and shipping routes servicing North 
America.
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ports. The Panama Canal obviously benefited from such a growth 
pattern, particularly for the all-water route between East Asia and 
the American East Coast that gained in popularity in the first 
half of the 2000s after uncertainties related to labor issues along 
West Coast ports and the capacity of the American land bridge 
to handle expected cargo volumes. For a variety of reasons, the 
comparative advantages of China are being eroded, particularly 
for labor intensive activities, which imply a redistribution of 
elements of the manufacturing base to other locations, namely 
Southeast Asia and South Asia (Figure 1). Although the interior 
provinces of China could represent development opportunities, 
accessibility and reliability issues in freight distribution make this 
alternative prone to risks.

Expectations about future growth in aggregate demand have 
shifted to locations that are therefore dissimilar to the patterns 
that have prevailed in the last two decades. The export-oriented 
paradigm that characterized China cannot endure indefinitely. 
Since the expected changes in aggregate demand involve lower 
growth levels in markets that previously were the dominant 
drivers (for example, United States and Western Europe) and 
higher growth levels in markets that were previously more 
marginal (for example, South America, South Asia and Africa), this 
will have a notable impact on the global structure of trade flows. 

The extent to which the limited growth prospects of the 
conventional market of the Panama Canal will be compensated 
by emerging Latin American markets is unclear, but remains 
positive. Economic and trade growth on both South American 
coasts result in a proportional growth in Panama Canal usage as 
there are limited alternative shipping options. An exception is the 
growth of the Cape Route option for the trade flows between 
Asia and South American countries such as Brazil and Argentina 
(we refer in this context to the Suez Canal article by the same 
authors in this edition). 

New operational factors in global maritime 
shipping
An important rationale behind the expansion of the Panama Canal 
relates to the improvement of economies of scale in maritime 
shipping. A growing share of the world containerized fleet is unable 
to use the current Panama Canal, imposing new configurations 
in maritime services. By 2014, post-Panamax vessels are expected 
to account for 48% of the global container fleet capacity. Still, 
maritime shipping companies also expanded substantially ship 
designs fitting the Panamax specifications. This underlines the 
importance of the standard, not only because of its capability to 
use the Panama Canal, but also since many ports around the world 
have a draft and crane equipment designed with such specifications. 
Switching away from standards is always a costly and risky endeavor. 
The canal expansion has the benefit of putting the capacity on 
par with the level of economies of scale applied in long distance 
maritime shipping while remaining the de facto ship size standard.

Maritime shipping is also highly sensitive to bunker fuel costs 
as they represent between 45% and 50% of operating costs with 
limited opportunities to mitigate outside slow steaming. For 
decades, the cruising speed of containerships has been relatively 
constant, enabling to maintain a level of schedule integrity 
along pendulum routes. Rising bunker fuel prices and excess 
shipping capacity caused by the financial crisis of 2008–2010 
induced several maritime shipping companies to lower the 
operational speed of their ships. While the standard sailing speed 
of a containership is in the range of 20 to 25 knots, ‘normal’ slow 
steaming involves speeds between 18 and 20 knots, with super 
slow steaming reaching speeds as low as 14 knots. For transpacific 
shipping services, slow steaming can add between three to seven 
days in transit times and requires the addition of two or three ships 
to the pendulum service to maintain the frequency of port calls. 

For instance, a standard Far East – West Coast loop that requires 
six to eight ships to maintain with normal cruising speeds, requires 
nine to ten ships with a slow steaming service. Being at the far 
end of transpacific pendulum services, the Panama Canal may 
find itself impaired by slow steaming, but this can effectively be 
mitigated with improved reliability of port calls and the pull that 
additional transshipment cargo may draw on shipping routes.

Expected competitive changes in North 
American freight distribution
Like all mega-projects, stakeholders that will be impacted are 
expected to undertake mitigating strategies on their own. Maritime 
shipping companies can change their capacity deployment 
and ports can invest in expansion projects in search of a new 
equilibrium. The stakeholders of the North American landbridge 
(mostly rail companies) have not remained idle with corridor 
development and inland terminal initiatives; they are gearing up 
the competition. Several elements of the transport cost structure 
are likely to change with the Panama Canal expansion, which will 
be an important determinant in the comparative advantages of 
respective routing options, including the American landbridge, 
the usage of the Suez Canal, or the all-water route through the 
Panama Canal. The usage of the all-water route can be perceived 
as a balancing act between lower transport costs at the expense of 
more time spent in transit than for the intermodal option.

The tolls related to the expansion of the Panama Canal will 
also play a significant role in the cost structure. Already, the PCA 
(Panama Canal Authority) has substantially increased tolls; from 
US$40 per TEU capacity of the ship in 2006 to US$72 in 2009, 
an 80% hike. In 2011, tolls where slightly increased to US$74 per 
TEU capacity. This means that toll increases have already captured 
about 40% of the potential cost savings of the expansion, which 
mitigates a substantial share of the expected gains. An overview 
of the existing cost structure to ship containers between East Asia 
(Shanghai) and North American ports is revealing (Figure 2). 
The pattern for inbound traffic is straightforward and related to 
shipping distance; the lowest among the sample being Vancouver 
and the highest being Montreal at the opposite end of the all-
water route. The container shipping rates for outbound traffic 
differ with shipping distance playing a much less evident role. 
They are more reflective of trade patterns, particularly of export 
opportunities in the port’s hinterland. Where inbound flows 
are significant and where return cargo is proportionally scarcer 
outbound rates are much lower as shipping companies try 
to attract backhaul cargo by discounting. The greatest paradox 
concerns New York and Vancouver, both at the opposite end of 
the all-water route from Asia. While, as expected, the inbound 
rate per TEU is 60% higher for New York than Vancouver, the 
outbound rate is 15% cheaper for New York. The availability of 
empty containers along the East Coast, as exemplified by New 
York, could expand export opportunities with the Panama 
Canal expansion. The shift of the line of cost equivalence (where 
it costs the same to either use the West or East Coast to reach 
Asia) deeper inland is a distinct possibility and would come with 
additional cargo handled by the East Coast port and the Panama 
Canal, but this is far from being given. It is subject to several 
uncertainties linked with the price of energy, the Panama Canal 
tolls as well as the capacity of inland rail corridors. Yet, this shift 
inland remains a reasonable assumption.

East and Gulf coast ports see the expansion of the Panama 
Canal as an opportunity to increase cargo volumes and gather a 
greater share of the transpacific trade, which was the dominant 
growth factor in containerized transportation. West Coast ports 
tend to perceive the expansion of the Panama Canal as a threat 
to their hinterland market share, particularly for the Midwest. It is 
uncertain to what extent the cargo handled by the West Coast is 
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divertible to other maritime ranges, with some putting this figure 
in the vicinity of 25% of the intermodal cargo. Still, Pacific Asia 
remains the fundamental market of the West Coast and the cost 
structure has to change significantly to have an impact.

The expanded canal as a value proposition
The expansion of the Panama Canal is opening a new phase for 
transshipment in the region. It is important to underline that 
at the global level only 17% of the global commercial relations 
involve direct connections between ports, so transshipment is 
a fundamental aspect of maritime shipping networks. In recent 
years, an active transshipment market has emerged in Panama 
and the Caribbean, particularly within what has been dubbed 
as the ‘transshipment triangle’. The growth in the Caribbean 
transshipment activities is linked to issues such as economic 
growth in Latin America, being at the crossroads of transatlantic 

and north-south trade flows and the need of shippers to reconcile 
these numerous inbound and outbound trade flows within their 
shipping networks. Transshipment activities are thus a mix of hub-
and-spoke network configurations as well as interlining between 
long distance shipping routes. The advantages gained in terms 
of network inter-connectivity and better usage of ship assets 
outweigh the additional handling costs that transshipment entails. 

The expansion of the Panama Canal comes at a unique time 
in world trade developments, which are prone to uncertainties 
since the main trade drivers, such as American import-based 
consumption, are being questioned while new trade relations 
are not firmly established. Still, South America represents a 
remarkable potential for additional volumes and transshipment 
activities. Therefore, the expanded Panama Canal will not face a 
‘business as usual’ situation, but the new rules of the global trade 
game are not clear.
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Figure 2. Shipping rate in USD for a 40-foot container with Shanghai, selected port pairs, mid 2010.

Source: Drewry Container 
Benchmarks. 
Note: The rate 
benchmarks are for 
full container loads 
and include the base 
ocean rate, the terminal 
handling charge both at 
origin and at destination, 
the fuel surcharge and 
all other surcharges; 
they do not include 
inland transport costs. 
Source for equivalence 
lines: WorleyParsons and 
Princeton Consultants, Inc.
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The Suez Canal revisited
The Suez Canal plays a pivotal role in today’s global container 
shipping network, in particularly in accommodating vessels sailing 
on the important Asia-Europe trade lane. Together with the 
Panama Canal, the Suez Canal serves as one of the oceanic canals 
contributing to the large concentration of shipping and port 
activities along the world’s maritime ‘beltway’ or equatorial route. 
Along this beltway we find the majority of large transhipment 
hubs acting as turntables in extensive regionally-based hub-and-
spoke networks. 

Yet, in recent years the almost monopolistic position of the 
Suez route is being scrutinized by rising security concerns caused 
by piracy acts and armed robbery on vessels transiting the region, 
by high Suez Canal charges and by an ever-changing geography 
in world trade patterns. Moreover, a number of alternative all-
water and land-based routes are vying for part of the cargo flows 
now passing through the Suez Canal. 

Shippers and shipping lines are continuously re-assessing the 
design of their shipping and distribution networks in search 
of high cost efficiency, manageable risks and increased routing 
flexibility. This could affect the dominant position of the Suez 
route in the longer term.

The importance of the Suez Canal route
The Suez Canal was opened in 1869 as a man-made waterway 
connecting the Mediterranean Sea and the Red Sea. The canal 
is owned and maintained by the Suez Canal Authority (SCA), 
which is under the government of Egypt. However, the passage is 
guaranteed by the Constantinople Convention of the Suez Canal 
of March 1888. 

Over the years the dimensions of the Canal increased in 
depth, width and length (see Table 1). Improvements are made 
to increase draft to 22m (72 feet), allowing passage of fully laden 
supertankers. The largest container vessels can navigate the 
Canal without difficulties. It is a single-lane waterway with four 
passing places in Ballah and in the Great Bitter Lake. Passage takes 
between 11 and 16 hours. Ship convoys are formed on either side 
of the canal to cope with the limited width of the canal. Shipping 
lines reserve their place in a convoy and as such want to ensure 
that the vessel will make it in time to the Canal’s entrance. 

The Suez Canal route’s dominant function is accommodating 
East-West container trade between Asia and Europe. In 2008, 
8,156 container vessels transited the Suez Canal, an increase of 
74% compared to 2001. More than a third of all vessels using the 
Canal are container vessels. About 723 million tons of cargo passed 
via the Canal in 2008 or almost double the tonnage of 2001. 

Nearly half of the cargo volume is containerized. The share of 
containerized cargo is still rising on the South to North direction 
(westbound from Asia to Europe) while it remained rather stable 
at 50% on the eastbound leg to Asia. Total container volumes 
reached an estimated 31 million TEU in 2008 compared to 20 
million in 2004. Nearly 93% of these container flows are related 
to the Europe-Asia trade routes. North America (East Coast) – 
Asia trade represents about 5.3% (figures: Boston Consulting and 
Suez Canal Authority). 

Suez Canal transit fees
The transit rates are established by the Suez Canal Authority 
(SCA). They are computed to keep the Canal transit fees attractive 
to shippers. In fiscal year 2008, Egypt earned US$5 billion in 
canal fees (US$4.6 billion in the previous year) making it Egypt’s 
third largest revenue generator after tourism and remittances from 
expatriate workers. 

Container ships account for just under half of the Canal’s traffic 
and a slightly higher percentage of its net tonnage and revenues. 
Table 2 provides an estimate of the transit fees for various 
container vessel sizes based on rates of April 2008 (i.e. the last rate 
increase). The average canal transit fee per TEU (at 90% vessel 
utilization) amounts to US$102 for a vessel of 1000 TEU down 
to US$56 for the largest container vessels. 

In early 2009, SCA announced an indefinite freeze on transit 
fees as a result of the global downturn and the Somalian piracy 
crisis. Suez Canal fee revenues fell to US$1.1 billion in the first 
quarter of fiscal year 2009/2010 compared to US$1.5 billion in 
the same period of the previous fiscal year (minus 24%). 

In early 2009, a number of shipowners started to boycott the 
Suez Canal because of the high transit fees. Maersk Line and 
the Grand Alliance were examples of shipping lines temporarily 
opting for the Cape route around South Africa instead of the 
Suez Canal route, mainly on the eastbound leg of the roundtrip. 

Challenges to and challengers of the 
Suez Canal
Dr. Theo Notteboom, President of ITMMA, University of Antwerp, Antwerp, Belgium & Dr. Jean-Paul Rodrigue, Hofstra University, 
New York, USA

 Unit 1869 1956 1962 1980 1994 1996 2001 2008

Width at 11m depth m 44 60 90 160 210 210 210 210

Maximum draft of vessels feet 22 35 38 53 56 58 62 68

Overall length km 164 175 175 190.25 190.25 190.25 190.25 190.25

Doubled parts km – 29 29 78 78 78 78 78

Water depth m 10 14 15.5 19.5 20.5 21 22.5 23.5

Max. tonnage of vessel (DWT) ton 5,000 30,000 80,000 150,000 180,000 185,000 210,000 210,000

Source: Own elaboration based on data from Suez Canal Authority

TABLE 1: EVOLUTION OF THE NAUTICAL CHARACTERISTICS OF THE SUEZ CANAL
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Maersk Line had 15 services routed through the Suez Canal, but 
in early 2009 six services (half the total volume) were rerouted via 
the Cape. The Cape route has longer transit times (i.e. caused by 
an additional sailing time of five to seven days) and thus requires 
more vessels per loop. 

However, going via the Cape allowed shipping lines to avoid 
high toll fees. In a reaction to the economic climate, SCA made 
discounts more readily available to container shipping lines. This 
practice is highly unusual since SCA normally does not grant 
rebates to container ships on any trade lane. Since 1987, the Suez 
Canal Authority has maintained a flexible pricing strategy defined 
to include rebates for various other ship types and trade routes for 
which the Canal believes it faces a competitive alternative route 
(particularly oil tankers). The SCA has been granting rebates to 
owners/operators whenever they are able to prove that the voyage 
cost via the Suez Canal is more expensive than proceeding via the 
Cape/alternative route. There is a rebate committee, which meets 
every day and discusses all rebate applications submitted. 

Challenges to the Suez route
While the Suez Canal will undoubtedly remain a very important 
oceanic canal, the Canal is confronted with a number of challenges 
which determine the Canal’s appeal to shipping lines and shippers.

Piracy
First of all, the recent wave of piracy acts has generated great 
concern among shipping lines and cargo owners. The number of 
reported attacks near Somalia and in the Gulf of Aden increased 
from only 10 in 2006 to 111 in 2008 (figures of the International 
Maritime Board). 

Somalia pirates operate up to 800 nautical miles from the 
coast using mother vessels. The security threat linked to piracy 
increased the insurance fees for vessels transiting the region (i.e. 
war risk insurance, additional P&I fees and higher premium 
on cargo insurance) and increased operating costs in terms of 
additional manning costs, costs related to a licensed security guard 
and deterrent equipment. These additional costs typically amount 
to US$100,000-US$115,000 per transit. 

Capacity issues
Second, the Suez Canal has a finite capacity. For the foreseeable 
future there are no serious capacity constraints or draft limitations 
for container vessels. However, the single-lane character of the Canal 
continues to constrain the number of transiting vessels per day due to 
peaks in ship arrivals. As soon as the Canal is nearing its full capacity, 
SCA might have to consider a capacity management strategy based 
on a variable pricing system (yield management), i.e. high transit fees 
on peak moments and lower fees when demand is less.

The impact of the bunker price
Third, liner service dynamics have an impact on the Suez Canal. 
Bunker price evolutions remain an important factor to the success 
of the Suez Canal. Low bunker prices make shipping lines less 
concerned about nautical distances (see the rerouting via the Cape 
in early 2009 when bunker prices were low). High bunker prices 
give an incentive to shipping lines to slow steam and cut sailing 
distance. In times of surplus vessel capacity, shipping lines are 
more eager to opt for longer roundtrip times as it helps to absorb 
surplus capacity in the market (i.e. more vessels needed per loop). 

The Cape route as an alternative
Fourth, the macroeconomic geography has contr ibuted 
significantly to the success of the Suez Canal. The Europe-Far 
East container trade, the Canal’s key trade lane, surged in the last 
decades. The Suez route is expected to remain the logical and 
dominant choice for connecting Asia with Europe. However, the 
Cape route could serve as an alternative to the Suez option on 
trades between Asia and South America, Asia and West Africa and 
South America and East Africa. 

The flows related to the first two trade lanes now typically 
pass through the Suez Canal and are interlined in hubs such as 

Figure 1. The main routing alternatives between East Asia and Northern Europe.

 TEU-capacity Typical SCNT* Canal transit Net tonnage Fee on-deck Per TEU Per TEU Per TEU 
   fees (US$) fee (US$) containers (US$) (full vessel) 90% utiliz. 60% utiliz.

 1,000 8,727 91,999 87618 4,381 92.0 102.2 153.3

 1,500 14,210 130,762 123,360 7,402 87.2 96.9 145.3

 2,000 19,693 168,141 157,141 11,000 84.1 93.4 140.1

 3,000 30,659 221,403 205,002 16,400 73.8 82.0 123.0

 4,000 41,625 271,939 251,796 20,144 68.0 75.5 113.3

 6,000 63,557 373,589 339,627 33,963 62.3 69.2 103.8

 8,000 85,489 455,770 414,336 41,434 57.0 63.3 95.0

 10,000 107,421 536782 483,588 53,195 53.7 59.6 89.5

 13,000 140,319 654,455 584,335 70,120 50.3 55.9 83.9

* Suez Canal Net Tonnage = 10.966 x TEU-capacity – 2238.7 (R-square = 0.9861)

Source: Own elaboration based on transit fee tables from the Suez Canal Authority

TABLE 2. ESTIMATED TRANSIT FEES FOR A SINGLE TRANSIT VIA THE SUEZ CANAL (FEES FOR APRIL 2008)
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Algeciras, Tanger Med or even in more northern ports such as 
Rotterdam (Maersk) and Antwerp (MSC). Interlining via the Cape 
offers a potential alternative to the Suez route. While distances and 
transit times via the Cape on these routes are typically lower than 
the Suez route, the Cape route today still faces higher costs mainly 
caused by poorer vessel economics (vessels on the Europe-Far East 
route are on average much larger) and the lack of large scale and 
efficient interlining ports in Sub-Saharan Africa. 

However, by 2020 interlining via a hub near the Cape is 
expected to become more competitive compared to the Suez 
route due to a combination of higher Suez Canal transit fees, better 
vessel economics on the routes to Africa; and subject to a more 
competitive terminal efficiency and pricing strategy of southern 
African transhipment facilities in view of attracting interlining 
flows. This does not imply the Cape route would overtake the 
Suez route as the dominant shipping link between East and West. 
The expected emergence of the Cape route should be seen as the 
embodiment of a promising development of south-south trade 
volumes between Asia, Sub-Saharan Africa and South America.   

New routing alternatives
Fifth, next to the Cape route, a number of other routing alternatives 
are being planned or are in operation to accommodate part of the 
trade volumes between Europe and Asia (Figure 1), but their market 
shares are expected to remain low compared to the Suez route. 

First there is the Northern Sea Route, a set of all-water shipping 
lanes between the Atlantic Ocean and the Pacific Ocean along 
the Russian coast of Siberia and the Far East. Future ice cap 
reductions would open new possibilities for commercial shipping 
on this route. In cost terms the route today is still less favorable 
due to the need for ice-classed ships and ice breaker assistance, 
non-regular ity of the liner services, slower sailing speeds, 
navigation difficulties and Russian transit fees. 

Secondly, North South land corridors could develop as land 
bridges from the Persian Gulf via Iran to Russia. 

Third, the East-West rail corridors, a set of railway lines 
connecting East Asia and the western part of Russia with the 

Eastern part of Russia, are becoming more commercially 
interesting. One of the main arteries is the Trans-Siberian Railway 
which connects St. Petersburg with the port of Vladivostok. Other 
primary rail connections are the Trans-Manchurian Railway, the 
Trans-Mongolian Railway and the Baikal Amur Mainline (BAM 
– opened in 1991). The ‘Trans-Siberian in Seven Days’ program 
sets a target speed of 1,500 km a day by 2015. Rail land bridges 
in principle offer lead time advantages to shippers, but capacities 
remain low compared to container liner services. They offer a 
niche potential for time-sensitive cargo.

Competition with the Panama Canal 
Sixth, the Suez Canal is also competing for cargo between Asia 
and North America (East Coast). Cargo between Asia and the US 
East Coast can follow three routing alternatives: the land bridge 
route (via US West Coast ports and then inland via the double-
stack rail network), the all-water route via the Panama Canal 
and the all water route via the Suez Canal. The dominance of 
the land bridge route is being challenged by a resurgence of all 
water services between Pacific Asia and the East Coast. The share 
of the land bridge route for cargo from Asia destined for New 
York is expected to decrease from 75% to 60%. It is expected 
that the Panama Canal route will continue to account for the vast 
majority of all-water routes between Asia and the US East Coast, 
certainly when considering the Panama Canal expansion. 

Still, the Suez route plays a modest but increasing role 
particularly through pendulum service configurations offering 
plenty of cargo bundling potential by connecting Asian, European 
and North American cargo centers. The relation between the 
Suez Canal and the (upgraded) Panama Canal is not only of a 
competitive nature: these oceanic canals show a high degree of 
complementarity in view of a renewed development of round-
the-world equatorial liner services (Figure 2). Shipping lines have 
abandoned RTW-services in the mid-1990s due to the vessel 
size restrictions of the Panama Canal, but the Panama Canal 
expansion is expected to revive their interest in such a liner 
service network solution.
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Figure 2. Circum-Equatorial maritime route.
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Over the past few months major advancements in the Charleston 
Harbor deepening project, known as Post 45, have occurred, 
resulting in increased interest and excitement around not only the 
Lowcountry, but throughout the United States and the world as 
well. With Charleston Harbor being the fourth busiest East Coast 
port for container traffic with 1.3 million TEU a year, number 
eight of all U.S. ports for cargo value at US$50 billion per year 
and generating more than 260,000 jobs in South Carolina, it is 
easy to understand why so many people have taken an interest in 
the future of the harbor. 

Reconnaissance 
The Post 45 project began with a Congressional add to the 
President’s fiscal year (FY) 2010 budget allowing the Charleston 
District to complete a reconnaissance study on Charleston 
Harbor to determine if there was a federal interest in conducting 
a feasibility study. The reconnaissance phase was completed 
in July 2010 and concluded that there is federal interest in 
performing a feasibility study on the Post 45 project.

The reconnaissance report demonstrated that a large 
percentage of the vessels currently using Charleston Harbor 
are tide-restricted. Charleston Harbor’s 24-hour draft limit is 
currently 43 feet, with a high-tide draft limit of 48 feet. As of 
now, 16% of the world’s ocean-going ships would be restricted 

either by tide or cargo carriage if coming to Charleston Harbor, 
with that percentage constantly increasing due to the changing 
composition of the global vessel fleet.

On May 17th, the FY-11 work plan for the U.S. Army Corps 
of Engineers was approved by the Office of Management and 
Budget and included US$150,000 of federal funding for the Post 
45 project. With this funding, the Charleston District began the 
multi-year feasibility study to determine if deepening Charleston 
Harbor is both economically beneficial and environmentally 
acceptable to the nation. 

On June 20th, the Charleston District signed the Feasibility 
Cost-Sharing Agreement (FCSA) with the project’s sponsor, the 
South Carolina State Ports Authority (SCSPA). The feasibility 
study will be cost-shared 50-50 with the SCSPA, but will be 
conducted by the Charleston District. During this process, 
the Charleston District will identify the National Economic 
Development (NED) plan that maximizes the net benefits to the 
nation, in an environmentally acceptable manner, as a result of 
deepening the federal channel, which is currently authorized to 
be dredged to 45 feet. 

The NED plan will look at the benefits of reduced total 
transportation costs for each potential incremental project 
depth and reduced tide delay costs for increases in new vessels’ 
maximum practicable loading capacity.

Navigating the Post 45 feasibility study 
at the Port of Charleston
A deepening feasibility study will be crucial in readying the Port 
for the expansion of the Panama Canal 
Sean McBride, U.S. Army Corps of Engineers – Charleston District public affairs specialist, Charleston, SC, USA

Charleston Harbor regularly handles 8,400-TEU vessels, with drafts of up to 48 feet.
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Scope of study 
While there has been much speculation on the future depth 
of the harbor, the Charleston District, until completion of the 
feasibility study, does not yet know what the Corps of Engineers 
will recommend to Congress as the NED plan for Charleston 
Harbor. The District’s engineers, planners, surveyors and project 
manager will work, along with many environmental resource 
agencies, to analyze all possible alternatives to determine what 
depth, if deepened, the Corps will recommend to Congress for 
authorization.

In the feasibility study, the Charleston District will look at many 
factors to determine the best possible alternative. The District 
will follow the same six-step process that every feasibility study 
completed by the Corps nationwide must undergo in civil works 
projects. All studies will be thoroughly coordinated with the 
environmental resource agencies and the public to ensure that all 
environmental concerns associated with the project are addressed. 
Some of these analyses include geotechnical and sediment 
chemistry, ship simulations and bathymetric surveys.

Geotechnical borings will include laboratory analyses on grain 
size and soil and rock strength parameters that may be different 
than those at the current 45-foot depth. The purpose of the 
investigation is to provide data to use for slope stability analyses 
for the channels and stability, settlement and seepage analyses for 
the dredge material disposal dikes. Investigations will also provide 
the basis for dredge material quantities such as soil, sand and rock 
from where the material will be excavated and to determine the 
alternatives for disposal method and area.

Concurrently with these tests, the District will perform a 
sediment quality evaluation to determine the suitability of 
the material for disposal both at an Environmental Protection 
Agency (EPA)-designated ocean dredged material disposal site 
and/or at confined upland disposal facilities. This evaluation 
consists of physical, chemical, biological and toxicity tests to 
determine any contaminants of concern. Results of this testing 
are coordinated with the EPA, as well as various other federal 
and state resource agencies. 

Design of the new navigation channels
The study proceeds on the basis of alternative design fleets, 
represented by a design vessel. Selecting the design vessel is a 
joint responsibility of planning and engineering disciplines. The 
design vessel is used for designing the project geometries of the 
channels, turning basins and anchorages. This defines the depths, 
widths and alignments of these navigation components. Several 
channel geometry and alignment alternatives will be evaluated in 
the study process. 

The evaluation of these alternatives is conducted using 
hydrodynamic numerical models. Beginning with an existing 
condition model, which has been calibrated with data collected 
within the harbor, the District will determine future conditions 
based on the rise in sea level and then compare the various 
alternatives that are being evaluated. The numerical modeling 
analyses will provide valuable data pertaining to currents, salinity, 
dissolved oxygen, sedimentation and shoaling. This enables the 
District to evaluate any impacts on the environment, determine 
future costs of operation and maintenance and provide valuable 
information for safe use of the navigation project. 

Results of the modeling analyses will be used in ship 
simulations to assess the maneuverability of the design vessel 
and ship safety for each alternative. The District’s hydrology and 
hydraulics personnel will oversee the ship simulations that will be 
conducted by the Corps’ Engineering Research and Development 
Center, in conjunction with the Charleston Harbor Pilots 
Association. Simulation results and recommendations will be used 
for determining the final design geometry and alignment plan. 

On-site sonar investigations
The Charleston District’s survey crew will be heading out to the 
shipping channel to run preliminary surveys to provide initial 
baseline data for the study. The District uses a state-of-the-art 
multi-beam sonar system and side-scan sonar system to monitor 
the federal shipping channel. 

“The multi-beam’s system uses 512 beams to transmit an 
acoustic pulse across a 128-degree swath from port to starboard, 
and records the depths in half-degree intervals. The system 
continuously surveys not only the area underneath our vessel, but 
30–100 feet (depending on depth) on each side of the vessel as 
well,” said Matt Foss, Charleston District chief of surveys. “The 
multi-beam system improves reporting accuracy and provides 
100% coverage for the entire Charleston Harbor federal channel. 
This improves the reports we will make for dredging operations 
by accurately identifying shoal areas when planning for a potential 
deepening.”

The information gathered by the survey crew will be translated 
by the District’s navigation and geographic information systems 
(GIS) departments. The GIS team will serve as the central 
database administrators for all spatial information collected in the 
feasibility study. The survey data, in conjunction with the results 
of the geotechnical borings and sediment quality evaluation, 
will determine what material will be encountered, and at what 
quantities, when dredging the harbor floor. 

In addition to these studies, a variety of other important 
environmental, engineering and economic analyses will take place. 
The goal of these studies is to project the 50-year ecological and 
socio-economic impacts of the project on the Charleston Harbor 
system.

Side-scan and multibeam sonar systems are being used to survey the 
navigation channels at the Harbor.
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The need for urgency
A feasibility study for a project of this magnitude would 
typically take five to eight years and cost approximately US$19 
million, but every effort will be made to work as quickly and 
efficiently as possible. With the completion of the expansion of 
the Panama Canal planned for 2014, the District realizes the 
urgency of this study.

A first round of meetings with Corps leadership has shown 
promise in the ability to streamline some processes. However, many 
factors can affect this goal, such as funding and requirements other 
state and federal resource agencies may have, but it is a top priority 
for the District and every effort will be made to expedite the process.

Beginning the study
The first step in the study is to begin the National Environmental 
Policy Act (NEPA) process by planning and executing public and 
stakeholder meetings to receive input on the deepening study. 

The Charleston District will use this information in developing 
the suite of alternatives that will be evaluated during the 
study, to determine whether deepening the harbor should be 
recommended and the potential future depth.

If, at the end of the feasibility phase, the study recommends a 
deepening, widening or redesigning of Charleston Harbor, the 
District would move to the preconstruction engineering and 
design phase, an approximate two year undertaking. If Congress 
authorizes construction of the Post 45 project and provides funds 
to do so, the District will enter the construction phase, which is 
estimated to take approximately four years to complete.

“We are excited to have received the money needed to initiate 
the feasibility phase for the Post 45 project,” said Lt. Col. Edward 
Chamberlayne, Commander and District Engineer. “We are going 
to work as quickly and efficiently as possible while navigating 
through the process required to decide if deepening Charleston 
Harbor is economically feasible and environmentally acceptable 
to the nation.”

The U.S. Army Corps of Engineers has maintained 

Charleston Harbor for more than 130 years and 

has dredged it every year during that time to 

ensure the channel is at the required federal 

project depth, spending approximately US$10-15 

million and removing 2-3 million cubic yards of 

maintenance material from the harbor floor each 

year. Construction to deepen the harbor to the now 

federally authorized 45-foot depth began in 1999 

and was completed in 2004.

The Charleston District also provides a variety 

of services through regulatory permits, civil 

works, military construction and international 

and interagency support. Beyond these duties, 

the Charleston District stands ready to respond to 

natural disasters and deploys several employees each 

year in support of Overseas Contingency Operations 

in Afghanistan.

Web:  www.sac.usace.army.mil/  
http://bit.ly/Post45 
www.port-of-charleston.com

Twitter: @CharlestonCorps

ABOUT THE ORGANIZATION AND THE PORT ENQUIRIES 

The District’s navigation and GIS departments will use data from sonar surveys, geotechnical borings and sediment quality evaluation to determine what material will 
be encountered, and at what quantities, when dredging the harbor floor.
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Oil spill tracking and dispersant monitoring have been a concern 
for many years, but they come to the forefront of attention 
when there is a major occurrence such as the Gulf of Mexico 
Deepwater Horizon Spill.  Fluorometry has been used for years 
as a tool to aid in oil spill tracking and during the incident several 
government agencies, universities, and consulting groups relied 
upon fluorometers to provide tracking information. 

Oil is a fluorescent compound.  Fluorescent compounds have 
an excitation spectrum (wavelength of light absorbed) and an 
emission spectrum (wavelength of light emitted). Together, these 
spectra are referred to as a compound’s fluorescent signature.  
No two compounds have the same fluorescent signature.  It is 
this principle which makes fluorescence a very useful tool for 
determining the presence and estimating the abundance of a 
specific fluorophore of interest.  Oils are typically excited using 
ultraviolet wavelengths (300-400 nm) and fluoresce in the visible 
wavelength range (400-600 nm). 

SMART protocol
A common protocol for tracking the effectiveness of oil 
dispersants is SMART – Special Monitoring of Applied Response 

Technologies.  SMART was jointly developed by the U.S. Coast 
Guard, the National Oceanic and Atmospheric Administration, 
U.S. Environmental Protection Agency, Center for Disease 
Control and Prevention, and the Minerals Management Service 
to monitor response technologies during oil spills. Protocol 
development began in 1997 and after much field-testing the 
protocol became available for review and comment in 1998.  
SMART is a living document and is revised as experience is 
gained and new technology acquired [1].

There are several levels of response defined in the SMART 
protocol. Tier I involves visual tracking. Tier II is intended 
to confirm the visual observations by adding real-time 
data using a fluorometer sampling one meter below the 
dispersant-treated oil slick as well as water-sample collection 
for later analysis. If monitoring indicates that the dispersant 
application is effective, Tier III may be employed to collect 
information on the transport and dilution trends. Tier III 
either uses one fluorometer being lowered to approximately 
ten meters sampling at several depths or two fluorometers 
towed from a ship at different water depths (one and five 
meters are commonly used) transecting the oil slick. Often, 
these fluorometers are supported by a portable laboratory 
enabling other measurements of water such as temperature, 
pH, conductivity, dissolved oxygen, & turbidity in an effort to 
further explain the behavior of the dispersed oil [2].

At its inception, the SMART protocol utilized the Turner 
Designs 10AU configured as a flow-through fluorometer as the 
primary instrument for Tier II and Tier III.  Since its revision 
in 2006, the protocol allows discretion in selecting the type of 
fluorometer used.  Though the 10AU served the program well 
for many years, the development of in situ fluorometers offered 
promise for enhancing the fluorometry-based aspects of the 
SMART program.  

A slick solution for tracking oil spills
Turner Designs, Sunnyvale, CA, USA

U.S. Coast Guard Petty Officer 2nd Class Dave Martin, a specialist in hazardous 
material and oil spill response, lowers a fluorometer into the Gulf of Mexico, 
May 27, 2010. The device collects water samples and field data, which help 
environmental scientists determine the effectiveness of dispersants used to 
break down oil. C-3 Submersible Fluorometer deployed in C-ray Towed Deployment Body.
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For this reason, the United States Coast Guard and the 
Minerals Management Service of the United States Department 
of the Inter ior began a review of the SMART protocol. 
In September 2007 they held a workshop to review the 
SMART process as a whole and operators’ input regarding the 
challenges and limitations of the 10AU. Multiple fluorometers 
from several manufacturers were reviewed, though no specific 
recommendation was made [3].

Clean Islands Council from Honolulu, Hawaii worked with 
one of the instruments included in this evaluation, the Turner 
Designs C3 Submersible Fluorometer.  They configured the optics 
specifically for the excitation and emission spectra of crude oil, 
built a tow-body to maintain constant depth, and integrated the 
fluorescence and GPS data for real-time display [4].  In early 2010, 
this package was going through extensive testing.  By the time of 
the Deepwater Horizon spill in May 2010, the integrated package 
was adopted by the United States Coast Guard and ready for use.  
Multiple C3 SMART Fluorometers were effectively deployed in 
the Gulf of Mexico.

Fluorometry is an excellent tool for determining the absence or 
presence of oil and has been used for many years when tracking 
oil spills. The introduction of in situ fluorometry with seamless 
real-time integration of fluorescence, depth, temperature, and 
position data enhances the capability for mapping the path of the 
oil spill and monitoring the results of remediation efforts.

[1]  US Coast Guard, et al, SMART v.8/2006.

[2]  US Coast Guard, et al, SMART v.8/2006.

[3]  SL Ross Environmental Research, Updating the SMART 
Dispersant Monitoring Protocol: Review of Commercial-Off-The-
Shelf Instruments, August 2008.

[4]  Brian Parscal, Clean Islands Council, Clean Pacific 2009, 
http://www.cleanpacific.org/program.php?track=531.

Turner Designs provides innovative fluorescence-based solutions for basic 

research, water quality analysis, pollution control analysis and industrial 

applications. Having a unique focus on fluorescence instrumentation for over 

35 years and customers throughout the world, Turner Designs is known for 

rugged, reliable and stable submersible, field, handheld, laboratory and online 

fluorometers and turbidimeters varying in functionality, size and price. Turner 

Designs provides presales support to identify instrument requirements and post 

sales support to assist with implementation.

Tel: +1 (408) 749 0994

Toll free: +1 877 316 8049

Email: sales@turnerdesigns.com

Web: www.turnerdesigns.com
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March 1999 saw a ship called Wan Hai Venus call at India’s first 
privately funded container terminal at Nhava Sheva International 
Container Terminal, within Jawaharlal Nehru (JN) Port at Mumbai. 
This was indeed a momentous event, signifying the commencement 
of the private sector port business in India. During the 12 years 
since, no less than 50 privately funded ports have been conceived 
in India, and some 20 are either actually operating or are at an 
advanced stage of construction. With these figures in mind, it would 
certainly seem that the introduction of Public Private Partnerships 
(PPPs) for ports has succeeded well beyond anyone’s expectations.

In particular, the state of Gujarat has led the way with fully 
operational PPP ports at Mundra, Pipavav, Dahej and Hazira, all 
of which deal with diverse cargoes ranging from containers, POL, 
LNG, coal and cars. Where the Government has been unable to 
provide basic connecting infrastructure, the private developers 
have extended the PPP model to the railway lines and have 
therefore driven through development. Gujarat, recently referred 
to as “India’s Guangdong” by The Economist magazine, has shown 
that ports attract industrial investments, which in turn feeds the 
ports with cargo.

PPP ports in India 
Greenfield PPP ports have also been constructed in the states of 
Andhra Pradesh, Karnataka, Tamil Nadu, Maharashtra and Orissa. 
In addition, almost all of the 13 Government-run ‘major’ ports 
have leased out assets to the private sector in return for a share of 
the revenue, following a business planning exercise in 2006–2007.

The private sector in turn has responded with enthusiasm. 
With ongoing port projects at Vizag, Hazira, Dahej and Goa, the 
Adani Group currently leads the market with the largest private 
port in India, situated at Mundra which has continued to expand 
its facilities. As a result, traffic has increased at an average rate of 

35% since 2006. International operators such as PSA, DP World, 
AP Moller and TCB are also very active in the market. Indian 
companies owning port assets include Tata, Jindal, Larsen & 
Toubro, Essar and Gammon.

The port assets that have been developed through private finance 
are of a generally high standard with efficient operating parameters, 
and are an improvement on the Central Government-run ‘major’ 
ports. The difference between public and private management was 
starkly demonstrated when former owner P&O (now DP World) 
took over a container terminal at Chennai Port. Despite having to 
use the decrepit container cranes that they had inherited, the new 
owners were able to reduce the vessel waiting time from a very 
high 21 days to zero within a month of taking over the terminal.

New opportunities
The opportunity in India is obvious. An economy with a 
population of 1.2 billion people growing at close to 10% per 
annum is placing an increasing demand for goods and services 
and leading to growth in exports and imports. India’s port 
throughput has been rising at an average rate of 14% per annum 
in the past five years, with Gujarat accounting for a third of this 
growth. Container trade has also been growing at a rate of 15% 
per year, with containerization also on the up.

This doesn’t mean that more cannot be done in order to further 
develop the ports industry in India. Although the private sector has 
risen to the challenge of owning and operating port assets, there 
is still much work to be done by central and state Governments 
in order to provide a realistic overall policy framework for the 
development of ports in India. Since taking the major step of 
opening up to PPPs, further progress has been limited. Gujarat has 
certainly encouraged private investment, but it also needs to do 
more to help reduce the opportunity costs for developers.

India at a glance: emerging 
opportunities in a growing market
Suren Vakil, Managing Director, BMT Consultants India

Private sector investment in Indian port development has been hampered by bureaucracy although this has not deterred investors.
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The difficulties stem from having an unnecessarily complicated 
institutional framework, which needs to be simplified. India has 
13 ‘major’ ports which were created through central planning 
in the 1950s and are operated by the central Government. This 
still leaves some 200 ‘minor’ ports in the jurisdiction of the states 
within India’s semi-federal structure. 

Investment in ports generally takes two forms: firstly, leasing of 
assets such as berths to private developers by the ‘major ports’, which 
retain conservancy rights. Secondly, concessions for development of 
entire ports, ‘minor’ ports or completely new greenfield port locations 
are approved by the states, where the developers are also granted 
port conservancy rights. This is further complicated by the power 
of the states to grant rights to industry to develop ‘captive’ marine 
infrastructure facilities for individual industries for their own cargo.

Potential problems
The Tariff Authority for Major Ports (TAMP) oversees the ‘major’ 
ports and sets the ceiling on tariffs on the basis of “normative cost 
plus return on capital employed”. However, PPP projects leased by 
the states are able to set market specific tariffs. This can often skew 
the business in favor of ‘minor’ ports, some of which now have 
a higher throughput than most of the ‘major’ ports, resulting in 
the latter missing out on much needed development, whilst huge 
investments are made in new greenfield ports. 

There is too much uncertainty, which the private sector has 
to deal with. When bidding competitively for port project leases 
that require capital investments upwards of US$1 billion, often 
the private sector are not given even the basic site information. 
They are then left to grapple with an unnecessarily complicated 
and costly environmental approval process, which can delay 
the investment considerably, without actually protecting the 
environment. The irony is that the developers are being granted 
port concessions by one arm of the Government, only to be 
stopped in their tracks by another – the Environment Ministry. 

Another major concern is the land acquisition process for 
projects. Despite delays on many projects, no clear guidelines have 
been developed by the central Government. Although a policy is 

being developed now, early signs are that it could make it harder 
for infrastructure developers, who will have to pay landowners 
unrealistically high compensation. At present, some of the more 
progressive states assist with land acquisition at different levels; 
however, populist short-term opportunism by politicians still 
dominates this issue. Many projects have been stalled due to land 
acquisition issues and some have been stopped completely.

Despite these difficulties, the private sector has not been 
deterred and continues to express interest and bid for projects. 
Projects have ranged from the sublime to the ridiculous, with 
developers sometimes proposing completely unsuitable sites 
lacking any of the marine features necessary for a suitable port.

The huge interest in owning port concessions has led to a scrum 
with many large companies jostling each other and projects have 
often been held up in the courts, with bidders contesting the 
legality of the bid process. Unrealistic royalties have been bid on 
PPP projects only to find that the project cannot then move ahead.

Indian Ports Global
A recent move by the Government of India was to form Indian 
Ports Global to develop projects outside India. It’s arguable that 
this is best left to the private sector and the Government needs to 
focus on resolving the issues facing Indian Ports.

Challenges for the future
The challenge for the Indian Government is to push through the 
radical measures to simplify the institutional and legal framework 
and make it more market-friendly. For example, ownership of the 
major ports could be transferred to the states, followed by complete 
privatization. Since each Indian state is about the size of a European 
country, this would allow the appropriate degree of strategic 
planning without making the exercise too unwieldy. It would 
also allow healthy completion between states. Each state needs a 
strategic maritime plan where the number of ports that need to 
be developed is set through robust economic projection, and site 
selection allows for the development of a planned number of ports. 
A far more robust site selection process with appropriate studies is 
needed before inviting bids for private sector participation. 

Furthermore, attention needs to be paid to back-up 
infrastructure such as railway lines, availability of railway wagons 
and connecting roads. The law governing land acquisition needs 
to be sensible and practical so that the country’s development is 
not held to ransom by special interest groups. A balance needs 
to be struck between the needs of the local stakeholders and 
the country’s need for infrastructure. Finally, the environmental 
clearance process needs to be reasonable, quick and transparent.

We have arrived at the 20th anniversary of the liberalization 
of India’s economy and much has been achieved in the ports 
sector. The Government, through opening up the sector to private 
investment and providing a legal framework, has enabled this. The 
private sector has risen to the challenge of developing PPP ports; 
however, it is now time for a second set of reforms to address the 
above issues so that the growth seen in India’s ports is not just 
maintained, but accelerated and the processes made more efficient.
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India’s port throughput has been rising at an average rate of 14% per annum 
in the past five years.
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Introduction
Although producing far less emissions per tonne transported than 
aviation and road freight, the shipping industry still creates around 
a billion tonnes of carbon emissions per year, a similar output to 
that of Germany, and more than the UK. 

With this in mind, a wide ranging Engineering and Physical 
Sciences Research Council and industry-funded project, entitled 
Low Carbon Shipping – A Systems Approach, is aiming to find ways 
of reducing the industry’s carbon footprint.

Thanks to the increase in world trade, movement is set to 
increase and with it a rise in the industry’s carbon emissions.  
In 2007, international shipping accounted for 870 million 
tonnes of carbon or 2.7% of global emissions, whereas 
international aviation accounted for 1.9% (IMO report, 2009). 
It is clear that measures need to be put into place to ensure  
that shipping pollution does not continue on an upward trajectory. 

Ownership of the world’s key ports is limited to a small 
number of companies and over 50% of global container 
throughput is controlled by around seven major companies. 
Therefore, port companies could act as effective and influential 
drivers of change in reducing greenhouse gas emissions in the 
industry’s hugely complex supply chains.

The research
Our research concentrates on UK-centric freight flows, that 
is, freight that originates in, or is destined for, the UK. As a 
starting point, we have been mapping shipping activity within 
and around the UK (in its ports and trading routes) and 
endeavouring to calculate the share of emissions this shipping 
activity represents in the context of global international 
maritime emissions. 

It is easy to ascertain the total volume of UK maritime freight 
at UK ports, and relate this to a global share, but it is more 
difficult to ascertain the UK’s share of global maritime traffic (and 
carbon emissions). Moreover, this may not be particularly accurate 
as it doesn’t take into consideration the different types of vessels 
involved and their associated carbon emissions. Our ongoing 
analysis of UK shipping activity, using various publicly available 
data, aims to address this issue.

The findings do reveal that carbon emissions from ports 
and port-related activity are small compared with emissions 
from ships and the haulage companies that serve ports. Our 
project looks at the interface between new ship technologies 
and the ports, maps out the environmental actions taking place 
in 72 UK port locations and compares them with initiatives 

The global importance of reducing 
carbon emissions from port operations
Professor David Gibbs, Department of Geography at the University of Hull; & Dr. Patrick Rigot-Muller and Professor Chandra 
Lalwani, Hull University Business School, Hull, UK
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at overseas ports in order to understand which are likely to be 
most appropriate for adoption in the UK.

According to the study’s preliminary results, in 2008 the added 
emissions from five major UK ports groups represented only a 
small fraction of those generated by the ships calling at these same 
ports: 174,000 tonnes from ports operations and approximately 10 
million tonnes from international shipping. 

It is clear that given the right incentives and initiatives ports 
could have a major role bringing about major changes to reduce 
greenhouse gas emissions from shipping. Ports are already 
doing many things that are good, such as improving the energy 
efficiency of their handling operations and developing renewable 
energy sources, but there is scope to reduce carbon emissions in 
the maritime industry by between 25% and 75%, using a range of 
technical and operational measures.

Organising the tools
A number of tools exist to enable port operators to attempt to 
redress the balance and it is our role to assess the technologies to 
understand which will be most applicable to the UK ports system. 

For example, one tool is that of Virtual Arrival, which aims to 
significantly reduce the amount of fuel consumption on a journey 
by making sure that the ship only arrives when the port is ready 
for it. By managing the arrivals through communication en route, 
ships are able to decrease their speed approaching port based on 
their date of arrival, planning for any known delays dockside. The 
positive effects of this are that waiting times are cut, health and 
safety issues around congestion in ports are addressed and, most 
importantly for our study, emissions are decreased. 

In fact, trials undertaken by the Oil Companies International 
Marine Forum (OCIMF) and Intertanko have shown that it is 
possible to reduce a vessel’s fuel consumption and consequent 
CO

2
 emissions by up to 22%.

Slow steaming will assist shipping companies to save fuel, which 
in turn can lead to increased competitiveness in the market – BP, 
for example, is leading tests in this area.

Another possibility, already in operation in six European ports, is 
the use of ‘green passports’ that offer reduced port fees for vessels 
meeting specified environmental requirements for emissions of 
carbon dioxide and other pollutants – a specific example of ports 
enacting a major positive change for the environment. 

The passport is given based on the ship’s World Ports Climate 
Initiative’s (WPCI) Environmental Ship Index (ESI) rating, which 
scores environmental performance on a scale from 1-100. Non-
clean ships incur higher port charges; discounts are given for clean 
ships; and inspections may be made to certify qualifying ships. 

Port authorities from Le Havre, Bremen, Hamburg, Antwerp, 
Rotterdam and Amsterdam launched the ESI in November 2010 
and have reduced rates for vessels that score well on the scale. 
Implementation has been steady and although it has not yet been 
adopted globally, by producing a workable framework through the 
six initial ports it is hoped that other ports will follow suit over 
the next year. Given that major channel ports are already using or 
testing the scheme, issues regarding loss of competitive advantage 
for UK ports should be limited.

Another way for ports to make an impact is to provide shore-
side electricity for vessels while they are in port, where there 
appears to be considerable interest. A survey by WCPI of 53 
ports worldwide indicated that 32% currently provide shore-side 
electricity and 85% are considering introducing or expanding 
shore-side power facilities in the next five to ten years.

This process, known as ‘cold ironing’, is far more energy 
efficient than generating power on board ships for heat, lighting 
and other operations. It is estimated that the greater efficiency 
and emissions abatement technologies of generation plants 
compared to onboard generators can reduce CO

2
 emissions by 

more than 30%, and those of nitrogen oxides and particulates, 
by more than 95%, while eliminating noise pollution entirely 
(ENEL press release, 2010). 

This technology has been adopted in ports across the globe 
from Gothenburg to Port of Los Angeles, Lübeck to Vancouver, 
with many other ports having projects in the pipeline – Venice 
and La Spezia recently announced plans to become ‘green ports’ 
with cold ironing as their main objective. 

With a high proportion of Ro-Ro traffic to the UK, shore-side 
electricity seems to make more environmental sense. With longer 
times spent in port on some Ro-Ro routes, and many of these 
ports situated in urban areas, essentially plugging the ship into the 
mains is a far better prospect for local pollution levels. With a new 
surge toward renewable energy, the environmental benefits could 
be even greater. However, there is still a need for UK ports to 
assess the average berth times of vessels as on-shore power supplies 
are only effective for ships with long calls. 

Carbon impact
It is difficult to calculate the carbon impact of supply chains in a 
globalised economy. Ports have long been ignored in this context 
so the study focuses on this area in detail. But where they work 
collectively, there is the capacity to not only reduce emissions 
from their own activities but also encourage shipping companies 
and other elements in the supply chain to do the same.

Initiatives such as the World Ports Climate Initiative have shown 
that ports can be very proactive in this area and there is a good 
track record of shipping companies working in partnership with 
the port operators to improve environmental standards, given the 
right incentives. However, for agreements to be effective, they 
would have to be adopted at a Europe-wide level.

The UK, such as any country should act carefully on 
taking unilateral decisions, since the ports’ industry is a very 
competitive market. For example, an environmental levy 
through UK ports could divert the traffic to continental ports, 
increase feeder traffic from these ports to the UK and the final 
leg would be done by road. This scenario would be much worse 
in terms of carbon emissions. So, as always, there is a balance to 
be struck.

As work is ongoing it is not yet possible to make definitive 
conclusions from our analysis. Notwithstanding, from research 
to date, it is apparent that there is much interest in, and potential 
around, how ports can contribute to reducing the total shipping 
related envelope of CO

2
 emissions.
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An introduction to LP fenders
Low pressure (LP) pneumatic fenders have been in use in the 
offshore and port services industries for over 40 years, and have 
been utilized extensively for both large and small scale port 
operations and ship-to-ship transfers, including successful use in 
the Exxon Valdez oils-spill clean-up. 

LP fenders are used by the UK and US Navies and the US 
Coast Guard, as well as by commercial organizations such 
as Svitzer, Fuji Trading, BP and Total Marine for a number of 
applications including STS transfers, offshore mooring, jetty 
mooring, and salvage and cargo recovery. 

These fenders can be tailored to meet customer performance 
requirements, across a broad range of diameter and length, and 
are selected not only for their robustness, durability and high 
performance, but also for their unique, light-weight design which 
allows for ease of handling, packing and transportation and is not 
practicable with other types of fender system. This combination of 
attributes means that the LP fenders can be deployed quickly and 
efficiently via air, land or sea, and as such it is ideal for emergency 
ship-to-ship transfer scenarios. For example, similar energy 
absorption performance can be obtained with an LP fender that 

is a fraction of the weight of an equivalent High Pressure (HP) 
pneumatic fender, even when the HP fender chain and tire net is 
not included. 

It is also possible, unlike other forms of fendering, to roll up 
the LP fender and transport to the required operational location. 
Moreover, long-term storage is made possible due to the use 
of robust aluminum packing cases, which can be lifted with 
commonly available mechanical handling equipment such as fork-
lift trucks and cranes.

Manufacture & implementation
LP fenders are currently being manufactured at Dunlop 
GRG’s fabrications facility in Manchester, UK, for an existing 
requirement for emergency Ship-to-Ship operations of the 
world’s largest operating LNG tankers. 

Comprehensive product support services include working 
closely with the client, a globally renowned salvage operator, 
offering them full support including an exhaustive training 
schedule covering the use and operation of LP fenders. Terra 
Firma training has already been conducted, consisting of general 
fender handling techniques; unpacking and unrolling procedures, 

Moor reliable, increased safety: Low 
Pressure pneumatic fenders
Dunlop GRG Holdings Ltd., Manchester, UK

Figure 1. Packed 4.5m diameter x 22m long LP Fender.
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methods for packing and rerolling, inflation of the fender units 
using the custom-built, heavy-duty diesel-driven blower unit, and 
refurbishment and general maintenance (see Figure 1). Moreover, 
as part as an ongoing collaborative training program, further 
Prata Neptunia training is planned to practice various deployment 
scenarios to allow for the most efficient and rapid response to any 
demand of emergency transfer requirement.

Furthermore, continuous dialogue with the client has been 

maintained to ensure all specific design and associated contract 
requirements are met in order to suit all operational needs. An 
example of this is the custom-built end closure plate; the main 
interface between the end-user and the fender unit. It has been 
specifically requested that this component include secondary 
r igging points, increased lug clearances and a continuous 
handling ring for manoeuvring and manually handling the 
fender when floating (Figure 1). It has been possible to meet 

Figure 2. Finite element analysis software is used to numerically analyze and review the fender structure.

Low pressure marine fenders can be deployed in applications such as STS transfers, offshore mooring, jetty mooring, and salvage and cargo recovery.
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these requirements in the short timescale allowed during the 
manufacture of the LP units whilst, through the use of 3D CAD 
and finite element analysis, able to ensure optimum performance 
of the assembly design. 

In addition, as the LP fenders are intended as an emergency 
response aid and could be requested for operational use at anytime 
and at nearly any location around the world, it was important that 
the fenders be supplied with a transportable, high-power blower 
unit for in-situ inflation of the fenders. A bespoke, diesel-driven 
blower unit has been designed and supplied for inflation and 
deflation of the LP fenders for this particular requirement. 

As with any performance-critical product, especially in 
the offshore sector, it is imperative to continually review and 
develop to incorporate new materials technology and analytical 
design methods. At present, there is an ongoing review of the 
LP fender design and performance; including assessment of 
coating and reinforcement materials, numerical analysis of the 
fender structure during its operation using finite element analysis 
software, manufacturing techniques and construction of fabricated 
assemblies, deployment techniques and methods of handling. 

To assist in this review, there is the full support of Trelleborg, 
a global engineering group with over 20,000 employees in 40 
countries, including Trelleborg Marine Systems who provide 
the full range of port and STS fender options and system 
design, but particularly the materials development expertise of 
Trelleborg Coated Systems with facilities in Sweden and the 
USA. With access to these vast resources it is possible to carry 
out in-depth research on compounding and textile designs 
in order to provide optimum mechanical and environmental 
performance of LP fenders. 

New industry standards
In a commitment to supply a safe, reliable and high-quality 
product, it is recognized that standardization with appropriately 
stringent design and quality criteria is a key element in helping to 
promote the use of LP fenders, particularly for situations where the 
small packed size and transportability of the fender is of paramount 
importance, such as during emergency ship-to-ship transfers. 

A revision of ISO 17357 – ‘Ships and Marine Technology – 
High Pressure Floating Pneumatic Rubber Fenders’ has been 
proposed to include material, performance, test and inspection 
requirements for LP fenders as a separate section in a new two-
part standard: Part 1 dealing with HP pneumatic fenders, and 
Part 2 covering LP pneumatic fenders. The drafting of this 
standard, project management and liaison with individual national 
standardization bodies has been performed on behalf of the 
International Organization for Standardization by Dunlop GRG. 
The draft standard of the revised ISO 17357 has been submitted 
for review and balloting by members of the ISO committee. 
Current production of LP fenders have been successfully tested in 
accordance with the requirements outlined in the draft standard 
ISO 17357 – Part 2. 

Since commencing manufacture of LP fenders over four 
decades ago, Dunlop GRG has striven to continuously develop 
offshore fendering products for safe and effective berthing. With 
the imminent approval and adoption of the updated ISO 17357, 
now including specifications for low pressure floating pneumatic 
fenders, it is anticipated that LP fenders will offer a viable, 
safe, reliable and flexible alternative for port and ship-to-ship 
berthing operations.

Part of the Trelleborg Group, Dunlop GRG is a leading marine fender supplier. 

The company also designs and develops collapsible containers, and Dracone 

barges, which are supplied globally to a wide range markets including defense, 

maritime, petrochemicals, power industry, and security.

Dunlop GRG Holdings Limited

Tel: +44 161 653 5964

Web: www.trelleborg.com/Dunlop-GRG

ABOUT THE COMPANY ENQUIRIES 

Graph: Fender weight against reaction forces for HP and LP fenders.
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“Given the inevitability of technology’s continuous 
development, a small minority of port welfare 
organisations are responding to port-wide network 
technology not as a threat but as an opportunity to better 
meet the welfare needs of seafarers.”
‘WiFi and WiMAX in ports and seafarers’ access to the Internet’, page 42.
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Preface
This report is based on findings of a research project 
commissioned by the International Committee on Seafarers’ 
Welfare (ICSW) and funded by the International Transport 
Workers’ Federation (ITF) Seafarers’ Trust. The project ran from 
January to April 2011. [1]

The author would like to thank all those who participated in 
the research survey and interviews. She owes particular thanks 
to Johan Deleu of the Port of Antwerp; Yuanheng Kwek of the 
Maritime and Port Authority of Singapore; Lourens Visser of 
the Port of Rotterda; Cor Oudendijk of the Port of Amsterdam; 
Joseph Chacko of Kandla Seafarer Welfare Association, and Jorg 
Pfautsch of the German Seamen’s Mission.

In accordance with the wishes of research participants, some 
respondents’ identities are not specified in order to maintain their 
anonymity.

Introduction
“It is normal to miss your family and to sometimes feel lonely, bored, and 
depressed at sea, or to not be able to sleep. But somehow by sending an 
email or making a call, it really helps.” 

Filipino wiper

Communicating with home is of paramount importance 
to seafarers and their welfare. Extensive anecdotal evidence, 
such as the comment above [2], signals the positive effects 
communicating with home can have on seafarers’ mental 
wellbeing while away from their family and friends for several 
months at a time, often working in small crews with limited 
shore leave. At the same time, improved communications between 
seafarers and their relatives seem likely to increase their cohesion. 

At present, seafarers’ access to the Internet and phones aboard 
ship is both limited and seems expensive. In his extensive study 
of port welfare services, Kahveci (2007: 27) cites just 16% 
of seafarers (N=3527) having access to emails onboard. Given 
the limited availability of email at sea, Kahveci reports seafarers 
using satellite phones as their main method of communicating 
with home, which are expensive, followed by personal mobiles 
(primarily for texting) when in range of a signal (ibid.: 30). If able 
to go ashore while in port, seafarers can take advantage of varying 
communication facilities in seafarer centres. While some centres 
only provide phone cards for use in the nearest public phone 
box (Kahveci 2010: 38), others are equipped with computers 
linked to the Internet, or with WiFi signals to which seafarers 
can connect using their own wireless-enabled devices. It is not 
clear what percentage of seafarers sail with personal laptops; one 
welfare worker interviewed during this research in the Port of 
Antwerp, Jorg Pfautsch, estimated almost all officers to have 
laptops compared to 20–30% of ratings, although he and others 
considered this number to be rising.

A new development affecting seafarers is mobile WiMAX, a 
wireless network technology that differs significantly from WiFi 

in the way in which it operates (see Box 1). A small minority 
of welfare organisations have begun to take mobile WiMAX 
technology on ship visits so that crew can connect to the Internet 
via their personal computers without having to come ashore. While 
there is potential for growth in the number of welfare workers 
taking mobile WiMAX onto ships in this way, the numbers of 
seafarers benefiting from the technology would remain modest.

WiFi and WiMAX in ports and 
seafarers’ access to the Internet
Developments in new technology and implications for seafarers’ welfare 
Dr Olivia Swift, Research Associate, Greenwich Maritime Institute, London, UK

Box 1: How does WiMAX compare to WiFi? 

Although both are types of network technology that transfer data 
using radio waves, WiFi and WiMAX differ in the way in which 
they operate [7]. WiFi is a wired network that creates Local Area 
Networks (LANs) within which users can connect wirelessly, most 
commonly in order to access the Internet (although it has other 
uses including closed-circuit business networking). WiFi has become 
widely used as an affordable means of connecting to the Internet 
within close range of a WiFi access point. On average, WiFi typically 
offers a maximum range of 50m indoors and 100m outdoors. In 
contrast, WiMAX provides wireless reception at higher broadband 
levels over greater distances. Many expect WiMAX to replace 
broadband accessed through phone lines, cable and DSL, thereby 
popularising broadband access in the same way that mobile 
phones have transformed telecommunications. Since WiMAX uses 
transmitters rather than fixed lines to carry its signal, several users 
can connect to a transmitter even if buildings, shipping containers, 
trees, etc. block it. This makes WiMAX particularly useful in ports 
lacking fibre networks that are difficult and expensive to lay. 

WiMAX is available in two spectrums of frequencies, ‘fixed’ and 
‘mobile’, with mobile WiMAX – the lower frequency – having the 
most commercial interest to date and forming the basis of future 
WiMAX revisions. Fixed WiMAX is estimated to have a range of up 
to 50km although mobile WiMAX’s range is considerably less and 
averages 6–7km.

WiMAX – pros

Since WiMAX, unlike WiFi, does not require a wired Internet input 
into each antenna, it is quick to install across a large area at a low 
cost. Since WiMAX, unlike WiFi, allocates users a constant allotment 
of broadband access, connection quality is often better than that of 
WiFi. WMAX allows multi-user connectivity. WiMAX has an in-built 
Quality-of-Service mechanism that allows ‘mission-critical’ services 
to run smoothly even if there is a lack of resources.

WiMAX – cons

Since WiMAX, unlike WiFi, is an ISP-based system, it cannot be used 
for private networks. High-frequency WiMAX requires a spectrum 
license, unlike WiFi. Making full use of WiMAX requires specialised 
hardware and dedicated antennas.

Although WiMAX can deliver higher data rates (up to 
approximately 70Mbps) over large distances, it can still be slow in 
comparison to cable and satellite Internet, especially as the number 
of users and distance from an antenna increases. Since WiMAX and 
WiFi use radio waves, they can both suffer from interference from 
other radio wave-based systems.
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In contrast, WiMAX or WiFi that covers the entire area of a port, 
including its waters in which ships are harboured, has the potential 
to reach many more seafarers, enabling them to connect to the 
Internet and communicate with friends and family via email, social 
networking sites and applications such as Skype™. [3] 

Research findings

Existing and planned port-wide wireless technology
Comments from interviews and surveys conducted show several 
port authorities support the principle of allowing seafarers access 
to the Internet via port-wide wireless systems. However, the 
interview data suggests port-wide wireless networks to be rare. 
It seems likely that ports’ lack of familiarity with this technology 
discouraged survey recipients from engaging with the survey, 

thereby contributing to its relatively low rate of response. Of ports 
responding to the survey, 32% had port-wide WiFi and 10% had 
port-wide WiMAX; 26% of those ports with neither reported 
having plans for this technology in the future. Of those ports with 
port-wide wireless networks, 58% allowed seafarers access to the 
networks, of which 38% gave seafarers access for free. Although 
these figures reflect relatively low numbers of ports, they offer 
encouraging signs that some ports are furthering seafarers’ welfare 
by allowing them access to this technology. 

Reasons for lacking port-wide wireless 
technology
The diagram below (left) shows survey responses to a multiple-
choice question asking for reasons why ports lack port-wide WiFi 
or WiMAX:

Have you plans for a port-wide WiFi and/or WiMAX in the future?

What are the main reasons? Click all that apply. Can seafarers use the port-wide WiFi and/or WiMAX to use the Internet?

Do you currently have port-wide* WiFi and/or WiMAX? 
*‘Port-wide’ assumes that coverage will not be the same in all parts of a port.
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i) Demand & cost
The main reason respondents gave for not having port-wide WiFi 
or WiMAX was a lack of demand. ‘We are not against it,’ said 
an IT manager at Associated British Ports, ‘It’s just never come 
up’. These comments relate to a second main reason respondents 
offered for lacking port-wide network technology: ‘it is too 
expensive’. Several port authorities interviewed were unable to 
justify the cost of establishing port-wide WiFi or WiMAX since 
they could not see how such an initiative would deliver revenue in 
return. Consequently, these respondents felt a port-wide wireless 
network would only result if sufficient demands were made of 
ports. To quote from an employee at the British Port of Felixstowe:

“We have over 800 acres here; the cost of establishing a network would 
be colossal. We prefer to keep our frequencies for business use; providing a 
port-wide network for seafarers’ use would have to be forced upon us. I’ve 
not heard of British ports offering such a thing”.

This comment also indicates others’ concerns about expense:
“We have a vast area here in Rotterdam with a number of propagation 

issues: buildings, large ships and mountains of coal and ore, etc. To have port-
wide WiFi would be a vast investment with doubtful added value. I doubt it 
would bring equivalent increase in traffic; it’s not a strong business case.”

Lourens Visser, Head of Information Division, Port of 
Rotterdam, Netherlands

Respondents’ concerns about the cost of port-wide wireless 
networks are justified. The Port of Rotterdam estimated that a 
port-wide WiFi network would cost in the region of EUR10 
million (although this estimate may have decreased in the two 
years since it was obtained by the port), while in New Zealand, 
the Ports of Auckland’s partial WiFi network cost NZ$0.5 
million and port-wide WiFi in the Russian Port of Vladivostok 
cost US$30,000. The cost of installing and operating a port-wide 
wireless network varies between ports and is largely influenced by 
a port’s area and topography, which partially determine the extent 
of wiring and number of antennas required, and by the type of 
wireless technology involved. Inevitably, installing and operating 
a port-wide wireless network is a considerable investment and 

includes the cost of infrastructure, building permits for antennas, 
relevant software and maintenance costs.

However it is worth noting that port-wide wireless technology 
does not lack potential for generating revenue, even if it is modest 
in comparison to the cost of network installation. For the Port 
of Antwerp, Belgium, providing port-wide WiFi at no cost to all 
port users including seafarers (see Box 3) is a marketing device 
that helps the port compete as a public company. As such, the 
port’s WiFi is expected to increase the port’s overall profits, 
although its success in doing so is presumably difficult to measure.  

In the Port of Vladivostok seafarers have been able to connect 
to the Internet via port-wide WiFi operated by Port Telecom 

Box 2: WiFi and the Port of Amsterdam

From 2001-05, the Port of Amsterdam had a wireless, antenna-
based WiFi system that it used exclusively for communicating 
with its patrol and emergency vessels. Due to signal interference 
from obstacles and a large numbers of WiFi users in the port and 
surrounding apartments causing bandwidth overloading, the 
port found its WiFi network unsatisfactory and switched to using 
a Universal Mobile Telecommunications System [3G] that used 
dongles, which has proved more reliable. 

At the moment, seafarers cannot access the port’s WiFi network, ‘but 
we are eager to see how they can,’ said the Port’s Cor Oudendijk. 
‘Our primary interest is facilitating more regular and frequent 
contact with the ship captains and enabling them to make contact 
with pilots and compulsory port authority information systems, 
although it should be possible that other seamen can make personal 
use of the WiFi in the near future,’ he added. ‘We are also following 
developments in WiFi and WiMAX closely as we see the efficiencies 
and possibilities they offer.’ At present, ships’ agents are responsible 
for connecting captains to port authority information systems but 
with port-wide WiFi, speculated Oudendijk, this middle-man role 
would be removed and the fees paid might be reduced accordingly. 

‘This means that the port-related costs will go down, which is a 
positive commercial aspect. We could then accommodate the needs 
of the crew with their private laptops. We still think WiFi might be 
the future.’

Cor Oudendijk, Port of Amsterdam

Box 3: WiFi in the Port of Antwerp

For over two years, the Port of Antwerp has provided free WiFi that 
covers the majority of its harbours and surrounding area. The port 
chose WiFi over WiMAX primarily because few if any consumers, 
including seafarers, own laptops that are WiMAX-enabled since WiMAX 
technology is not yet widely available to consumers at an affordable 
price. In contrast, almost all laptops in today’s market include the 
hardware enabling them to connect to WiFi networks without needing 
additional devices. Providing port-wide WiFi is a marketing tool offering 
value that helps the port compete as a public company.

The port asked WiFi technology companies to bid to supply the 
technology the WiFi network required and then field-tested 
the range of each company’s equipment before awarding the 
contract to the company Fabricom with its subcontractor KMC 
offering with Inspiair, a niche WiFi technology from Israel. The 
WiFi system runs along the port’s existing fibre and power cable 
network connecting 23 access points each with multiple directional 
antennas. The average cost of constructing these points, including 
that of obtaining the permits they require in Belgium, totalled 
approximately EUR5,000–6,000 per antenna. This was the largest 
cost in establishing the WiFi system. 

The port’s WiFi network provides varying signal strengths, a map 
of which is available on the port’s website enabling users to see 
the strength of the signal in their location, along with a handbook 
containing information about the WiFi network. The port recommends 
the use of a small, mobile antenna, which can be plugged into a 
standard USB or Ethernet port on a computer in order to boost the 
signal. Such an antenna, including the power-supply unit it requires, 
typically cost between EUR20 and EUR100. The WiFi system can 
support up to an estimated 1,000 users at any one time although 
on average, 20 to 60 people use the system simultaneously. Anyone 
on land or aboard ship within range can access the network free 
of charge by first supplying a username and password in order to 
register (some web pages that can be accessed without registering 
are listed on the registration page). User registration is a legal 
requirement that signals a ‘business relationship’ between the port 
and its WiFi users, which prevents the port falling into the category of 
Internet Service Provider, which entails separate legal requirements.

Approximately 300 users register each month with registration 
remaining valid for one week. Once registered, users are able to use 
up to 200Mb of data per day. Users are able to access any website 
available through a standard web browser but are restricted to a 
speed of 512Kbps of data at any one time, so as not to attract too 
much traffic and restrict others’ usage. This means that the running 
of applications such as Skype™ and YouTube™ is often slow 
and fragmented. The system’s focus is on providing access to the 
Internet rather than on also supplying webpage content.

The port’s plans for the future of its WiFi network include improving 
coverage and speed in areas where current coverage is insufficient. 
The port also intends to monitor developments in WLAN [wireless 
Local Area Network] technology – especially 802.11n [a wireless 
networking standard] – to see if a complete network upgrade 
would be beneficial.

Johan Deleu, Port of Antwerp
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Co. Ltd. since 2005. To date, seafarers have required a log-in and 
password from a Port Telecom office in order to use the system 
(and it is therefore unclear how many seafarers are able to use the 
system) but the company has imminent plans for seafarers to be 
able to both pay for and access this information via SMS on their 
mobile phones. In Singapore, seafarers and other users will pay to 
use the port-wide WiMAX after the system’s trial year (see Box 4),  
while Pieter Bakker of the Ports of Auckland speculated that were 
the port to offer port-wide WiFi, it ‘would need to install software 
and receive payment for Internet access’.

Box 2 provides comments from Cor Oudendijk of the Port of 
Amsterdam, Netherlands, who suggested a further way in which a 
port-wide wireless network can contribute to the bottom line of 
ports: by reducing the fees ports pay to port agents.

ii) Security concerns
The third main reason respondents cited for not providing port-
wide WiFi or WiMAX was security concerns: fears that a port-
wide network would compromise the secure handling of ship 
and port information systems. The following comments indicate 
respondents’ concerns:

“The only issue keeping us from doing this [installing port-wide 
WiFi/MAX] is security.” 

[Port authority name supplied.]

“It’s not a good idea to have WiFi or WiMAX in port area for security 
reasons.”

Sabah Ports, Malaysia

“Security reasons do not allow non-employee access to the network.”
Port of Tilbury, UK

Security concerns were also the most common reason for 
those ports with partial or port-wide wireless network to not 
allow seafarers access to it. The following diagram provides survey 
responses to a question that asked why seafarers are not able to 
access existing port-wide WiFi and WiMAX.

Two examples from New Zealand provide further insights:
“At this stage we have an infrastructure that can only host those security 

checked to be on our network. The Ports of Auckland have had port-
wide WiFi for almost a decade, which is used to facilitate communication 
between container handling equipment (CHE) and host systems. Since 
the system has suffered interference from other WiFi networks from nearby 
apartments, as well as attacks on the system that prevent access, we do not 
provide access to non-port workers for fear of attack from hackers in nearby 
apartments wanting to use the network for free, which would compromise 
the core purpose of the WiFi: CHE connectivity.”

Pieter Bakker, Ports of Auckland.

“We have partial WiFi coverage, for internal port company use in areas 
where wired infrastructure is not available. Were we to open this out to 
users outside of the port company, there would be potential for Internet 
access abuse, such as downloading illegal content, which would potentially 
fall back on the port as the provider of service and could lead to a loss of 
the port’s Internet access.”

Mark Brennan, IS Manager, Port of Taranaki.

The security concerns expressed in the comments above are 
twofold: concerns about the security of port and ship information 
systems and secondly that ports would be held responsible for 
any downloading of illegal material via the wireless network they 
provide. In most national jurisdictions if not all, WiFi providers 
are not responsible for any illegal downloading by its customers, 
although employers can be liable for illegal downloading by 
employees. Port authorities therefore need to be clear about the 
nature of their relationship to the potentially multiple categories 

of people using their wireless networks as well as the legislation 
applicable to these relationships in cases of illegal downloading.

The Port of Antwerp, where port-wide WiFi has been 
operating for over two years (see Box 3), provides an example of a 
port that has secured its wireless network by taking the following 
measures. The success of the port at doing so implies other ports 
could achieve similar levels of security by taking the same or 
equivalent steps:

“Security is definitely a concern with WiFi networks. There are two 
reasons why it is not a problem in our setup. Firstly, our infrastructure 
allows to make ‘virtual networks’ that are not connected at all to the 
company network; the only ‘way out’ is directly to the Internet. Even for 
the Internet access itself, we have a completely separate connection with 
an independent service provider. The company Internet connection is not 
used by the WiFi users. The second reason why security is not a problem 
is that for our own ships, connection to the corporate network is not only 
encrypted on WiFi, but also uses end-to-end IPSEC VPN tunnels (a 
special security protocol). During 2011 security will be enhanced even 
further by authenticating every individual PC that wants corporate 
network access.”

Johan Deleu, Port of Antwerp

Box 4 provides a case study of WiMAX in the port 
of Singapore. Here, the WiMAX signal is provided by a 
telecommunications commercial partner for use by individuals, 
such as seafarers, and also by businesses and other organisations 
operating in the port area. Users are responsible for securing 
information via security software on individuals’ devices and 
security protocol such as VPN tunnels in the case of businesses, as 
used by the Port of Antwerp.

iii) Threat to port welfare organisations 
Another concern research participants voiced about port-wide 
wireless technology was that it posed a threat to seafarer centres, 
either because the technology discourages seafarers from using 
centres or because centres’ welfare workers sell seafarers fewer 
phone cards. The following comment made by a spokesman from 
a New Zealand ports is illustrative of participants’ fears:

“The port fully sponsors the seaman’s mission where access to the 
Internet is provided. Whilst we have not dismissed WiFi throughout the 
port, I am concerned that it would stop seafarers from venturing ashore. 
This would then give cause for the mission to close its doors and we 
already struggle for support from the seafarers”.

Jon Moore, Northport, New Zealand.

Given the inevitabil i ty of technology’s continuous 
development, a small minority of port welfare organisations are 
responding to port-wide network technology not as a threat but 
as an opportunity to better meet the welfare needs of seafarers, 
particularly since limited shore leave means seafarers are often 
not able to make use of seafarer centre facilities in the first place. 
The main advantages of port-wide WiFi and WiMAX to the 
operations of welfare organisations are listed below:

i)  Shore leave. Port-wide WiFi and WiMAX address some of 
the problems linked to seafarers being unable to come ashore 
by allowing them to connect to the Internet aboard ship.

ii)  Adding value to ship visits. In cases where welfare 
workers take mobile WiMAX aboard ships, or when 
they provide information and/or hardware enabling 
seafarers to connect to wireless networks, they add 
value to ship visit ing beyond the core service of 
providing pastoral care. This need is included in the 
recommendations arising from Kahveci’s research (2010: 49):

“Welfare workers for seafarers identified the ship visits they 
made as being one of the most popular services. However, there 
is a need to review the purpose of the ship visits and the most 
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effective way of visiting ships. Pastoral welfare workers’ ship visits 
primarily for the pastoral care of seafarers do not always meet the 
general needs of seafarers. It is recommended that when visiting 
ships the broader needs (transport, communications and so on) of 
seafarers should also be taken into account.”

iii)  Port-wide WiFi and WiMAX need not deter seafarers 
from coming ashore. Anecdotal evidence from welfare 
workers in ports with port-wide WiFi or WiMAX does not 
suggest this technology to be deterring seafarers from coming 
ashore, as noted in the earlier remarks made by the BW 
Shipping employee in Singapore. 

iv)  Port-wide WiFi and WiMAX need not affect welfare 
organisations’ revenue from the sale of phone cards. 
Again anecdotally, welfare workers in ports with port wide WiFi 
or WiMAX did not report a decline in sales of phone cards. 

v)  The significance of existing revenue from the sale 
of phone cards is questionable. In the Port of Kandla, 
concerns that port-wide WiMAX would threaten the welfare 
organisation’s revenue from the sale of phone cards have proved 
misplaced, not least because such revenue is minimal.

vi)  Port-wide WiFi and WiMAX provide their own 
potential for revenue generation. By using a system in 
which seafarers pay for log-in details that expire after a set 
period of time, welfare organisations would be able to raise 
revenue. Given the appeal to seafarers of being able to access 
the Internet aboard ship, revenue raised in this way has the 
potential to amount to more than that currently earned from 
the sale of phone cards. 

Seafarers’ use of existing port-wide wireless 
networks
In ports such as Antwerp and Singapore, port-wide wireless 
networks offer seafarers the opportunity to communicate with 
home via the Internet at no cost, without having to go ashore. 
This marks a significant improvement to seafarer welfare. It is 
worth noting, however, that seafarers appear to differ in the ease 
with which they use the networks, with some not using them at 
all. This may be the result of seafarers still becoming familiar with 
the systems that are still in their infancy. 

Jorg Pfautsch of the German Seamen’s Mission in Antwerp 
reported that for seafarers who use computers relatively 
frequently, connecting is straightforward while for others it is 
more difficult. Welfare workers are instrumental in providing 
seafarers with information they need to connect to the network, 
along with port agents. Pfautsch also noted, as did the port, that 
the strength of the signal varies according to:

“The ship’s proximity to the WiFi antennas, the seafarer’s computer 
hardware and his location on the ship, with the bridge deck offering the 
strongest signal. Often cargo handling and cranes interrupt the signal. Few 
seafarers are using additional antennas to boost the signal.”

In the case of Singapore, feedback was mixed regarding the 
extent to which seafarers are using the Port’s WiMAX network. In 
contrast, comments from welfare workers and shipping companies 
suggest many seafarers not to be using the WiMAX network at all. 
According to Christian Schmidt of the German Seamen’s Mission:

“Most of our ratings are using our centres or going ashore. Some 
seafarers, who come frequently to Singapore, use a [3G] dongle provided 
by a company called Starhub, which allows pay-per-day usage at an 
affordable rate. Some port agents also provide dongles for the crew, such 
as APL in the Brani terminal [of Singapore]. In these cases, seafarers also 
pay by the day and then return the dongle to the port worker.”

Leonard Harbottle of BW Shipping supported the impression 
that seafarers are not fully benefiting from the port’s WiMAX:

“It is my understanding that that it [the WiMAX] really only benefits 
vessels berthed alongside and within the container port. We also believe 
that there are some technical IT issues: it is not a simple a case of hooking 
up your laptop to a system at no cost. We also believe that there is a limit 
on its [the WiMAX’s] range; this is one of the reasons we are not using 
it. Our fleet,  which primarily comprises tankers, rarely visits the port of 
Singapore but  transits the straits on an almost daily basis and we also do 
a lot of bunkering,  storing and crew changes within and beyond Singapore 
port waters. Our entire tanker fleet will have a VSAT [satellite] broadband 
system by the year’s  end, which crew can use for free.”

Although anecdotal, the comments above suggest seafarers 
to not be benefiting fully from existing port-wide WiFi and 
WiMAX systems due to a number of reasons that include:

i)  Issues with the range and uneven signal strength of 
wireless networks. This is known to be a problem with 
WiFi in particular. While the Port of Antwerp is eager to 
address these limitations as part of its improvement work, it 
is important that similar measures are factored into the 
maintenance programmes of other port-wide WiFi networks.

Box 4: WiMAX in the Port of Singapore

In April 2008, the Maritime and Port Authority of Singapore 
(MPA) launched its WISEPORT trial project, which provides mobile 
WiMAX connectivity throughout the port and up to 15km at sea 
off the southern coast of Singapore, where shipping traffic is 
heaviest. Under a three-year trial, the MPA anticipates the project’s 
commercial launch by the end of 2011. Singapore is the first 
WiMAX seaport.

The WiMAX signal is transmitted wirelessly from base stations 
of which there are currently six along the southern shorelines of 
Singapore. The WiMAX network will then cover the southern waters 
of Singapore.

Further base stations will be established to expand the network 
according to demand. 

The WISEPORT network offers improved communications, 
operational efficiencies and new business opportunities to 
individuals and organisations when at sea within Singapore port 
waters. WISEPORT enables onshore activities to be replicated 
offshore, including regulatory filing, electronic data exchanges and 
access to Internet-based applications, which avoids the high costs 
involved in offshore communication via satellites. The network 
also enables live coverage of port waters for security purposes. 
Moreover, WISEPORT has improved the welfare of seafarers who 
now have a simple, low-cost means of accessing VoIP [Voice over 
Internet Protocol – such as Skype services, video conferencing and 
the Internet.

The WISEPORT project was initiated under the Infocomm@SeaPort 
Programme, a joint initiative by the MPA and Infocomm Development 
Agency (IDA), with QMax Communications Pte Ltd (QMax) being the 
network service provider. WISEPORT started off as a research and 
development project with a vision of commercial deployment in the 
near future. MPA provided some of the project’s initial funding while 
QMax is the network service provider that operates at the 2.3Ghz 
frequency through which the WiMAX network runs.

Seafarers aboard ship can connect to the WISEPORT network in one 
of three ways: 

1)  By plugging a USB dongle directly into an onboard computer; 

2)  By using an external modem attached to an onboard computer 
to which other computers can then connect, or 

3)  By placing an external antenna onto the vessel’s roof attached 
by cable to computer(s) inside the vessel.

Yuanheng Kwek, Assistant Manager (R&D), Maritime and Port 
Authority of Singapore
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ii)  Issues of access to the hardware required for 
connecting to wireless networks. There are two 
components to this point: firstly, seafarers without personal 
laptops are reliant upon limited access to ship computers to 
communicate with home using port-wide wireless networks. 
Secondly, WiMAX networks appear to require additional 
hardware in the form of a dongle, modem or antenna 
in order for seafarers to connect their computers to the 
Internet via the WiMAX network. In Singapore, port agents 
are reported to provide every ship visiting the port with a 
dongle for connecting to the port’s WiMAX. It seems that 
without additional hardware, seafarers remain reliant upon 
limited access to the Internet via one computer controlled by 
the ship’s captain. It is unclear to what extent other seafarers 
in the port are able to access the hardware necessary to 
connect their laptops to the WiMAX Internet and where 
responsibility falls for providing this hardware. 

The wider problem of improving seafarer access to the 
Internet lies in the limited number of ports with port-wide 
wireless networks. Although such systems are not without 
potential for generating revenue, the cost of their installation 
remains a major deterrent to their proliferation. In ports with 
an existing degree of wireless infrastructure, such as Amsterdam 
(Box 2), the cost of developing a network through which 
seafarers can use the Internet is significantly lower than that 
of developing such a network from scratch. However, doing 
so requires both ports’ concerns about the security of their 
information to be addressed (using measures such as those 
taken by the Port of Antwerp, outlined above), as well as the 
willingness of ports to incorporate the needs of seafarers into 
their technology strategies. The spokesman from the Port of 
Amsterdam described this willingness in Box 2), a sentiment 
shared by some other ports, including Rotterdam:

“We were supposed to be involved in a WiMAX trial along with 
parts of the emergency services and local government, but the company 
that was going to provide the signal no longer owned the frequency 
so now we are looking for a new solution. At present, we use 3G to 
communicate with our vessels and next year we are changing the mobile 
signal supplier. There are concerns about the quality of the signal from the 
new provider and it might be that WiMAX provides a back-up system, 
or indeed the primary means of communication with the potential of 
also allowing seafarers access to the Internet. I could certainly see how 
WiMAX could play a marketing role for the port and how we could 
combine the welfare of seafarers with our own commercial interests. We 
charge port fees so need to give services in return.”

Lourens Visser, Head of Information Division, Port of 
Rotterdam

The situation Visser outlined raises a further obstacle to 
the spread of WiMAX technology in ports: the need for a 
commercial partner licensed to supply the WiMAX frequency in 
the port area. 

In the Port of Kandla, welfare worker Joseph Chacko 
demonstrates the engagement with changing technology that 
is necessary for seafarers to be able to communicate with their 
families via the Internet aboard ship. Existing and emerging 
technology, including WiFi, WiMAX, 3G and 4G, offer varying 
advantages and disadvantages. Given the differences between 
ports, the solutions for enabling seafarer access to the Internet 
will vary between ports. What seems likely to assist ports’ reach 
solutions suited to their specific needs and characteristics is 
increased communication between ports, including welfare 
organisations working within them, regarding developments in 
technology and experiences of using this technology. This report 
is intended to begin such a dialogue.

Conclusions and recommendations
At present, only a minority of ports appear to have port-wide 
wireless networks via which seafarers can access the Internet 
aboard ships. Most commonly, ports without this technology cited 
a lack of demand, and concerns about costs and security risks as 
the main reasons for neither having installed it nor having plans 
to do so in the future. 

Increasing seafarers’ access to the Internet promises to both 
improve seafarers’ welfare, and improve recruitment and retention 
rates across the industry facing a global shortage of skilled 
workers. While this research has shown port-wide wireless 
technology to have considerable potential to help increase 
seafarers’ access to the Internet aboard ship, it has also highlighted 
a range of issues needing to be resolved in order that their 
potential be realised.

Drawing on the discussion of these and other issues in this 
article, the following recommendations offer a range of measures 
to help address respondents’ concerns and increase seafarers’ 
ability to communicate with friends and family while away  
from home:

i) Create a culture of best practice 
In ports with existing port-wide wireless networks, many of 
respondents’ concerns have been confronted and at least partially 
resolved. It is recommended that communication be increased 
between ports in order to promote the sharing of knowledge, 
experiences and concerns about port-wide wireless and other 
technology benefiting seafarer welfare, possibly administered by 
an umbrella organisation such as the International Association of 
Ports and Harbours. This would help ports address concerns about 
the security of port-wide wireless networks, help them source 
wireless infrastructure at competitive rates, provide clarity about 
the law regarding ports’ liability for any illegal downloading by 
network users, and provide alternative solutions should a WiMAX 
signal provider no longer operate or when new and improved 
technology becomes available. Increased communication between 
port authorities would create a culture of ‘best practice’ among 
ports in relation to seafarer welfare as well as assisting them in 
meeting their own information and communication system needs 
in as efficient a way as possible.

ii) Work more closely with welfare associations
As well as increasing communications between port 
authorities, it is recommended that port authorities work more 
closely with port welfare organisations in order to better use 
available technology to meet both the welfare of seafarers 
and commercial interests of the port as a shared concern. 
Additionally, welfare workers appear well placed to provide 
seafarers with the information and assistance they require when 
connecting to existing port-wide wireless networks. There needs 
to be clarity about which organisation(s) should bear the cost of 
port-wide wireless networks as well as benefit from any revenue 
they generate.

iii) Mitigate against loss of revenue 
Welfare organisations are encouraged to see port-wide wireless 
networks as an opportunity to better meet the needs of 
seafarers rather than as a threat to seafarer centres and welfare 
organisations’ revenue from phone-card sales. It is recommended 
that welfare organisations keep abreast of developments in 
communication products and other sources of revenue that could 
replace and/or add to the revenue currently generated from the 
sale of phone cards.

iv) Incentivise the use of existing infrastructure 
Although the cost of port-wide wireless technology will be 
prohibitively high for some port authorities to bear, ports with 
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an existing degree of wireless infrastructure are urged to explore 
expanding this infrastructure and opening it up to seafarers. It is 
recommended that the industry consider an incentive scheme by 
which ports looking to provide seafarers with access to port-wide 
wireless networks at little or no cost might receive assistance with 
meeting the cost of doing so.

v)  Gain the endorsement of shippers and industry 
organisations  

Shipping companies and their relevant membership 
organisations might consider advocating for increased port-wide 
WiFi and WiMAX, which benefit their crews and provide a 
cheaper means of communicating for business purposes than 
satellite technology.

vi) Clarify who is responsible for network hardware
In ports with existing port-wide wireless networks, there needs 
to be clarity about which organisation(s) is/are responsible for 
ensuring seafarers have access to any hardware needed to connect 
to these systems. This hardware includes dongles, modems and/
or antennas in the case of WiMAX, and also laptops for those 
seafarers without their own. Failure to do so means seafarers 
being reliant upon accessing the system via only one computer, 
to which the ship’s captain determines access.

vii) Monitor user feedback and keep improving the network
It is recommended that ports with existing port-wide wireless 
networks continue to be alert to (or solicit) feedback about their 
networks’ performance and carry out regular improvements and 
upgrades to their systems. It is also important that where seafarers 
are required to pay to use networks, the cost is kept low.

viii) Cooperation between multiple parties
Given the limited range of port-wide wireless networks, whether 
based on WiFi or WiMAX technology, it is recommended that 
owners and other parties continue to look at ways of improving 
seafarers’ access to the Internet beyond port waters.

[1]  The arguments and views expressed in this report are the 
author’s and not necessarily those of either the International 
Committee on Seafarers’ Welfare or the ITF Seafarers’ Trust.

[2] Source: Author’s onboard research, February 2007.

[3]  As promoted by Doris Magsaysay-Ho of Magsaysay Maritime 
Corp, an advocate of port-wide network technology. See 
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[4]  The content of Box 1 is partly informed by: Hunter, H. 
‘WiFi vs. WiMAX’, VoIP News, San Francisco, CA: http:// 
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This article br iefly descr ibes the C-Sharper research and 
development project, which has the objective of evaluating  
the latest radar technology and processing for detection, alert 
and presentation of various objects including shipping, oil  
and precipitation. 

The project is co-funded by the Maritime and Port Authority 
of Singapore (MPA), Kongsberg Norcontrol IT Pte Ltd and 
Kelvin Hughes Pte Ltd at more than SG$2.3 million. The MPA 
are administrating the Project through their MINT Fund.

The project is particularly relevant to Port Authorities 
looking to gain maximum benefit from their radar investment 
and improve their ‘green’ capabilities. The C-Sharper project 
will evaluate the capability of a single radar installation for the 
provision of the following radar services:

   VTS radar service (basic, standard, advanced)

 Oil spill detection

 Precipitation/squalls alert service

  Security detection, tracking and classification service (Kongsberg 
Norcontrol IT-funded).

All these services are to be provided by single radar connected 
to a single radar video extractor and tracker, which is to apply one 
simultaneous parallel processing chain for each service. The signal 
processing requirements for each service are very specialized 
and significantly different from the others. To ensure that all 
services produce high quality results and to avoid their seemingly 
incompatible radar requirements, a SharpEye solid-state radar is 
used to provide short pulse resolution with long pulse equivalent 
power at all ranges.

For the purpose of thorough evaluation the SharpEye radar also 
operates at X-band and S-band, which will allow the C-Sharper 
project to evaluate how each band can best contribute to each 
radar service. The C-Scope Extractor and Tracker from KNC is 
able to process the two radar signals simultaneously.

The two-year project will take place in Singaporean waters 
and includes extensive radar data collection during different 
environmental phenomena, optimised detection and tracking 
potential for each of the radar services.

Maximising radar performance for 
safer, cleaner ports
Dr. Jose Navarro, Kongsberg Norcontrol IT AS, Horten Norway

Raw radar imaging will be used as part of the C-Sharper project.

The C-Sharper project will evaluate the capability of a single radar installation 
to provide VTS radar with other services.

The project will also look at the use of weather radar.

Kongsberg Norcontrol IT has developed, designed and installed complex and 

effective maritime surveillance solutions for more than 30 years. Since our first 

Vessel Traffic Service system delivery to Tees and Hartlepool Port Authority in 

1979, we have gained invaluable experience. With a reference list rapidly 

approaching 250 installations in more than 40 countries, Kongsberg Norcontrol 

IT remains at the forefront of the market. Our customers know we always deliver, 

we deliver on time and we provide high-level support.

Steve Guest

Marketing and Sales Director

Email: steve.guest@kongsberg.com
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“For the past few years, a lot of container terminals have 
competitively adopted tandem quay cranes without full  
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utilized in actual operation after the initial investment 
has been made.”
‘Tandem operation and double cycling in container terminals’, page 73.

CONTAINER HANDLING 
FEATURING TERMINAL LOGISTICS
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Abstract
The next generation of robotized terminals will benefit from 
the latest solutions and technology. What are these solutions that 
will beef up the productivity of these terminals? In a simulation 
supported analysis, the small, but all feasible steps are compared on 
their impact to ship productivity. The analysis shows that with the 
right measures, a fully robotized terminal can live up to today’s 
requirements from shipping lines to turn around even the biggest 
vessels in a short period of time.

Introduction 
What makes the myth about non-performing fully automated 
(robotized is the better word) so strong? How can it be that in 
the simulated world, the planned – and as such to be built – 
automated terminals perform well (above 35gmph under peak 
circumstances), and not in real life? This question we have asked 
ourselves, also to critically review our simulation models. 

In order to do so, we started from one of the current state-of-
the art fully automated facilities, and added latest improvements to 
the model to see whether we could increase the performance to 
levels that we do not experience in practice (yet). We used TBA’s 
own proven container terminal simulation suite TimeSquare to 
quantify the effects of each adjustment individually. 

In this article we describe this step-wise improvement approach 
from an imaginary existing terminal with Dual RMGs and AGVs, 
as would have been constructed in the 1990s. For each step 
towards a state-of-the-art terminal with Twin-RMGs and Lift- 
AGVs we show the effect on productivity of the various involved 
equipment types. 

Starting scenario: a Year 2000 automated 
terminal 
Our starting terminal is a fictitious terminal with 16 double 
trolley quay cranes (backreach interchange, with platform 
between the legs) on a 1,500m quay. The yard consists of 35 stack 
modules with dual cross-over (or nested) RMGs. Cross-over 
RMGs are stacking cranes that can pass each other (one is smaller 
and can pass the larger one underneath). Because of the passing 
ability, both RMGs are able to serve both the waterside and the 
landside transfer area in the perpendicular stack layout. Waterside 
transport is done by lift-on lift-off (LOLO) Automated Guided 
Vehicles (AGVs), which are pooled over all quay cranes. All 
modeled equipment has technical specifications as is appropriate 
for 10-year-old equipment. 

The terminal is suitable for a yearly throughput of 2.2 million 
TEU (TEU factor 1.65); there is less than 5% transshipment. 
In peaks all 16 quay cranes will be deployed, and the peak gate 
volume equals 320 containers per hour. The yard can be stacked 
to four-high, and the peak yard density equals 85%. 

We have run an eight-hour peak period with the simulation 
model to get the reference quay crane productivities of the 
starting scenario. The results are shown in Figure 1. In the 
remainder of the study we will specifically focus on a situation 
with five AGVs per QC (on average; they are pooled over all 

QCs). We will see how the 25.5 bx/hr can be improved by 
implementing several changes. 

Step 1 – improvement 1: replacing dual 
RMGs by Twin RMGs 
The first step in which dual RMGs are replaced by Twin RMGs 
consists of a couple of related adjustments as well. We summarize 
the different adjustments and describe their expected influence on 
the terminal productivity: 

Use Twin RMGs instead of cross-over RMGs: twin RMGs are 
identical RMGs that cannot pass each other. As a result they can 
only serve one side of the stack (under typical yard layouts, either 
landside or waterside). This reduces flexibility and can have a 
negative impact on productivity. On the other hand, those RMGs 
are slightly faster than the ones in the standard scenario (4.0 m/s 
instead of 3.5 m/s gantry speed). 

The yard layout is adjusted: 

  There is no need for two pairs of rail to support a large and a 
small RMG; both RMGs drive on the same rail. On the same 
space we can fit 41 modules instead of 35 modules. This means 
that more RMGs will be deployed: 82 instead of 70. This can 
cause an increase in performance. 

 Storage capacity is increased by 19% because of the layout 
adjustment. In the model we will keep the yard density at 
85%, which means the terminal can accommodate a higher 
throughput. Although this would also increase the gate volume, 
we keep the gate volume at 320 bx/hr in this step; it will be 
increased later. 

Results 
As shown in Figure 2, our simulations show an overall 
productivity increase in quay crane performance of 0.5 to 1.5 
bx/hr (+0.9 bx/hr at 5 AGVs per QC, equals +4%). This is the 
combined result of having more and faster RMGs in the terminal 
against having less flexibility in job assignment. 

The highest impact can be seen on the landside. With dual 
RMGs we had a two RMGs per stack module that could 
work on the waterside, but because of their limited speed, both 
actually needed to work on the waterside to achieve acceptable 

Optimizing automated container 
terminals to boost productivity
Dr. Yvo Saanen, Principle Consultant, & Arjen de Waal, Senior Consultant, TBA, The Netherlands

Figure 1. Here we are today: Quay crane productivity in our start scenario.
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performances. This had a negative impact on the landside with 
long service times: over 10 minutes service time, meaning trucks 
had to wait at the RMG transfer zone for more than 10 minutes 
before their container was processed, on average! 

The truck service times drastically decrease when we use twin-
RMGs, with one RMG dedicated to the landside. Trucks are 
processed six minutes faster in the ‘Improvement 1’ scenario with 
twin RMGs, as shown in Figure 3.

Step 2: increasing terminal throughput 
In Step 1 we mentioned a 19% increase in storage capacity 
because of the fact that more stackmodules with twin-RMGs fit 
in the same space as stackmodules with dual-RMGs. 

In this step we also increase maximum stacking height from 
four to five. The dual-RMG layout cannot cope with a higher 
stack because the RMGs were already performing at their 
maximum capacity (consider the long truck service times caused 
by vessel productivity demand requiring both RMGs for vessel 
jobs from time to time). The twin-RMGs should be able to 
process a larger volume because they are faster (4 m/s instead of 
3.5 m/s) and there are more cranes (82 instead of 70). 

The overall throughput increase equals 119% * 125% = 48%. 
This means the yearly throughput can be 3.2 million TEU. The 
gate volume increases to 470 boxes per hour. If the 16 quay cranes 
should be able to achieve 48% higher peak throughput as well, the 
cranes must perform 40 to 42 bx/hr. 

Note: We consider linear increases in throughput and peak volumes. 
Of course these numbers are dependent on other factors too (such as berth 
capacity), but we ignore those factors in this study. 

The increased volume causes a larger demand on landside peak 
handling and a higher stack leads to more unproductive moves too 
(shuffles), so the demand on the RMGs is significantly increased. 
We will find out how badly this influences the performance. 

Results 
The impact on quay crane performance is negligible. With an 
increasing amount of AGVs the performance drops with 1%, as 
shown in Figure 4. 

The landside performance shows a bigger impact. Although 
the RMGs can handle the increased volume, the service times 
increase. Trucks delivering a container to the yard need to wait a 
minute extra on average; trucks picking up a container at the yard 
wait an additional two minutes (Figure 5). 

Figure 6 shows the status distribution of the RMGs, divided 
in RMGs processing the waterside (WS RMG) and RMGs 
processing the landside (LS RMG). Although they are dedicated 
to do productive moves of their corresponding side, they can do 
unproductive moves for either side. This is why the WS RMGs 
show a large increase in ‘shuffle move’ status when they execute 
shuffles for the gate moves. This takes the stress off landside 
RMGs that need to handle more trucks. 

In future steps we will see whether the waterside volume can 
be increased as well. 

Figure 2. Quay crane productivity with improvements (1) compared to start 
scenario.

Figure 5. Truck service time – step 1 versus step 2.

Figure 3. Truck service – standard scenario versus Step 1 per QC.

Figure 4. Quay crane productivity – Step 1 versus Step 2.
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Step 3: replacing AGVs by Lift-AGVs 
LOLO AGVs require a ‘hand-shake’ interchange with RMGs at 
the yard. This causes waiting times for both RMGs and AGVs, 
because for almost every move one of them has to wait for the 
other to arrive. This hand-shake can be excluded from the process 
by using Lift-AGVs instead of AGVs. Lift-AGVs are able to 
place and take containers from a platform located in front of the 
stack modules by using a lift mechanism. RMGs place and take 
containers from the platform as well. 

In this step we use Lift-AGVs with – besides the lifting ability – 
the same specs as the 10-year-old AGVs. 

Changes and expected effects: 
Unlinked interchange between Lift-AGV and RMG reduces 
waiting time for both equipments. This should increase overall 
terminal productivity. 

Lift-AGVs need to make an additional stop in front of the 
container rack to lower or hoist their platform. This is an extra 
move in their routing process and costs additional time (15 – 25 
seconds per stack visit). This decreases productivity. 

The container racks require more space than interchange 
positions for AGVs. Therefore only four racks fit in each stack 
module interchange zone instead of five parking slots for AGVs. 
This reduces flexibility and has a negative effect on performance.

Results 
The quay crane performance increases with 3 to 3.5 bx/hr for 
any number of vehicles per crane. The reduced waiting times 
largely outweigh the longer drive times and fewer transfer points, 
as shown in Figure 7. 

Figure 8 shows the move duration per box of the AGVs and 
lift-AGVs. In the left column for AGVs you can see a large 
portion of the time is consumed by ‘Interchanging at RMG TP’, 
2.6 minutes per box, which represents the waiting time for the 
hand-shake with an RMG.

The right column for Lift-AGVs shows a slight increase 
in dr iving times (because dr iving requires an additional 
action: lifting in front of rack), but also a huge reduction in 
‘Interchanging at RMG TP’: only 0.3 minutes (20 seconds). 
Lift-AGVs are approaching quay cranes generally a bit earlier 
now, which causes ‘Waiting for QC approach’ to increase; this 
represents waiting for a free transfer point under the quay crane 
or waiting for correct sequence. 

Figure 9, the graph with RMG status is not changing much, 
except the absence of status ‘Waiting for vehicle’ in experiments 
with lift-AGVs. The RMGs have more idle time remaining, 
hence increased possibilities to do more moves. 

Figure 6. RMG status – step 1 versus 2.

Figure 8. Vehicle status – step 2 versus step 3.

Figure 7. Quay crane productivity – Step 1 versus Step 3.
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Step 4: using state-of-the-art Lift-AGVs
In previous step, we used Year-2000 AGV technical specs for the 
Lift-AGVs. Now we increase the driving speeds according to 
latest standards: 

The new Lift-AGVs can drive faster straight, faster in curves, 
and decelerate faster. This should cause shorter driving times per 
box, and hence increased QC productivity. 
The quay crane productivity increases significantly again: with  
4 to 5 bx/hr, as shown in Figure 10.

The quay crane productivity increase is caused by the huge 
reduction in Lift-AGV driving times per box. They only drive  
5 minutes per box now, while this used to be 6.5 minutes. The 
Lift-AGVs generally arrive at the quay cranes earlier again, 
just like in Step 3, which causes an increase in waiting time to 
approach the quay crane transfer area, as shown in Figure 11. 

Figure 10. Quay crane productivity – Step 3 versus Step 4.

Figure 9. RMG status – step 2 versus step 3.
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Note: average driving speed increased from 7 to 9.5 km/hr.

Step 5A: more opportunity moves 
The yard couldn’t handle more moves in the original situation to 
make it beneficial to handle more than 10% of the containers with 
twin-lift moves at the quay cranes. After Step 4, both the waterside 
and the landside RMG in the stack modules had 19% idle time. To 
make use of this spare time, we increased the twin-lift percentage 
at the quay cranes. We assume most 20-foot containers could be 
twin-lifted when planned right. Because of this, and given the 
TEU factor of 1.65, the twin-lift percentage is increased to 30%. 

Expected effects: 
The quay cranes can handle more containers per cycle (per 
move). If the container supply can be increased the productivity 
will go up. Maximum expected performance increase equals 18% 
(130%/110% boxes/cycle). 

The RMGs need to supply more containers faster. Their idle 
time will decrease and productivity will increase. 

Results 
The quay crane productivity is increased with some 3 bx/hr, or 10%, 
as shown in Figure 12.

The quay crane performance increase is only possible 
because the RMGs were able to supply more containers to the 
interchange racks (and take more containers from them). The 

top graph in Figure 13 shows that each stack module was able to 
process one additional vessel job per hour: 14.3 instead of 13.1. 

The increase in productive moves causes the time spent on 
productive moves to go up from 62% to 66%, as shown in the 
bottom graph, Figure 13. Idle percentage decreased from 19% 
to 16%. The remaining idle time shows there is still room for 
improvement. 

Step 5B: faster quay cranes (and NO 
increased twin percentage) 
The (1990-2000) dual trolley quay cranes in the original 
scenario and that have been used up to now, are relatively slow. 
The landside hoist has an average cycle time of 99 seconds. With 
modern cranes cycle times of 63 seconds should be possible. The 
kinematics of the cranes in the model have been adjusted in Step 
5B to be able to make cycles of 63 seconds. 

Expected effects: 
The quay cranes can make more cycles per hour and hence 
productivity should increase. Waiting times for Lift-AGVs at the 
quay cranes should decrease since the cranes need less time per 
move, and hence can serve the next Lift-AGV sooner. 

Figure 13. RMG productivity / RMG status – step 4 versus 5A.

Figure 11. Vehicle status – step 3 versus step 4.

Figure 12. Quay crane productivity – Step 4 versus Step 5A.
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Results 
The quay crane productivity increases by 5 to 7 bx/hr, or 20%, 
as shown in Figure 14. Other effects that were observed after this 
adjustment: 
  The quay crane status representing productive activity decreased 
from 90% to 65%. 
  The lift-AGV waiting and interchange times at quay cranes 
decreased from 220 to 100 seconds per box processed. 
  The idle percentage of waterside RMGs decreased from 19% 
to 11%, and productivity increased from 62% to 73% (note: the 
differences do not even out because the landside RMG took 
over more unproductive work when the waterside productivity 
was increased) 

Step 6: all adjustments combined 
The final step is a comparison between the start scenario and 
all adjustments described in the previous steps. We will see the 
overall impact on performance levels. Quay crane productivity has 
increased with 17.2 bx/hr in the experiments with five vehicles 
per QC – or 68%! Remember that in Step 2, with the increased 
throughput, we already stated that QC productivity needed to go 
up to between 40 and 42 bx/hr and this goal has been achieved. 

The increased quay crane productivity is only possible with 
more efficient Lift-AGVs and RMGs. Figure 16 shows that the 
Lift-AGVs in the final scenario only need 7 minutes to complete 
one container move, while originally the AGVs needed 11 minutes. 

With the increased waterside productivities the stress on the 
yard has increased as well. The terminal throughput and according 
gate volume cause additional moves in the yard. The gate report 
shows that the RMGs are able to cope with this increased 
demand, because 460 truck moves have been handled and the 
truck service times are still acceptable,  as shown in Figure 17. 

The increased demand on the yard is represented in the graph 
with RMG moves per stack module. In Step 6, the two RMGs in 
each stack module executed 17.6 vessel boxes and 11.7 gate boxes 
per hour, about 50% more than the original scenario. 

Meanwhile the number of housekeeping moves has been 
heavily reduced, as shown in Figure 18. This is not because there 
is less time, but because there is less need to do those moves. In 
the original scenario with dual RMGs, the RMGs often had 
to drop stack-in containers as fast as possible to cope with local 
peak demands. Those containers needed to be transferred further 
away from the interchange areas later to make that space available 
again for use during new peaks. The twin-RMGs didn’t have that 
need, because they were able to deliver stack-in containers to 
good slots immediately. 

Figure 16. Lift-AGV status time per box – standard scenario versus Step 6.

Figure 17. Truck service time – start scenario versus step 6.

Figure 14. Quay crane productivity – Step 4 versus Step 5B.

Figure 15. Quay crane productivity – start scenario versus step 6.
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The status chart of RMGs shows that the RMGs in both the 
standard and the final scenario are approaching their limits of 
activity, as shown in Figure 19. With less than 10% idle time there 
is too little flexibility to cope with local peaks in the yard. 

Conclusions 
In this paper we described a step-by-step approach to improve 
existing largely automated terminals to state-of-the-art terminals 
and what each step can bring. Besides faster truck and vessel 
handling the described adjustments lead to a throughput increase 
of almost 50%. 

Actually adjusting existing terminals with the described 
changes is a costly and time-consuming operation; this may be 
a bridge too far. However, this study shows how important it 
can be to build new terminals according to the latest technology, 
because the performance is highly dependent on this. 

Furthermore, the study proves that although the results of 
simulations seem to be too high compared to current experience, 
the steps from today’s state-of-the-art – which can be validly 
represented in the same type of simulation model – to the future’s 
state-of-the-art are concise and largely doable. This provides a solid 
and prosperous outlook for tomorrow’s fully automated terminals!

Arjen de Waal (MSc) is a senior consultant at TBA, 

specializing in terminal optimization. He joined TBA 

in 2001, and has carried out many large simulation 

studies focusing on conventional and automated 

terminals. He has been part of TBA’s team working 

on Euromax, Antwerp Gateway, APMT Virginia, 

London Gateway, and APMT Maasvlakte 2. 

Dr. Yvo Saanen (PhD, MSc) is principle consultant 

at TBA, managing TBA’s port-related projects. 

He founded TBA in 1996. Today he oversees all 

projects, and is still actively involved in designing and 

optimizing terminals.

TBA  is a leading international provider of 

consultancy and software. Its product and service 

portfolio concentrates on marine terminals and 

container terminals. TBA’s current clients include all 

major terminal operators worldwide, many local port 

operators, airports, and manufacturers. TBA provides 

expert consulting on planning for equipment 

requirements and performance characteristics. 

TBA provides modeling of environmental impacts 

of equipment and terminals in conjunction with 

specialist environmental firms.

TBA Netherlands

Karrepad 2a, 2613 AP Delft

The Netherlands

Tel: +31 (0)15 380 5775

Email: info@tba.nl

Web: www.tba.nl

ABOUT THE AUTHORS ABOUT THE COMPANY ENQUIRIES 

Figure 18. RMG productivity – start scenario versus step 6. Figure 19. RMG status – start scenario versus step 6.
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For day-to-day operations, the TraPac Terminal at the Port 
of Oakland relies on an agile work force, a flexible fleet of 
container-moving equipment, and sophisticated scheduling 
techniques to coordinate the flow of thousands of containers 
across its facility. And to find solutions that keep TraPac ahead of 
burgeoning demand, the terminal often relies on AECOM – a 
global design consultant that has delivered decades of local service 
to Port of Oakland tenants.

The berth of U.S. containerization 
The Port of Oakland was the first U.S. port to design marine 
terminals specifically for container operations. The initial two-
berth installation, now known as the Ben Nutter Container 
Terminal, was completed in 1965 on a greenfield site adjacent 
to the Alameda/Oakland estuary. The gambit paid off; in 1962, 
Oakland was processing about 2.5 million tons of cargo a year.  
By 1972, the volume had jumped to 6.5 million tons.

Market specialization
Each of the gateway terminals on the West Coast has its own 
traditional market. The ports of Los Angeles and Long Beach are 
primarily import destinations. Large ships come in to offload, 
often taking empty boxes back to the Pacific Basin. With its 
large outbound volume of regionally produced electronic and 
agricultural products, Oakland is somewhat more balanced in terms 
of imports and exports. In fact, Oakland has become a second port 
of call for Southern California ports; ships that initially offload in 
Long Beach and Los Angeles will often proceed to Oakland to 
pick up Asia-bound cargos. The robust Northern California market 
consumes a large portion of the imports arriving at Oakland, with 
only 20-30% of that cargo proceeding inland by truck, rail, or both. 

Market expansion
With the global economy surging (notwithstanding the recent 
downturn), the Port of Oakland needed to expand. So as 
container operations grew, sites adjacent to Oakland’s Ben Nutter 
Terminal were developed into additional container terminals. 
These early 40- to 60-acre terminals were wheeled operations, 
usually serviced by one berth, with containers stored in the yard 
one-high on street chassis.

AECOM’s involvement at the Port
AECOM Technology Corporation, a global design firm, has been 
involved in design, master planning, and program/construction 
management for Port of Oakland clients over the past 40 years. 
The firm has supported TraPac’s evolution for almost 20 years.

Evolution of the TraPac terminal
The initial TraPac Terminal – operated by TraPac, a subsidiary 
of Mitsui O.S.K. Lines Ltd. – was designed in 1993 by a unit of 
AECOM (JWD Group at the time). It was primarily a wheeled 
operation. AECOM later designed terminal enhancements to 
increase efficiency and container storage capacity by grounding 
empty containers and introducing top-pick operations. 

With the advent of the double-stack container train and the 
introduction of post-Panamax container vessels in the Pacific, the 
Port of Oakland became a major gateway linking Asia to North 
America. The surge in capacity helped the global economy evolve 
and prosper, and this expansion induced TraPac to implement 
newer technologies. An AECOM-designed rubber-tired gantry 
(RTG) system was incorporated into the TraPac Terminal to 
further densify container operations and improve container 
selectivity. Leaving most containers on wheeled chassis was 
no longer feasible; the terminal had to stack containers on the 
ground to accommodate increased throughput.

The last precious chunk of land
Some relief was forthcoming; after the Oakland Naval Supply 
Center was closed and the U.S. Navy ceded the land to the Port 
of Oakland, the Port launched a building campaign known as the 
Vision 2000 program. AECOM provided master planning and 
design services to the port, adding two new world-class container 
terminals and the new BNSF intermodal rail terminal to the Port’s 
inventory. This was accompanied by consolidation and expansion 

Present tense, future perfect: optimizing 
terminal operations
Robert S. Johansen, PE, Associate Vice President & Director – Ports and Marine Planning, AECOM, Oakland, CA, USA

AECOM has been providing master planning services for automated container 
handling systems for over 15 years.
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of the UP and SP intermodal rail facilities. The concurrent 
realignment of Seventh Street gave TraPac an additional 12 acres of 
space, which AECOM designed to accommodate two new RTG 
runways and additional top-pick container storage.

With container ships getting ever larger and intermodalism 
taking hold, Oakland’s container terminals needed to expand even 
further. Matson Navigation moved to a larger terminal, freeing 
up some land for further development. In 2004–2005 AECOM 
provided master planning services to divide this property into 
the two adjacent terminals. AECOM also worked on a team with 
Liftech Consultants to upgrade and expand the old Matson wharf 
facilities to accommodate modern container cranes. This allowed 
both Ben Nutter and TraPac to increase their berth and yard 
storage capacities.

During 2004–2006, AECOM provided master planning 
and conceptual design services to expand the container yard 
and upgrade TraPac’s truck entry and exit gate facilities. New 
technologies using OCR and PTZ cameras were incorporated 
to accelerate processing at the gate. AECOM is currently helping 
TraPac design a further gate expansion, adding two new high-
technology entry gate lanes to accommodate heavier projected 
traffic flows.

Increasing throughput 
With just two berths to service incoming ships, the TraPac Terminal 
is one of Oakland’s smaller operations. But as terminal manager 
Mike Porte points out, “TraPac processes several hundred trucks 
a day, which translates into 900 to 1,200 gate moves per day. And 
the five or six ships that berth at TraPac every week generate some 
2,500 to 3,500 container moves of their own. It is a lot of activity.”

Since terminal enhancements have to be implemented without 
impeding live operations, Porte sees the current economic 
downturn as an opportunity to upgrade the terminal before 
demand rebounds. Several initiatives are under way to help the 
TraPac Terminal densify and work smarter and faster. 

Porte explains: “We’re transitioning into an upgraded system that 
uses radio frequency identification, optical character recognition, 
and GPS technology in order to better track cargo handling 
equipment – all of which enhances processing efficiencies. We 
tasked AECOM to design an in-gate project so we can make 
the physical truck movements more efficient as well. With their 
intimate knowledge of our operations, they were the logical pick.”

By the numbers
The TraPac Terminal handles all those trucks and containers 
– several thousand every week – with a surprisingly small staff. 
Porte explains: “Let’s say a ship requires 600 to 700 moves, and the 
load is spread out where we could use three cranes on one shift. 
We’d assign, on average, 20 or so people per crane, and that total 
of 60–65 people would be able to process 25 to 35 units per hour 
per crane. We also normally have 15 to 30 people handling gate and 
yard operations, plus a maintenance staff of 15–20 on duty per day.” 

Simulation modeling
Throughput speed is essential, so the terminal makes the most of 
the space it has. “We have to know where we can put containers 
at all times. If a ship is delayed we may have to find a new space 
for its inbound or outbound load, so we have to be prepared to 
plan space allocations hour by hour and day by day, as well as 
week to week,” says Porte. 

AECOM’s proprietary simulation modeling software packages 
are helping with that. Developed in-house to meet the fluid needs 
of the terminal, ‘SimMod’ is used to model and integrate break 
bulk, containers, rail, and truck operations. The system predicts 
berth capacity, yard operations, and traffic flows. It also is used to 
properly size gate facilities and determine the associated truck 
queuing space at each stage of the gate process. 

Design decisions are based on these modeling tools, which can 
also measure environmental effects, pollution, wait times, and the 
impact of design decisions. SimMod can show the best array of 

The Port of Oakland was the first U.S. port to design marine terminals for container operations.
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cranes, forklifts, space allocations, and manpower assignments to 
handle a ship visit expeditiously. The simulator can be tuned to 
support any terminal’s operations. 

Security
While all that cargo is being moved between ships and trucks, the 
terminal must work closely and effectively with the Transportation 
Security Administration. Containers exiting the gate pass through 
a series of radiation detection portals. Selected containers are 
arrayed in the yard for inspection by mobile units that can detect 
explosives and contraband. All truck operators are required to 
carry a Transportation Worker Identification Credential (TWIC) 
card. If an incoming truck or operator cannot be electronically 
verified, the load is diverted to a centralized inspection point so 
that the gate isn’t tied up while the problem is resolved. 

What’s next for the TraPac terminal?
Automation
Globally, AECOM has been providing master planning services 
for automated container handling systems for over 15 years. Labor 
negotiations finally broke through the logjam blocking domestic 

automated terminals in the early 2000s – and APM Terminals 
(APMT) opened the United States’ first automated terminal at 
the Port of Virginia in 2007.

With no more real estate available, TraPac’s Mike Porte is 
constantly looking for better ways to manage the assets he can 
control. So he is particularly interested in APMT’s automated 
system in Virginia; it uses artificial intelligence to process 
containers day and night. Porte explains: “When we take 
containers off a ship, we initially just stack them as they come. 
Inevitably, some consignee will want a container that’s at 
the bottom of the pile. A machine operator expends time and 
money getting to it. But with the automated system, yard cranes 
could continue to operate after the gate closes at night. As one 
important example, they could move import containers toward 
the truck-loading end of the stacks and export containers 
to the ship-loading end. This process, combined with a gate 
appointment system, can make the right box available at the 
right time. The system concurrently pre-stacks containers for an 
outgoing ship. The automated system essentially just continues to 
‘sort the deck,’ affording greater optimization and efficiency. We’re 
taking a hard look at that innovation.” 

Accommodating union concerns
Unions are concerned about automation; they have a legitimate 
interest in preserving jobs and protecting workers in an 
inherently hazardous environment. The terminal works hard to 
accommodate those concerns without degrading its competitive 
position. As Porte points out, one automation agreement included 
provisions to offset job losses in cargo handling with guaranteed 
maintenance work. Porte also notes that “increasing automation 
in the yard means there could be relatively more ‘office 
environment’ types of jobs. For union workers who make that 
transition, that’s a much safer working condition.” 

Environmental concerns
TraPac shares the Port’s commitment to being a good 
environmental steward. To meet requirements established by the 
California Air Resources Board (CARB), the terminal ensures 
incoming trucks comply with CARB emission limits. Gate 
processing software helps minimize the pollution generated by 
idling trucks. The Port Authority and TraPac Terminal are looking 
into retrofitting its berths to support ‘cold ironing,’ an innovation 
that supplies shore-based electrical power to docked ships. This 
allows them to turn off their engines and auxiliary generators 
while at berth. Three plugs are being considered for each berth 
so that most retrofitted ships – regardless of design or docking 
configuration – can plug into the regional grid once the system is 
implemented.

Conclusion
The global economic downturn has tempered the demand 
for increased velocity and throughput at West Coast container 
terminals. The TraPac Terminal is using the lull to upgrade its 
systems – mechanical, electrical, and operational – before the 
crush resumes. And modern technology is driving the TraPac 
Terminal’s growth and competitive standing in the dynamic 
marine community.
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The TraPac terminal services five or six ships each week, generating some  
2,500 to 3,500 container moves.
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Flexible motor couplings – torsional rigid 
or torsional elastic? 
The question is not a new one: should elastic couplings (with 
a rubber element inside) or rigid couplings (typically Gear-
Couplings) be applied in cranes? Elastic couplings have been 
required formerly to absorb and compensate the high peaking 
starting torque developed by the motors. But in today’s 
world, there are almost all motors (specifically hoist motors) 
controlled by frequency converters, providing smooth and 
mostly torque constant acceleration without any peak starting 
torques. Also, electric insulation between drive components 

is not a reason any more to go for elastic couplings, since 
Gear-Couplings can be provided with electric insulation as 
well. So the main reason today to go for elastic couplings is 
that those couplings do not need grease and they are almost 
maintenance-free.

Maintenance of couplings 
Elastic couplings do not need lubrication, and thus have 
no problems with grease leaks at all – but the elastic (rubber) 
part of those couplings is subject to wear and frequently needs 
replacement. The lifetime of a gear coupling is in fact much 
longer than the lifetime of any elastic part. 

Some customers would like to change their elastic couplings 
for this reason, but hesitate to convert the elastic couplings 
to gear couplings for two main reasons. On the one hand, a 
conversion usually means replacing the complete coupling, 
including the hubs and brake disc, with the necessity to move 
at least the motor backwards and re-align the drive after the 
conversion is done. On the other hand, customers are afraid 
that after the conversion they may not be happy with the gear 
coupling, and re-converting back to an elastic coupling results 
further expenditure of time and money.

Solution
The solution for all this provided by Malmedie is now on the 
market and is called the S-NX gear-coupling. It is available as 
a complete coupling or as a conversion kit. The ‘inner’ (geared) 
parts of the S-NX coupling are of the same dimensions as the 
‘inner’ (elastic + claw ring) parts of the SDDL and equivalent 
ser ies, which are the most common elastic couplings. 

The new standard solution for 
container crane motor couplings 
Christof K. Lautwein, M.A.T. Malmedie Antriebstechnik GmbH, Solingen, Germany

Typical elastic claw ring coupling.

S-NX gear coupling. S-NX conversion kit.
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T h i s  d i m e n s i o n a l 
compatibility ensures 
a very easy conversion  
from elastic to gear 
c o u p l i n g s . Fo r  a 
conversion it’s only 
required to take out 
the claw r ings and 
elastic part from the 
e x i s t i n g  c o u p l i n g 
and insert the S-NX 
conversion kit (geared 
p a r t s ) . Th i s  wo rk 
takes not more time 
than just  replacing 
the e la s t ic  r ing a s 
such. The gear- and 
motor-side hubs and 
the brake disc can be 
kept in place and a 
re-alignment of the 
drive is not required.

M o r e o v e r , 
considerable effor ts 
have been spent to 
improve the  gear-
coupl ing des ign as 
s u ch . The  g e a re d 
par t  o f  the  S-NX 
( m a d e  o f  h i g h -
g rade forged steel) 
is fully encapsulated 
and provided by the 
manuf acturer, with 
a  long- l i f e  g re a s e 
filling. Re-greasing is 
not required (similar 
to encapsulated ball 
b e a r i n g s )  a nd  no 
external seals needed 
to be fitted dur ing 
installation. And just 
in case: all parts can, 
of course, be replaced 
later without moving 
the drive or gearbox.
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Introduction
In my personal opinion, container terminals are made up of 
primarily four elements: equipment, process, operation system and 
manpower. Normally these four elements are developed keeping 
pace with one another, but sometimes the balance between 
them can be broken. In particular, the case that confuses terminal 
operators is often because the process can not catch up with the 
advancement of equipment – a typical example is the advent of 
quay cranes equipped with tandem spreaders.

In spite of rapid propagation of tandem quay cranes 
worldwide, those aren’t fully utilized because the process hasn’t 
been developed to back up tandem operation. Therefore, I 
intend to present problems and compensations on tandem 
operation to set up the appropriate process on the basis of the 
results of tandem discharge operation that has been performed 
dur ing May and June 2011 at Pusan Newport Co. Ltd.  
I personally think we should settle down tandem operation by 

all means because we have already invested extra funds in quay 
construction and manufacturing tandem quay cranes to perform 
tandem operation. I am convinced that tandem spreaders can be 
well used, although restricted, in actual operation. This article 
concentrates only on dual hoist tandem spreaders as shown in 
below Figure 1. 

Preconditions 
The primary precondition to be considered for dual hoist 
tandem spreaders operation is that tandem spreaders don’t 
allow a height difference of more than 35cm between the two 
40-foot containers to be handled at one time. Therefore, tandem 
operation should be targeted at bays in rows of the same tier. In 
addition, the difference in the number of high-cubic containers 
stacked in each row in a bay should be only one or zero, 
otherwise preparation must be done prior to tandem operation to 
adjust the height difference between rows.

Tandem operation and double cycling 
in container terminals
The effective use of dual hoist tandem spreaders 
Jang-Ho Song, Duty Manager, Pusan Newport Co. Ltd., South Korea

Figure 1. Dual hoist tandem spreader.
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The second precondition is that bays that are mixed with full 
and empty containers should be excluded from tandem operation. 
We cannot expect productivity to increase by tandem operation 
in this case, because hoist speeds are sharply reduced by the 
weight difference between containers handled by the tandem 
spreader at the same time.

The third one is to make an even number of rows in the target 
bay before tandem operation begins. If it is composed of odd 
number rows, the preparation should be conducted by the single 

spreader first, until the number of rows become even. This is 
because hoist speed is reduced sharply when a single operation is 
done with a tandem spreader.

The last precondition is the number of yard tractors to be 
deployed for tandem operation. Tandem operation requires 
at least eight yard tractors per tandem quay crane for smooth 
operation and in order to reduce the time the quay crane  
must wait for two yard tractors to be aligned with the 
containers lifted.

Figure 2. New paradigm on pinning station for tandem.

Figure 3. Actually applied pinning station.
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The pinning station 
The most important factor to be considered for tandem discharge 
operation is to set pinning station optimal, and there are several 
methods to set it up. My previous article, ‘New paradigm on 
the lashing process’ [1] discussed performing tandem and single 
operations at the same time. I, however, excluded the method in 
the past tandem operation because it requires extra devices inside 
yard tractors with extra cost. The pinning station adopted here 
has been slightly transformed from existing pinning stations using 
existing numbers of lashers and hatch-clerks (tally-men) as shown 
in Figure 3. 

During discharge, provided the conditions for tandem 
operation are met, the lashers and pinning station of each specific 
quay crane move forward to detach the cones. The hatch-clerk 
(tally-man) works continuously at the same position under 
the quay crane so that he can check damages in discharged 
containers correctly and swiftly. 

In particular, when four 20-foot containers are discharged at 
a time by tandem it is very important to reduce yard tractors’ 
waiting time while lashers to detach cones from discharged 
containers. With one more hatch-clerk and two more lashers 
deployed, the productivity would be better.

The two yard tractors simultaneously taking discharged 
containers from each quay crane should proceed one by one 
to the pinning station located in front of the quay crane to 
avoid congestion and to ensure the lashers are not in danger of 
accident. Of course, when 40-foot containers are discharged from 
below deck, the yard tractors can start to yard blocks without 
dropping the pinning station. 

Yard operation methodology 
The concentration pattern is more suitable than the scattering 
pattern for tandem discharge because the former can assure 
operators of definite work flow with the same turning cycle 
of yard tractors. If the yard tractors were assigned to other bays 
and blocks in a scattered manner, quay cranes’ waiting time for 
two yard tractors to be aligned will increase due to the irregular 
turning cycle of yard tractors. In this case, however, to ease 
monitoring and to avoid congestion, yard assignment should be 
done separately per quay crane conducting tandem operation.

This is partially in accordance with the concept of my article, 
‘The efficient yard operation methodology in consideration 
of RMGC characteristics’ [2]. The concentration pattern is very 

useful when the number of RMGC to deploy is insufficient, which 
happens a lot during tandem operation. That’s why I recommend 
the concentration pattern for tandem operation. I actually had 
difficulties in ensuring the smooth flow of yard tractors under the 
condition of high yard utilization in the past tandem test period. 

Performance of crane productivities 
I acquired the following results of crane productivity during 
tandem discharge operations in May and June 2011 (shown in 
Tables 1-3), which were analyzed in various terms of work 
conditions; deck or hold, full or empty, and 20-foot or 40-foot bay.

From Table 1 we can see that the productivity of the 20-foot 
tandem is highest because four 20-foot containers can be lifted 
in one cycle. Of course, the 20-foot tandem required more yard 
tractors than the 40-foot tandem, and simultaneously it was the 
biggest handicap to us. The lowest productivity was recorded by 
the tandem operation at the bay handling a mix of 20-foot and 
40-foot containers, because of extra spreader handling time.

As shown in Table 2, the productivity at the bay which was 
composed of only empty containers was the highest, thanks to 
their light weight. On the other hand, the lowest productivity 
was shown at the bay handling a mix of both full and empty 
containers, due to reduction of hoist speed by weight difference, 
as described previously.

From Table 3 we can see the productivity on deck was also 
highest thanks to having the shortest hoist cycle. Productivity at 
both the deck and hold was lowest due to hatch-cover handling 
time and relatively poor work conditions such as cell-guide. 

Problems and compensations
According to these productivity comparisons, if tandem discharge 
operation is mainly intended for empty 20-foot containers on 

Figure 4. Scattering pattern.

Figure 5. Concentration pattern.

 Rank GMPH NMPH

20-foot bay 1 56.4 92.4

40-foot bay 2 37.4 48.9

20- & 40-foot bay 3 33.4 36.4

TABLE 1: PRODUCTIVITY COMPARISON BY CONTAINER SIZE

 Rank GMPH NMPH

Full 2 32.2 35.8

Empty 1 52.9 82.2

Full & Empty 3 38.2 49.8

TABLE 2: PRODUCTIVITY COMPARISON BY CONTAINER

 Rank GMPH NMPH

Deck 1 58.8 77.9

Hold 2 37.1 58.6

Deck & Hold 3 33.3 43.3

TABLE 3: PRODUCTIVITY COMPARISON BY STOWAGE

 GMPH NMPH

Tandem 41.1 53.9

Single 33.3 37.1

TABLE 4: AVERAGE PRODUCTIVITY (1ST HALF OF 2011)
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deck, after stowage analysis to choose optimal target positions it 
can be an effective way to raise productivity. 

Regrettably, however, there still remain many problems to 
be studied and solved in applying tandem to overall operation 
(discharging and loading for all stowage positions): 

Deployment of additional yard tractors

Time spent by quay cranes waiting for yard-tractors to be aligned

Limit on height difference between two 40-foot containers

Slowing of the hoist speed when simultaneously lifting full and 
empty containers

Improvement on the concept and process of pinning stations, 
deployment of extra lashers and hatch-clerks (in particular, 
20-foot tandem), and so on. 

For the past few years, a lot of container terminals have 
competitively adopted tandem quay cranes without full 
preparations and studies, but those should be sufficiently utilized 
in actual operation since the initial investment has already been 
made. That is a simple reason why I think the tandem process 
should be standardized as soon as possible. Current stopped 
terminal operation process should keep up with step-advanced 
equipment in a hurry, and the terminal manpower should be the 
coordinators for those two distant components. I expect some 
criticism that tandem operation is not realistic at present, but I do 
believe that tandem operation can be performed partially now.

Tandem double cycling
Double cycle is one of the most effective techniques to improve 
productivity without additional investment in existing equipment 
and infrastructure. It just needs operator training, and research on 
operation methods.

The productivity of double cycle is 1.3 times higher than that 
of single cycle, as described in my article in PTI edition 36 [2]. 
If the double cycle technique could be applied to tandem 
operation, how much can crane productivity be improved? 
Personally I am very interested in the result and I wondered 
about it throughout the past tandem discharge test. Even though 
I have not executed it at all, I will cautiously present the possible 
methodology in possible cases. 

Figure 6. Concept of tandem double cycling.

Figure 7. Target of tandem double cycling.
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Target of tandem double cycling
In this article I have already described the targets for tandem 
operation were highly limited. The target of tandem double 
cycling is more restricted because it faces more limitations on 
permitted stowage position and setting pinning stations. 

Tandem double cycling can be performed mainly for 
discharging and loading containers below deck (in the hold). First 
of all, operations should be performed using a single spreader 
until the number of rows becomes even and until the height 
difference between rows becomes narrower than 35cm. As a 
result, this first stage can be quite restrictive.

First and foremost, the containers stacked in the highest tier 
should be discharged in consideration of the allowed limitation 
on height difference between tandem spreaders in a target bay, 
such as in Figure 7, for example. Second, the section consisting 
of the adjacent rows, which have the same number of stacked 
containers, can be chosen. Finally, tandem double cycling can 
only target the yellow part in above Figure 7.

The formula used to find the optimal starting point of double 
cycling to maximize its frequency, which was highlighted in 
PTI edition 36, is not applied here because the target contains 
only the rows that have the same number of stacked containers 
through prior arrangement.

The virtual pinning station 
It is true that tandem double cycling necessitates more 
complicated processes at pinning stations. In particular, if an 

additional platform is installed ahead of the existing pinning 
station, it will ensure smooth operation and the safety of field 
workers. The cones are partially detached in the pinning station 
under the quay crane by two lashers, as shown in Figure 8. One 
extra lasher on the platform detaches the remaining cones when 
the two yard tractors arrive next to the platform after. I think this 
method is safer and more effective because it is dangerous for the 
lashers to handle the cones standing in the space between two 
yard tractors.

Epilogue
Frankly, with tandem operation it is not the case that the process 
lags behind the technology of equipment; instead the latter 
advanced alone, without enough negotiation with the former. 
In other words, there has not been sufficient communication 
between the two. 

However, I am sure that the current wide gap between 
the process and the equipment can be closed when it is fully 
studied by many container terminal operators with enough 
time. In addition, I hope that one day tandem double cycling 
also becomes practical in daily operation through trial and error, 
just as double cycling has become widespread across the world.  
The best way not to fail is not to try.

Search YouTube for ‘Tandem  PNC’ for video clips of tandem, double 
cycling, yard operations, and so on at work at Pusan Newport Co.,Ltd. 

Figure 8. Virtual pinning station for tandem double cycling.
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Franz Wölfer Elektromaschinenfabrik supplies three-phase 
asynchronous hoisting squirrel cage and slipring electric motors, 
with a power range of 2.2kW to 2,000kW for all types of cranes 
throughout the marine sector, including yard cranes. 

None of Franz Wölfer’s motors can be described as a ‘standard’ 
solution application, as each is designed to meet the specification 
demanded by the crane manufacturer. As such, the company has 
a flexible approach to its design. “If we are asked to position the 
terminal box of a motor at 45 degrees rather than at 90 degrees, we 
will do it,” confirmed Mr. Sprekelmeyer, Sales Manager at Wölfer.

By having a higher pull-out torque, the company’s motors can 
be driven smoothly over a higher range of speeds, which, coupled 
with their lower inertia, gives a much shorter acceleration time and 
lower energy demand. This, in turn, gives the crane operator a more 
comfortable environment to work in.

In normal circumstances, torque would drop off to approximately 
zero if motors on cranes are operated at speeds between 1,600 and 
1,800 rpm. Wölfer-designed motors can be driven at higher speed 
with lower loss of torque. This, in turn, makes it possible to operate 
several motors in parallel in high range of speed with significant 
torque for moving load.

The company has developed an IP23 inner-cooled motor: air is 
blown through the motor itself, where the heat occurs. Standard 

motors have cooling fins that air is blown over. For motors 
mounted in a machinery house, IP23 inner-cooled motors can 
be used. This achieves the same power output but from a smaller 
unit, reducing the energy required for acceleration, as the inertia 
is much lower. Because of the lower starting current, smaller 
sizes of frequency inverters and cables can be used. Furthermore, 
the required space is reduced, as is the weight of the motors. All 
these parameters enable crane manufacturers to reduce the size 
and weight of the machinery houses on cranes and finally greater 
numbers of containers can be handled.

In total, motors from Wölfer enable the terminal operators to 
run greener terminals, as energy savings of 2% to 8% per hoisting 
application can be achieved.

Franz Wölfer Elektromaschinenfabrik Osnabrück GmbH

Industriestraße 14, 49082 Osnabrück

Germany

Tel: +49 (0)541-990 22-0 

Email: info@woelfer-motoren.com 

Web: www.woelfer-motoren.com 

Fuelling productivity, conserving energy, 
saving space
Franz Wölfer Elektromaschinenfabrik GmbH, Osnabrück, Germany
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Offering accurate sensor solutions to enhance productivity and 
safety on container terminals is the business of Arck Sensor, and our 
French company is continually finding ways to improve technology 
to give optimum results. Arck SIRRAH Sensors have been used for 
20 years in many leading ports worldwide for sway measurement on 
rail-mounted quay cranes and overhead bridge cranes. 

New boom anti-collision sensor
Fitting electronic sensor devices to all quay crane booms to 
prevent them accidentally colliding with vessels could save the 
ports industry millions of dollars worth of damage and operational 
downtime. Now, a new version of this proven SIRRAH sensor is 
dedicated to anti-collision applications for quay crane booms.

According to Arck Sensor, the customer benefits of this new 
sensor speak for themselves. They are specifically:

Lower insurance premiums 
Prevention of damage and business disruption costs 
Enhancement of safety for crane operators, terminal personnel 
and ship crews.

This anti-collision sensor solution can be adapted for the 
retrofit of existing cranes.

Proven technology
As proof of the reliability of Arck Sensor technology, a Middle 
Eastern terminal undertook successful experimentation last 
summer and confirmed the technology is in perfect working 
order, with three collisions prevented in the last three months.

In comparison with laser-based technology, the advantages of 
infrared technology are:

Infrared is not affected by boom flexing 
 It is able to detect very small obstacles (antennae, etc.) 
There is no disturbance from vessel movement 
 There is no interference from fog or dust.

Other anti-collision solutions
Arck Sensor also offers a new range of sensors called DISTER, 
dedicated to anti-collision applications. DISTER is radar designed 
to prevent collisions between cranes, or between cranes and 
straddle carriers or trucks running in the same area.

Arck Sensor anti-collision solutions contribute to reduce 
injuries and loss of life, as well as to reduce damages and delay to 
port and terminal operations worldwide. “Productivity & Safety 
are the key words of our innovations.”

Play it safe with state-of-the-art technology
Arck Sensor, Ramonville, France

Arck Sensor is a French company specialized in the latest electronic and optical 

technologies for severe environments. Arck Sensor products are used worldwide, 

and approved in the most prestigious container ports.

ARCK SENSOR, 22 Rue Hermes, F-31520 Ramonville, France

Tel: +33 5 34 31 86 44

Email: contacts@arck-sensor.com Web: www.arck-sensor.com

ABOUT THE COMPANY 
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Over the last decade we have seen huge amounts of money 
invested into the Middle East transport industry, and the 
region is quickly becoming one of the world’s most important 
logistics hubs. As such, terminals in the area have to cope with 
unprecedented container volumes and increasing demands from 
shipping lines, meaning that operations are now more complex 
than ever before.

This increased pressure means that improving terminal 
operations efficiency is essential, and at this year’s TOC Container 
Supply Chain: Middle East conference in Dubai, I will be hosting 
a presentation about how virtual terminals can help ease the strain 
on the region’s container supply chain.

Serving today’s mega-vessels with the appropriate productivity is 
not possible without aligning processes across the entire terminal. 
It goes without saying that to synchronize different types of 
equipment, complex strategies are required. However, over the 
years, relatively little attention has been directed to the use of 
operations research methods and techniques to optimize operations.

Terminal operators and controllers have to plan their next steps 
like chess players. There are long-term strategies to control the 
terminal, but it is essential that they are able to react to what 
happens on the terminal each shift, or even each hour. To find 
the best combination for a particular terminal, virtual terminal 
software can provide a playground to test various scenarios and 
show how these changes can influence overall productivity.

Virtual terminals allow operators to train their control staff, 
allowing them to plan for numerous different scenarios. Problems, 
large and small, can be given to employees and they have to find 
the best solutions in accordance with performance requirements. 
This helps staff to improve their performance and react in the best 
way possible, allowing them to become ‘Grandmasters’ in terminal 
operation. The main benefit is that all these scenarios may be played 
through again and again without disturbing the real operations 
on the terminal and without consuming equipments' energy. 
Essentially, new strategies may be tested and their benefits evaluated.

The technology used in virtual terminals (known as simulation, 
or even more as emulation) has been used for over 10 years, but 
due to its complexity and the amount of effort needed to ensure 
proper usage, systems have traditionally only been used in huge 
projects such as automated greenfield terminals.

For instance, when the Altenwerder terminal in Hamburg 
opened back in 2002, the whole planning process, as well 
as the installation and the start-up phase, were supported with 
simulation. The models built at that time are still in use today, 
but as IT has developed further, these technologies have been 
developed for use in other sizes and types of terminals.

Today, technology allows us to couple virtual terminal software 
with TOSs in a way that will reduce the development time for 
building the model of a new terminal from months, or even years, 
to weeks. The main idea of this approach is that terminal operators 
are not only using the virtual terminal software as a black box, 
they can now configure it to fit to new demands and changes. 
Experienced users will also be in the position to build up new 
terminals from the scratch, whilst external simulation experts can 
support users if necessary or if they are short of manpower.

At TOC Container Supply Chain: Middle East, Portek and 
ISL Applications GmbH will discuss in detail the use of virtual 
terminals to optimize terminal operations. ISL Applications 
will offer delegates an insight into the new approaches that will 
allow users to build up virtual terminals themselves, meaning 
that medium-sized terminals will be able to effectively use 
these technologies. During my seminar on September 25th,  
I will present a number of case studies, including how Eurogate 
Group has implemented virtual terminal software to optimize 
its current operation, as well as testing and customizing their 
future operation at the Wilhelmshaven greenfield terminal.  
I’ll also discuss the benefits that Transnet Port and Terminals 
(South Afr ica) has received from using the CHESSCON 
Simulation module for strategic and tactical planning issues.

I am very much looking forward to this year’s TOC Container 
Supply Chain: Middle East as it will be an excellent forum to 
debate the use of this new technology. The Middle East is 
booming at the moment, but it must ensure that it has the ability 
to cope with the demands that will be placed upon it. Virtual 
terminals will undoubtedly help them plan for the future and put 
in place excellent strategies to succeed.

Improve productivity through better 
planning
Professor Dr. -Ing Holger Schuett, ISL Applications GmbH, Bremerhaven, Germany

Prof. Dr.-Ing. Holger Schuett has been working in the field of 

container terminal optimization for more than 20 years. He is CEO 

of ISL Applications GmbH and since 2003 has been Head of the 

Competence Center of Optimization and Simulation within the 

Institute of Shipping Economics and Logistics (ISL). Furthermore 

he took up a professorship at the University of Applied Science in Bremerhaven 

in 2010. Before Holger worked as a project manager at HHLA/Hamburg, his 

most famous project had been the simulation based consultancy of the new fully 

automated container terminal Hamburg Altenwerder.

The TOC Container Supply Chain: Middle East Conference & Exhibition 

is co-located with Materials Handling Middle East and will run from 25-27 

September 2011 at the Dubai World Trade Centre, Dubai, UAE.
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The rationalization of sandwich belt high angle conveyor 
technology is fundamental to the long-term technological and 
economic success of high volume steep and vertical conveying. 
The introduction of this writing briefly retraces the development 
of sandwich belt high angle and vertical conveyors and cites the 
common denominators for success. The main focus, however, is 
in developing and comparing the economics of four alternate 
conveying paths to silos: a conventional conveyor at 15° slope and 
three variations of the Dos Santos International snake sandwich 
belt high angle conveyor at 45°, 60° and 90° (vertical). The 
economic comparison is made at silos of increasing height from 
17.8 meters to 73 meters.

The sandwich belt conveyor model
The sandwich belt conveyor model was developed in its 
most rudimentary form during the early 1950s. This allowed 
calculation of the required hugging pressure to develop the 
bulk material’s internal friction and preclude material slideback. 
A modern, accurate version of the sandwich belt conveyor 
model is presented in Figure 1. This model depicts accurately 
a derailing of the material cross-section allowing an ample 
belt edge distance that can tolerate normal belt misalignment 
without material spillage. The calculations must thus recognize 
that only part of the hugging pressure is imparted on to the 
material with the remainder transferred belt edge to belt edge 

The cost and value of high angle 
conveying
Dos Santos International, Marietta, Georgia, USA

Figure 1. Sandwich conveyor model.
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affecting a material seal. For mathematical development of  
the sandwich belt model, the reader is referred to Dos Santos 
and Frizzell [1].

The loop belt
The first lasting success and arguably the most important 
technological development in sandwich belt conveying came 
in the early 1970s in the loop belt elevator. The loop belt, a 
continuous elevator of C-shaped profile, consists of an inner belt, 
which is supported on troughing idlers along a convex curve; and 
an outer belt that imparts radial pressure, due to belt tension on 
the conveyed material onto the idler supported inner belt.

Interestingly, the loop belt was first conceived as a high-speed 
centrifugal belt, requiring neither inner belt until flung into free 
trajectory at the discharge. It was the practical consideration of 
an emergency stop under load that resulted in the design as we 
know it today.

Limited to approximately semi-circular conveying paths, the 
loop belt could not solve the problems of high volume conveying 
along a most direct path from loading point A to discharge 
point B. Nevertheless, this system gained great success in self-

Figure 3. DSI snake profiles – extended design.

Figure 2. DSI snake profiles – basic design.
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unloading bulk carrying ships where the semicircular path is 
ideal. This system is the first to utilize all conventional conveyor 
componentry and smooth surfaced belts to achieve unlimited 
conveying rates of widely varying materials.

The DSI snake sandwich belt high-angle 
conveyor
The DSI Snake Sandwich Belt High Angle Conveyor evolved 
from the Snake Sandwich Conveyor, which was first introduced 
to the industry in Mining Equipment International in April 
1982. The DSI Snake system uses all (and only) conventional 
conveyor components and equipment and smooth surfaced 
belts, which are continuously cleaned by scraping. Hugging 
pressure on the conveyed material is imparted by a radial 
pressure, which is induced by the inherent belt tension on an 
engineered curving profile. This is the most positive and gentle 
form of hugging pressure.

Possible DSI Snake configurations are illustrated in Figures 2 
and 3. The most basic configurations are of simple C-shape and 
S-shape as shown in Figure 2. Many such systems have been built 
and are in successful operation. Extended C and S-shaped profiles 
(Figure 3) are facilitated by a multitude of profile curves with 
inflection zones between adjacent curves. Based on this writer’s 
experience, the majority of requirements will be met by the 
simple profiles in Figure 2.

The principles of sandwich belt high angle conveying are not 
new and reached technological maturity in the period 1979-
1982. These principles have been demonstrated successfully in 
nearly 200 installations worldwide. Many of these installations, 
which are of loop belt systems, preceded 1979. 

Many more sandwich belt systems have been built for the 
low tonnage and duties of municipal waste and chemical sludge 
handling and other industries. Though these smaller systems are 
admirable, they are not suitable for the high-volume requirements 
of open pit mining, transfer yard and dock and power plant 
applications. Despite the numerous successes, sandwich belt 
conveyor systems have not been generally embraced as main 
stream conveyor technology; rather, these have been viewed as a 
specialized technology. The DSI Snake represents an expansion 

Figure 4. Elevating options to silos.

Figure 5. Investment comparison (engineering and supply) of elevating options.Table 1. Basis for design and pricing of high angle conveyors.
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of the mainstream conventional conveyor technology, subject 
to all pre-established rules of good conveyor design. This will 
ensure long life of the equipment and belts, and low operating 
and maintenance costs. Applicability is as wide ranging as for 
conventional conveyors. Mainstreaming of the sandwich belt high 
angle conveyor technology is long overdue and this will come 
with wider and routine use.

The cost/value of high angle conveyors
The favorable economics of materials haulage by belt conveyors 
has long been acknowledged. The economics become even 
more favorable with increased volumetric rates and lifts. The 
superior reliability and availability of belt conveyors along with 
lower operating and maintenance costs are factors generally 
acknowledged. These favorable characteristics have also been 
demonstrated at numerous installations of sandwich belt high 
angle conveyors. Indeed, such systems, in compliance with the 
expanded conventional conveyor technology, have equaled or 
outperformed the conventional conveyors at the same job site 
subject to the same or similar duty. 

This article will neither compare the economics of belt 
conveying against other haulage methods (such comparisons can 
be found in various references [2–5]), nor compare the operational 
and maintenance characteristics and costs of conventional and 
sandwich belt conveyors. These are demonstrated to be equal in 
numerous applications. Instead, a comparison of the investment 
costs (engineering and supply) of four conveying paths to silos of 
various heights will be given. The four conveying paths, shown in 

Figure 4 are by a conventional conveyor and three variations of 
the DSI Snake sandwich belt conveyors as follows:

1. Conventional conveyor at 15° slope.

2. DSI Snake at 45° slope.

3. DSI Snake at 60° slope.

4. DSI Snake at 90° vertical.

The silo heights vary from 17.8 meters to 73 meters, with  
the system lifts being an additional 3 meters. Besides total 
investment costs we will look at cost breakdown. Such 
breakdowns reveal economic sensitivity and imply operating and 
maintenance characteristics. Some important non-cost factors will 
also be analyzed.

Basis for design, specifications of systems
The basis for design and pricing is given in Table 1.

Safety against slideback
Safety against material slideback is a very important factor in any 
materials elevating system. Such a consideration might lead the 
conservative to erroneously choose the conventional conveyor 
as the safe solution. In fact, there are many documented cases 
of conventional slope conveyors at inclines of 15°, 16° and 17° 
that experience frequent material slideback, especially when 
excessive moisture or frost are involved. This writer knows of 
no material slideback at any of the more than 100 sandwich 
belt conveyor designed in compliance with the “expanded 
conveyor technology.” The safety factor against slideback is well 

Figure 6. Investment comparison equipment and components of elevating options.
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known at a sandwich belt conveyor system because it is chosen 
when choosing the induced hugging pressure. Indeed, such a 
selection does not exist for conventional slope conveyors and 
an equivalent safety factor against material slideback would be 
likely to limit conventional conveying angles to less than 12°, 
even with coal and crushed rock.

As a consequence of experiencing slideback with 16° and 
17° conveyors, a study at a major coal company objectively 
determined and resolved that their conventional conveyor 
slopes should never exceed 12°. Their next elevating conveyor 
project was designed and built in compliance with new criteria. 
The cost impact on this project was so high as to immediately 
cause reconsideration of the conservative criteria. It was then 
resolved that their 
c o n v e n t i o n a l 
c o nveyo r  s l o p e s 
should never exceed 
14 ° . Such  co s t -
driven compromises 
a r e  u n n e c e s s a r y 
with sandwich belt 
conveyors.

Belt widths
It is important to 
note that increasing 
belt width is required 
w i t h  i n c r e a s i n g 
angle. A sandwich 
belt conveyor system 
car r ies  less  cross-
section for a given 
belt width, having 
a larger mater ia l-
free edge distance 
and ample marg in 
a g a i n s t  ove r l o ad . 
Fur the r more, the 
m a t e r i a l  c r o s s -
section at a sandwich 
conveyor is derated 
with increasing high 
angle. Accordingly, 
the vertical sandwich 
b e l t  c o n v e y o r 
requires the widest 
be l t s  ( 1 , 400mm) , 
c o m p o n e n t s  a n d 
structure for the same 
coal throughput rate 
and belt speed. The 
cost consequence is 
seen at the conveyor 
e q u i p m e n t  a n d 
components summary. 
On the other hand, it 
does result in heavier, 
possibly more durable 
equipment.

Drive power
The dr ive  power 
chosen differs from 
t h e  c a l c u l a t e d 
r e q u i r e d  a s  we 
se lected the next 

commonly available motor size and drive components. This is 
further aggravated by our choosing of equal drive units at the top 
and bottom belts of the DSI Snake. The results in investment costs 
appear as less than smooth curves (see Figure 6) at the conveyor 
equipment and components summary.

Structural optimization
For the sake of a fair comparison it was important to structurally 
optimize the alternate elevating systems, especially the conventional 
15° slope conveyor. It is well known that structural bents and 
towers become very massive and expensive with height. In order to 
minimize the mass and cost of structural steel, we must increase the 
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structural spans with height so that we can minimize the number 
of very high and massive bents. In this case we have chosen a 
30.5-meter grade for the first pair of trusses, 45.7 meters for the 
second and a 61-meter grade for the third pair of trusses. Having 
established approximate structural optimization for the conventional 
15° conveyor, we have chosen silo walls locations at the bents.

Basis for and presentation of costs and pricing
A fair costing comparison must be in compliance with a single 
and uniform design and pricing philosophy. Every buyer and 
every seller knows that the same inquiry and specification 
will result in, at times, widely varying price offers by various 
manufacturers. Even the same manufacturer’s offer will vary 
depending on the competitive situation and his desire for the 
work (i.e. having a high or low current work load.) Though our 
pricing herein is in compliance with the uniform design and 
pricing philosophy of Dos Santos International, we present all 
pricing of comparison in the form of an index. Any reader can 
then normalize this cost comparison according to their own 
buying and/or selling experiences and policies.

Cost comparison
Figure 5 graphs the investment cost (engineering and supply) for 
the four elevating systems as a function of increasing silo height. 
This does not include civil, foundations or installation. It is not 
surprising that the conventional 15° slope conveyor proves least 
costly when elevating to the lowest silo of a 17.8 meter height. 

However, the cost of the conventional conveyor system increases 
exponentially with height. Beyond approximately 33 meters of 
lift it becomes the most expensive solution. At 76 meters of lift 
its cost exceeds the sandwich belt solutions by a range of 60% to 
88%. On the other hand, the variation in investment cost for the 
sandwich belt solutions is approximately linear with silo height 
and quite modest with regard to each other. At the lowest silo 
height, a sandwich belt system of 45° slope has a 0.23 investment 
index compared to 0.24 (4% higher) for a 60° slope and 0.27 
(17% higher) for the vertical unit. At the highest silo, the vertical 
sandwich belt system has the lowest investment index at 0.51 
compared to 0.56 (10% higher) for the 60° slope and 0.60 (18% 
higher) for the 45° slope. 

Figures 6 and 7 show the relative make-up of the investment 
costs. Figure 6 graphs the investment in conveyor equipment and 
components. This includes belting, idlers, pulleys, drives, switches 
etc. It can be seen that the investments increase linearly with 
height. Furthermore, the conventional 15° conveyor has always 
the lowest investment in conveyor equipment and components, 
while the vertical sandwich belt conveyors are owing to the great 
difference in structural steel requirements, as illustrated in Figure 
7. The steel in this case includes all truss spans, bents, terminal 
framing, covers, access walkways and stairways, chutes, skirts etc.

Some non-cost factors
It is worth noting some non-cost factors for comparison. Table 
2 shows a comparison of displaced projected areas and spatial 

Figure 7. Investment comparison – steel of elevating options.
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volumes for the different elevating systems. A cost can be associated 
with the displaced projected area if real estate values are considered.

What is the best angle?
The best elevating profile depends largely on site and functional 
requirements. In general, the best solution is the most direct path 
from loading point A to discharge point B. The present study, 
however, reveals economic comparisons that would prompt a 
combination conventional conveyor along the ground to an 
elevating sandwich belt conveyor, even when ample space exists 
for a conventional conveyor solution. This can be a sandwich 
belt conveyor with a long approaching bottom belt. In general, 
loading point A and discharge point B will be located for the 
best use of space. The total investment comparison reveals large 
differences, at the very high lifts, between the conventional 
and the sandwich belt conveyors but not among the sandwich 
belt systems. At the highest lift, a 60° DSI Snake profile has 
approximately 10% higher investment than the 90° (vertical) DSI 
Snake. A 45° profile has approximately 18% higher investment.

Operational considerations might warrant the higher 
investment in a 60° system or even a 45° system. Such 
considerations are: (1) System clean-up and (2) System access.

Sandwich belt systems at any angle can be designed 100% 
spillage free. Minor material carry-back can occur due to 
imperfect belt scraping and even the occasional leakage, due 
to poor belt alignment and other aggravations. The magnitude 
of the accumulation is far less important than its nature and 
consequence. At a vertical system such carry-back does not have 
a clear path away from the equipment and tends to accumulate 
progressively on the rolling equipment. Periodic cleanup is 
required, typically by high-pressure washdown. Washdown water 
at the outer parts of the wing rolls has contaminated the bearings 
and caused frequent premature bearing failures requiring high 
rates of roll replacement. No such phenomenon has occurred 
at sandwich belt conveyors of any incline less than vertical. Any 
carry-back tends to fall away clear of the rolling equipment and 
build-up is not progressive towards the bottom.

Access to the equipment is important in any case. Many 
specifications require access by stairway (vertical ladders are not 
allowed). The maximum stairway slope, according to architectural 
standards, is 50°. At higher angles, step ladders (51° to 70°) or 
ladders (71° to 90°) must be used, with safety lines or safety cages 
and landings. The cost of stair towers can sometimes approach the 
cost of the sandwich conveyor systems.

In view of the modest premium shown in Figure 5 and 
consideration 1 (material carry-back), it is this writer’s opinion 
that the 60° DSI Snake solution with access by ladders 
and landings will prove very economical and most reliable. 
Furthermore, if a stairway is required then the additional 
premium show in Figure 5 may be warranted making the 
preferred conveying angle less than 50°.

Many cases of limited space will warrant vertical systems. It is 
not our intent to discourage these as the cited problems can be 
resolved by conscientious design and clean-up procedure.

Concluding remarks
Complete rationalization of the sandwich belt conveyor 
technology is the conventional conveyor technology was achieved 
in the period 1979 to 1982. Many successful steep and vertical 
sandwich belt conveyors have been built in compliance with 
that rationalization and have demonstrated the performance 
characteristics of conventional conveyors. The DSI Snake is the 
only high-volume sandwich belt system to utilize all and only 
conventional conveyor equipment and componentry. Material 
hugging pressure is induced by exploiting the inherent belt 
tensions on an engineered alternately curving (snaking) profile. 
An investment comparison shows great savings when conveying 
to high silos with DSI Snake sandwich belt conveyors at various 
angles from 45° to 90° (vertical). To date, sandwich belt conveyors 
have not been widely recognized as mainstream technology 
despite the many successful systems and the demonstrated 
economies. There is no basis for reluctance in the wide use 
of sandwich belt conveyor systems. Such systems should be 

Figure 8. DSI Snake Sandwich High Angle Conveyor to top of dome-type.
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embraced as mainstream technology and exploited to lower the 
costs of silo loading and other applications.

This article has focused on the cost of elevating materials 
to silos. Dome type structures for covered storage have 
deservedly gained prominence and use. The DSI Snake is ideal 
for continuously elevating materials to the top of such domes 
sharing a compatible curving geometry; Figure 8 illustrates the 
compatibility; resulting in gentle distribution of structural loads 
and an aesthetically pleasing, uncluttered system.
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New bridge crane project
TAIM WESER and its Colombian partner IMOCOM have 
jointly developed the two largest bridge cranes ever made in the 
country. Manufactured in Bogota, the cranes are designed for the 
Hidrosogamoso hydroelectric power plant project undertaken by 
Columbian company Isagen, in north-western Colombia. 

As part of the power plant project, Isagen is constructing a large 
dam located in the Santander Department, north-western Colombia, 
which will have a capacity of 820MW upon its completion in 2014. 
The cranes, which will be installed in the underground powerhouse 
of the dam, have a capacity of 332 tons with an overall span length 
of 22.1 meters between tracks, making them the largest bridge 
cranes that have ever been manufactured in Colombia. 

After arriving and being assembled at the dam during the first 
half of August, 2011, the load and no-load tests will be carried 
out prior to the cranes’ final commissioning. To develop this 
type of equipment, very complex engineering and technological 
capabilities are required of which only a small number of companies 
in the world possess, among them being TAIM WESER.

Technical expertise
The collaboration between TAIM WESER and IMOCOM 
dates back to 2004. TAIM WESER performs the engineering 
design and the calculation values of the cranes, in addition to 
providing its brand name and warranty. For its part, IMOCOM 
is responsible for the manufacture of the beams and the buffer 
beams, as well as the mainstreaming of the electrical equipment 
and the assembly of the cranes.

This is not the first time TAIM WESER and IMOCOM have 
collaborated on a crane project. During the PORCE III project, two 
190-ton capacity bridge cranes were provided for the construction 
and maintenance of the Porce Hydroelectric Power Plant, Colombia. 

Other examples are the recently commissioned Hidrosogamoso 
project, as well as the latest project, the Hydroelectric Power 
Plant in El Quimbo, which is currently under development by 
the EMGESA-ENDESA company. The contract consists of the 
provision of two bridge cranes with a capacity of 220/50 tons 
and a span length of 24.3m between tracks, for maintenance and 
installation operations.

Port projects and installations
TAIM WESER recently completed a number of dry bulk 
handling projects at the main ports of the Mediterranean, such 
as Huelva, Tarragona, Sagunto and Cartagena in Spain; and 
Dunkerque and Marseille in France. 

At Huelva Port, one of the main dry bulk ports in southern 
Europe, the company supplied a new grain handling conveyor 
system to Terminal Marítima de Huelva S.L (TMH). After several 
expansions, TMH’s storage facilities now have the capacity to store 
160,000 tons of grain. The circuit included a moving hopper, and 
seven conveyor belts: two of them fitted with a tripper, along with 
five transfer towers. TAIM WESER also supplied a handling and 
storage system for wood chips to Huelva Port, including two 
mobile reception hoppers and a gantry-type stacker machine. 
Previously, in 1999, TAIM WESER also manufactured a ship 
loader with a capacity of 400t/h for fertilizers.

At the Port of Tarragona, the company supplied an extensive 
mechanized stockyard, consisting of a coal transport circuit running 
from the pier to the stockyard and ship loading area by means of 
12 conveyor belts, one stacker, two trippers, one ship loader, and 
one coal ship unloader with an unloading capacity of 2,500 t/h.

TAIM WESER also designed, manufactured and supplied a 
new handling and storage system for wood cereals with a capacity 
of 1,600t/h to Tarragona. The circuit has 600m of conveyors and 
includes one mobile reception hopper. At the Port of Cartagena, 
TAIM WESER supplied a handling and storage system for cereals, 
with a capacity of 2,000t/h. The circuit has 965m of conveyors 
and included two environmentally friendly mobile reception 
hoppers. At the Port of Dunkerque, TAIM WESER supplied and 
installed a new transport and receiving belt conveyors circuit for 
handing a steelwork materials, coal, coke, fines, and ores. The 
circuit has 1,980m of conveyors and a capacity of 7,000t/h.

No limits: supplying the largest bridge 
cranes in Columbia 
TAIM WESER, Zaragoza, Spain

The bridge cranes manufactured by TAIM WESER and IMOCOM in Columbia 
have a capacity of 332 tons, spanning 22.1 meters between tracks.

TAIM WESER has more than 100 years of experience in the loading and unloading 

of bulk at ports and projects on five continents. Using its own technology, TAIM 

WESER designs and supplies turnkey port installations, and also equipment adapted 

to pre-existing port facilities and customer requirements, incorporating different bulk 

loading, unloading and handling apparatus. The company is also experienced in 

repairing, modernizing and optimizing the entire range of bulk handling equipment.

TAIM WESER, S.A.

Carretera de Castellón, Km. 6,3

50013 Zaragoza

SPAIN

Tel: (34) 976 500 006 Fax: (34) 976 500 038/28

Email: info@taimweser.com Web:www.taimweser.com
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Scandinavia is a strongly growing market setting high standards 
especially for environmental protection, and is very conscious of 
dust and noise emissions as well as of energy usage.

Arthur Loibl GmbH was awarded an order by an international 
German crane manufacturer to supply two laterally displaceable 
hopper cars, including discharge conveyor and transfer chute with 
garland stations towards the following quayside conveyor, for a 
Danish coal-fired power plant in Skodstrup. 

The hopper cars are connected via coupling rods with 
a customer-supplied double jib level luffing crane. In order to 
minimize possible dust emissions where coal is fed into the 
hopper, both hopper cars are equipped with three-sided dust 
protection walls of approximately three meters height and 
an upper curve of approximately 500mm as mechanical dust 
protection, and a water atomizing system.

The transfer to the longitudinal quayside conveyor has also been 
equipped with a fogging system in order to reduce possible dust 
emissions from feeding on to the conveyor belt. Special single-
component nozzles spray water with a drop size distribution of 
100-500 μm. The booster stations required for the fogging system, 
valves, valve unit with solenoid valve for atomizing start and stop, as 
well as diaphragm valves for pressure setting are located in heated 
pump containers. The hot-dip galvanized piping to the nozzles is 
insulated and heated to protect against damage from freezing.

The fourth water-side front wall of the hopper is designed as 
spillage flap and can be opened and closed via hydraulic cylinder. 
The necessary hydraulic units are installed at the respective hopper 
car. A cover grid with a mesh size of 200 x 200mm retains larger 
grain sizes.  For noise emission reduction <94 dB(A) the hoppers 
are lined with wear-resistant and sound-absorbing rubber-steel 
sheet elements and the hopper corners with polyurethane-steel 
sheet elements to minimize the product deposits. 

Additionally, two pendulum-type vibrators on the two lateral 
faces of the hopper are used to remove possible coal residues. If 
necessary, these can be operated alternately and temporarily.

The hopper is monitored with a weighing system and 
evaluation unit, and if there is the danger of material piling up, 
the crane discharge is stopped. The weighing electronics are 
integrated into the control system via Profibus.

For the operation in winter the hopper walls and water 
atomizing system are provided with insulation and are heated with 
a flexible resistance heating cable. Furthermore the hoppers are each 
equipped with the required stair access and maintenance platforms. 

Hopper discharge is made with a sturdy discharge conveyor, 
which is suitable for use in winter, of 1,600mm belt width and a 
center distance of 12,000mm with upstream needle weir. 

The discharge conveyor is designed with rubberized pulleys, 
thick-layered rubber belt, inner and outer belt cleaners, closed 

Hopper cars for hard coal handling in 
a Danish harbour power plant
Arthur Loibl GmbH, Straubing, Germany

Hopper car.
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bottom, corrugated steel sheet cover and all necessary monitoring 
and safety equipment, as well as a discharging chute with buffer 
idler garlands and chute walls with wear-resistant and sound-
absorbing rubber-steel sheet elements for sound emission 
reduction <94 dB(A).

The overall system is designed to be operated at ambient 
temperatures from -25°C to +40°C, with a possible air humidity 
being up to 100% due to direct vicinity of the water.

Power is supplied to the hopper cars through the cranes, 
and the speeds of the discharge conveyors are controlled by a 
frequency converter included in the scope of delivery.

The electrical switching and control system to operate the 
hopper cars, as well as the fogging system, hydraulic system, heating 
system and lighting system were included in the scope of delivery.

For handling of other bulk material, such as wood pellets, 
the described version of the hopper cars can alternatively be 
equipped with an additional dedusting system. In this case the 
cover grids of the hopper opening would be replaced by a Flex-
Flap System and a de-dusting system with integrated filters to 
reduce emissions can be used.

Initial start-up of the sturdy hopper cars combined with the 
harbour cranes took place in March 2010, and proved their 
suitability for use in harbours.

Arthur Loibl GmbH is a family-owned enterprise with tradition. Mr. Arthur Loibl, a 

professional engineer, founded the company in 1960 at its current site of Straubing, 

Germany. He led the firm until 1992, when his son took over. The company still 

remains under private ownership and is one of the most successful and best known 

mid-size companies in the materials handling technology branch for bulk material.

Arthur Loibl GmbH, Arberstraße 40, D-94315 Straubing, Germany

Tel: +49 (0) 9421 9256-0  Fax: +49 (0) 9421 9256-25

Email: mail@loibl.biz  Web: www.loibl.biz 
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Overall view of unloading equipment.
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Hopper opening: approx. 7 ) 7m

Hopper volume: ca. 50m3

Conveyed/handled material: hard coal

Grain size: approx. 0 – 50mm

Handling capacity on the average: 750 tons/h max. 1,000 tons/h, 
resp. 30,000 tons/d
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“The ports and terminals sector represents a proven, 
growing market for RFID. However, what started as a 
market focused on the use of passive RFID for security 
has evolved to a predominantly active RFID for long-
range asset tracking and process automation.”
‘RFID in ports and terminals: moving towards global acceptance’, page 106.

CUSTOMS & SECURITY
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Radio Frequency Identification – or, as it is more commonly 
known, RFID – is an automated identification and data collection 
(AIDC) technology. From access cards to passports to toll tags, 
RFID has become a ubiquitous, integral part of our daily lives 
both at work and at home. RFID offers unique benefits for 
the identification and tracking of people, assets and inventory. 
It provides automated identification without the line of sight 
required by bar code and optics (laser, OCR), can be read at short 
to very long range and can be encoded with significant amounts 
of data. Few AIDC technologies can match its flexibility and 
cost/benefit ratio. 

The ports and terminals sector represents a proven, growing 
market for RFID. Historically, the ports market was an early 
adopter of RFID. However, what started as a market focused 
on the use of passive RFID for security has evolved to a 
predominantly active RFID for long-range asset tracking and 
process automation. Current RFID applications in ports and 
terminals are grouped in four main areas:
  Network asset visibility: These applications support the 
identification and tracking of assets typically associated with 
operations within a facility, but to a growing extent also across 
wider-spread container logistics networks. A derivative of 
visibility, Real Time Locating Systems (RTLS) provides precise 
asset tracking inside the terminal. 

  Process automation: These are applications intended 
to automate previously manual processes with the goal 
of improving operational productivity and/or equipment 
utilization. They are almost exclusively deployed within a facility.
  Safety: Safety applications use RFID to ensure the safety of 
people as well as hard assets. This is fast becoming a hotspot in 
RFID as terminal worker safety is increasing in importance.
  Security: Security applications use RFID to ‘secure’ an asset or 
uniquely identify an individual, generally in conjunction with 
other security technologies such as biometrics.

Today, the overall RFID market in ports represents nearly a 
US$100 million business per year. The largest segment of this 
is within port community and marine container terminals for 
automating gate and yard processes. However, the emergence of 
new applications using RFID as a ‘wireless sensor’ may change the 
way the RFID market develops.

Application of RFID is driven by core benefits including 
labor productivity, safety and increased asset utilization. However, 
another key element of growth in the port community and 
terminal market is environmental. Ports and marine terminals 
are highly visible and tend to reside in large populous areas – 
think LA/Long Beach. Moreover, ports have been heavy ‘carbon 
foot-printers’ from both over the road diesel trucks and internal 
vehicles. RFID is now an integral part of the tracking of vehicles 
tied to emissions programs, as well as optimized travel of internal 
vehicles, thereby also reducing emissions.

New directions in RFID application
The current ports market is vibrant and has been steadily growing 
excluding the recent economic downturn. Most of the large-

scale deployments are concentrated in the marine container 
terminal and port community areas, focused on applications for 
gate automation and truck tracking. New opportunities also exist 
across a broad number of additional submarkets and applications 
such as bulk handling and RoRo.

So what should we expect to see and what are the hot 
applications in the next two to three years?

More telemetric sensors: Users should be looking at the 
continued growth of RFID as a ‘wireless sensor’. In addition to 
ID and location, RFID transponders can capture data on security 
tamper signals (e-seals), temperature, motion, speed, light etc. The 
wireless nature of RFID and the lower cost compared to PC 
or PLC-based processors to capture this data make it extremely 
attractive. The most compelling new application in this category 
is RFID-enabled reefer monitoring. A programmable RFID tag 
with connector cord is plugged into a reefer serial port and can 
remotely monitor hundreds of containers in real-time with no 
power line modems and with minimal reader infrastructure.

Convergence with GPS: The convergence of advanced 
technologies has led to the emergence of new mixed applications 
of RFID. As a case in point, GPS chip sets are now mixed with 
RFID tags to create a hybrid locating technology. The tag locates 
itself using GPS, but communicates using traditional RFID 
protocols. This has resulted in low cost, precise locating but with 
the further advantage of minimal impact on data networks. The 

RFID in ports and terminals: moving 
towards global acceptance 
Michael Dempsey, Port Equipment Manufacturers Association & Identec Solutions

Reefer cargo can be monitored by plugging an RFID tag into a reefer serial 
port, without power line modems and with minimal reader infrastructure.
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data can be wirelessly backhauled through the existing RFID 
reader network. The big new application here is to use GPS-
RFID hybrid tags to track terminal tractors. It is of lower cost 
than GPS and places no overhead on the existing WiFi or 
narrow-band data systems.

Multi-use infrastructure: The bulk of RFID systems deployed 
today are single-purpose, i.e. the RFID system does ‘X’. However, 
once the RFID reader infrastructure is installed, users soon realize 
that other applications may feed the same reader network, hence 
reducing the cost of new deployments. A gate system, RTLS 
system and reefer system can all use the same infrastructure.

More passive/semi-passive: While the market has been 
dominated by active technology, improvements in passive tag 
read distances are leading users to re-evaluate passive as a viable 
alternative. The major advantage is the generally lower cost of 
passive technology driven by strong standardization. 

More standards: The active RFID market in ports can be 
characterized by a ‘winner-take-all’ approach. As virtually all 
technology is proprietary to a vendor, if a vendor wins a port 
community system, for example, the port is committed to 
that vendor until the system is removed. However, the market 
is driving toward more standardization. The new ISO 18000-7 
protocol is the first solid attempt at creating a global standard in 
the active market akin to the now well-established Gen2 standard 
for ultra high frequency (UHF) passive RFID.

Justifying the technology gets easier
In the early days of RFID, users took a leap of faith that the ROI 
would be there. Today, with a proven track record of operational 
systems, the fundamental benefits of the technology are more widely 
understood and accepted, and the ROI process is getting cleaner and 
clearer. The discussion now is more focused on which type of RFID 
to use than whether to use it all. While ROI is highly situational 
and very much depends on the application-type (asset visibility, 
operational control etc.), potential buyers should be looking at the 
following key measures when evaluating an RFID investment:

Increased asset utilization
Across the container supply chain, the management and tracking 
of marine-related assets such as trucks, chassis, containers and 
gensets improves their availability while reducing the downtime 
in the usage life-cycle. Network asset visibility systems can 
provide the critical core information to execute advanced 
decision-making on the movement of containers, enabling 
improved supply chain process management (SCPM), as well 
as environmental factors. In a narrower context, for terminal 
operators the ability to track equipment in real-time can 
significantly improve asset usage. For example, the use of job 
assignments based on actual, not assumed, position should increase 
throughput and decrease travel times by as much as 40%. At the 
same time, excess assets can be deployed elsewhere or eliminated.

Asset loss reduction/prevention 
Asset purchase and subsequent depreciation has a significant 
effect on cash flow, the balance sheet and P&L. Protecting this 
investment and minimizing on-going investing is a key ROI 
element of asset management systems. Asset loss reduction has 
substantial impact on a company’s bottom line. For example, asset 

based operators like ferry companies may experience 10-40% lost 
assets. ‘Loss’ consists of non-locatable assets in the supply chain, 
i.e. unable to be used, as well as true loss. In either case, new assets 
must be purchased to refill the available pool.

Content loss reduction 
‘Track the asset and the contents follow’. A key benefit of RFID 
systems is the prevention of content loss in addition to the asset 
loss prevention described above. Content loss through theft, 
mishandling or expiration can be considerable. 

Increased productivity
Most RFID operational systems within the terminal are focused 
on increased labor productivity. The solutions discussed previously 
aim to reduce task times or minimize manual data input to 
improve throughput.

Increased safety 
Handling equipment operators often cannot see people on 
the ground. Using RFID for detection of personnel with 
corresponding alert mechanisms within the operator cab enables 
better accident prevention. 

Facility security
Since September 11, 2001, there has been significant attention 
focused on improving the security and safety of public venues and 
facilities. Consideration has been given to monitoring security 
personnel so that in case of an event, the security person nearest 
the event can be contacted to investigate or utilizing technology 
to provide additional means of identification that can be used 
to provide or limit access to specific areas of a facility. Both for 
prevention and in dealing with the aftermath of an event, knowing 
the location of security personnel and possibly even visitors may 
become more and more of a necessity. RFID provides low-cost 
identification of staff for access control, as well as locating them.

Asset security
Equally as challenging is keeping equipment and assets from 
walking out the front gate. Regardless, the result is that the asset is 
no longer available and the company will incur additional cost to 
replace it. There are countless stories of container loss. Being able to 
detect a potential theft before it happens requires real-time visibility, 
and information relating to the location and status of the item. 
Additionally, that information must be integrated into the existing 
host systems so that decisions and actions can be taken in real-time.

Conclusion
The ports sector has presented a growing number of 
opportunities for the adoption of RFID technology, and will 
doubtless present many more as the technology continues 
to develop. Likewise, RFID is providing significant value to 
the ports sector, whether as a standalone technology or when 
integrated with other existing technologies. With a little insight 
and the right information, ports can go about implementing 
the technology and secure a good ROI, automate processes for 
increased security and efficiency, as well as ensure  the security of 
their facility and assets for years to come. 

For further information on RFID applications at ports, download 
the PEMA Information Paper here: http://bit.ly/pemarfid

The Port Equipment Manufacturers Association (PEMA) provides a forum 
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Nestled along one of the United States waterfront perimeters, the 
Port Authority manages a strategic gateway for cargo originating 
in or destined for the locations throughout the country. The 
organization serves as the federal sponsor to over 52 miles of the 
shipping channel – which includes one of the largest ports in the 
world in terms of size and foreign tonnage imported. The Port 
Authority is responsible for operating land-based import/export 
cargo terminals, and helping to provide fire and safety protection 
along the ship channel. 

In a world economy that depends on the safe and efficient flow 
of goods, port security is of utmost concern. The organization is 
dedicated to the protection of its employees, tenants, facilities and 
cargo. However, keeping a vast port environment safe and secure 
is no simple task. Following 9/11, the Port Authority became the 
recipient of grants from the federal Port Security Grant Program 
(PSGP). Over the past decade or so, the funding has enabled the 
Port Authority to make various investments including building a 
robust and cutting-edge security infrastructure. 

The PSGP provides grant funding to port areas for the 
protection of critical infrastructure and to deter terrorism. Its 
funds are primarily intended to assist ports in enhancing maritime 
domain awareness and risk management capabilities to prevent, 
detect, respond to and recover from attacks involving improvised 

explosive devices (IEDs); chemical, biological, radiological, 
nuclear, explosives (CBRNE); and other non-conventional 
weapons – as well as training and exercises, and Transportation 
Worker Identification Credential (TWIC) implementation. 

Taking security to the next level
In 2008, grant funding enabled the Port Authority security team 
to deploy a customized, state-of-the-art digital video surveillance 
system from Verint®. Following that, grant funding also enabled 
the organization to enhance its 24/7 dispatch center for security, 
law enforcement and fire response on Port Authority property, 
and build a mobile command center, while implementing 
numerous physical security systems. 

The Port Authority owns and operates several distinct 
cargo facilities strategically located along the ship channel 
for importing and exporting anything from gravel to grain 
to automobiles. Leveraging the Nextiva platform, the Port 
Authority is benefiting from a more proactive, effective approach 
to managing these large, geographically-distr ibuted video 
operations. Feature-rich video viewing and policy-based video 
distribution help improve situational awareness and emergency 
management, and the solution’s Virtual Matrix (switching) 
software allows efficient routing of video to the dispatch center. 

Protecting land-based and waterfront 
facilities: a maritime case study 
Debjit Das, Vice President of Global Marketing, Verint Video Intelligence Solutions, Melville, New York, USA

A comprehensive security and video imaging system can greatly increase police’s ability to tackle crime in the port area.
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The security team at the Port Authority also benefits from a 
searchable database of case-related video and data to help make 
investigations faster and more productive. 

“Between trucks, cranes and vessels, there is a large amount 
of traffic within our facilities, and accidents are extremely 
common. Often we are requested to search our digital video 
database to identify what happened, who was involved and why 
the incident occurred,” said the port’s security and emergency 
operations manager. 

Enhancing operational effectiveness  
Using the Nextiva solution also enables Port Authority security 
personnel to easily share critical video data with other port 
stakeholders. This versatile video viewing allows authorized users 
from these entities to view live and recorded video from any 
networked PC. This capability improves emergency preparedness, 
expedites communications and facilitates inter-agency cooperation.

Monitoring large port facilities requires equipment that can 
easily transmit video via wireless devices to save on camera costs. 
Nextiva wireless devices transmit images from various locations 
located around the port and are displayed at the dispatch center. 
The Nextiva wireless devices utilize Verint’s SPCF protocol 
which resolves many issues inherent to standard Wi-Fi and mesh 
wireless solutions. By centralizing control of the wireless cells at 
the master device, the Nextiva wireless system removes hidden 
node issues common in standard Wi-Fi deployments, provides 
predicable bandwidth usage, and extends the range of the wireless 
links without impacting the quality of the video streams. The 
functionality of the SPCF protocol also allows the security team 
to configure the system to provide redundancy in areas normally 
considered single points of failure. This results in a robust solution 
that reduces the risk of critical images being lost and provides 
a powerful alternative to mesh wireless networks. Leveraging 
Verint’s encoding technology, Nextiva wireless transmitters deliver 
high-quality images, while minimizing use of valuable network 
bandwidth at the Port Authority. 

“We have both security and law enforcement personnel that are 
constantly patrolling our facilities and perimeters. When an alarm 

is raised from the Nextiva system, the dispatcher at the main 
center can quickly direct the officer to a particular location to 
validate the alarm,” explained the port’s security and emergency 
operations manager. 

Additionally, on-board video analytics that are embedded 
within the encoders help security staff rapidly identify important 
activity, with dramatically lower transport, server and storage 
requirements than server-based analytics. For the Port Authority, 
Nextiva’s built-in analytics enhance situational awareness around 
its properties and transforms what used to be a manual, resource-
intensive operation to an efficient, accurate, automated process. 

Since implementation, security operations at the port have 
become much more efficient. The high-quality video provided 
by the Verint video system is also shared with the Port Authority’s 
operations department, enabling live video viewing of activity at 
its cargo facilities. For the operations team, Nextiva has simplified 
the identification of specific containers in its cargo facilities and 
allows the team to address issues of congestion and traffic in its 
movement of goods. 

The reliability of the system has also been outstanding as 
shown during the summer of 2009, when there was a high-
dollar theft incident involving cargo at the port. Leveraging 
Nextiva, security personnel were able to search the database and 
provide video evidence – identifying the stolen cargo, times, 
places, suspect and vehicle – to the local police department. 
According to the port security and emergency operations 
manager, “this captured intelligence greatly aided in the recovery 
of the goods.” 

Shipshape security operations
The Port Authority is committed to providing a safe and 
secure environment for all employees, tenants and stakeholders, 
and is dedicated to the unimpeded transportation of cargo and 
the protection of its facilities, which are a critical asset to the 
community, state and nation. Digital video surveillance from 
Verint helps the Port Authority prevent loss; be proactive in 
emergency response planning; and maximize port security while 
expediting the flow of commerce.

Debjit Das is Vice President, Global Marketing of 

Video Intelligence Solutions at Verint Systems Inc. 

In his role, Debjit partners with customers, channel 

partners, and complementary technology companies 

to maximize the value of Verint solutions to the 

various stakeholders. In addition, Debjit is a frequent 

speaker and contributor to various forums in the 

security industry.

Debjit started his career at McKinsey & Company 

and held management posit ions at United 

Technologies Corporation. Debjit holds a bachelor’s 

from Indian Institute of Technology Kanpur, and 

master’s degrees from Purdue University and 

Massachusetts Institute of Technology.

Verint® Systems Inc. is a leading provider of 

Actionable Intelligence® solutions and services for 

enterprise workforce optimization and security 

intelligence. More than 10,000 organizations in 

over 150 countries use Verint solutions, including 

more than 85% of the Fortune 100. Verint is 

headquartered in Melville, New York, with offices 

worldwide, 2,800 dedicated professionals, and an 

extensive global network of selling and support 

partners. 

Web: www.verint.com 
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Since the very first so-called ‘video analytics’ systems were 
introduced, the technology has experienced a number of false 
dawns in terms of its acceptance as a reliable and cost effective 
addition to traditional video surveillance tools.  

Transport applications
The use of analytics in the transport sector has evolved beyond 
fulfilling basic security needs to include advanced features, such as 
traffic monitoring functions and detection of left luggage within 
transport hubs.

On a basic level, the ability of analytics to identify the 
movement and speed of vehicles (and people), as opposed to 
other spurious objects, lends the technology to monitoring of 
perimeters and suspicious behaviour within defined areas.  Video 
analytics can alert operators to packages left within a scene, 
which otherwise may go undetected in the midst of multiple 
CCTV screens.  

Wider acceptance
Recently, a number of factors have contributed to an increase 
in interest and demand, enabling video analytics to be 
reconsidered as a viable video surveillance option.  i-LIDS is 

the UK government’s benchmark standard for video analytics 
technology and is awarded to security products judged to have 
met the stringent criteria specified by the Home Office Scientific 
Development Branch (HOSDB) in the development of video-
based detection systems for government use.

Manufacturers meeting the highest level of performance 
classification receive the i-LIDS accreditation, which is the first 
real independent measure of the quality and functionality of a 
video analytics system.

Improving the security function
When the costs of manned guarding and operators are considered, 
it’s tempting when assessing analytics to assume that the number 
of security staff can be immediately reduced by introducing the 
technology. Perhaps it’s more appropriate to view video analytics 
as a way to improve the efficiency of operators and guards.  

Analytics can be used to assist in highlighting notable events, 
thereby allowing operators to do what they do best: deciding 
whether an incident is suspicious or not. Security functions 
can therefore handle more cameras more effectively with their 
existing staff.  Supporting the guards with analytics means the 
ability to switch guards to mobile patrols based on analytics 
incidents, covering a larger area more effectively and responding 
to real incidents more quickly, rather than just following a 
routine guard tour. 

Perimeter protection
There are a number of video analytics packages available 
in the market today, all offering a multitude of capabilities, 
and not always linked to security.  However, the majority of 
installed systems have focused on one of video analytics’ core 
competencies: perimeter protection.

This specific scenario continues to be a much demanded 
i-LIDS accreditation as increasing numbers of end-users and 
integrators realise the performance and cost benefits of video 
analytics in perimeter detection-type applications. 

Return on investment
Although attracted by the benefits of video analytics, security 
managers have always faced challenges in justifying the 
investment in what has been perceived as a premium technology.  
Analytics is not a universal panacea, but if you are interested 
in understanding whether analytics can help solve a particular 
problem, Honeywell would be delighted to help you explore  
the options.

Has video analytics finally come of age?
From a perceived premium add-on to a cost-effective and key 
component in certain security applications
Daniel Wan, Channel Marketing Leader UK, Honeywell Security Group, London, UK

Analytics software highlights notable events, allowing operators to decide 
whether an incident is suspicious or not, and act accordingly.

Honeywell’s new Active Alert v4.7 video analytics solution has been evaluated by 

the UK Home Office Scientific Development Branch (HOSDB) and awarded i-LIDS 

accreditation both as a primary detection system in an operational alert role and 

as an event-based recording system for sterile zone monitoring applications.

Web: www.honeywell.com/security/uk
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For additional information, call 08448 000 235 or visit www.honeywell.com/security/uk
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Marine and intermodal terminals around the world are seeking 
automated container handling solutions at an increased rate. There 
is no shortage of automated equipment solutions – from quayside 
gantry cranes to container yard rail-mounted gantry cranes, shuttle 
carriers, automated guided vehicles and more. The individual 
system solutions for terminal operations are embedded with 
complex logic ensuring optimization of equipment usage, yard 
space, vessel productivity, gate productivity and rail productivity all 
in the safest manner. 

Many terminals are now in the process of introducing advanced 
and innovative technology to optimize their physical operations. 
Greenfield terminals especially are tendering this to reduce 
operational costs and provide an increased level of service to its 
customers. Typically, the focus is on proven technology for OCR, 
RFID, and positioning and introduction of touch screen-equipped 
pedestals at truck lanes. However, there is a big challenge for all IT 
departments: how to design a solid manageable solution, integrated 
with the Terminal Operating System (TOS). 

Rising to the challenge
HTS originally provided OCR systems for gate, rail and crane 
operations, including a standard interface for data and images. 
However, as terminals are not only integrating OCR (which can 
be linked to a TOS directly), HTS noticed the introduction of 

other subsystems parallel to OCR and decided that there was a 
need for a middleware software system that could deal with all 
these subsystems at once. Therefore HTS, along with collaborator 
company IT Partner, created the Global Control System (GCS) 
to fulfill the data fusion requirements in container terminal 
automation. GCS is a software layer that is designed to operate 
as middleware between the various subsystems and a (terminal) 
host system. 

Every subsystem has a specific task, such as capturing OCR, 
handling Card Access Control, reading RFID tags, handling I/O 
signals and so on. In the end the Host System, normally a TOS, 
controls the flow of the area in which the subsystems operate. 
The Host System does not control the subsystems directly (its 
core function is to control the logistic operation), but it uses 
GCS to get input from and/or send output to the subsystems 
using a single channel to GCS only. Where a TOS has normally a 
single type of connectivity to external systems, GCS is the multi-
connector that deals with all the specific interface technologies 
of the subsystem vendors. GCS has a dedicated software module 
for every subsystem, which converts from subsystem format to 
its own database-driven messaging structure. Another dedicated 
module, the Message Handler, controls the process flow.

With GCS you can automate Gate operations, with step-by-
step control of the entire truck flow, from Pre-Gate to Gate Out. 

Ports automation: making order out of 
data chaos 
Meta Rotenberg, VP Marketing and Business Development, Hi-Tech Solutions, Rishon Le-Zion, Israel

The GCS WebClient is a web-based application where there is no need for deployment on PC client level – just use a standard browser.
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Every phase is monitored and the traceability of truck, driver 
and containers is easy. It merges LPR and OCR events from 
incoming and outgoing gates for a single truck. It gives a viewer 
to all images and video files captured at the OCR portals. You 
can also integrate nuclear detection systems, where alarms can be 
interfaced to route trucks if necessary. 

When Position Detection Systems (or PDS) are part of the 
waterside operations, GCS can merge OCR and positioning and 
provide job-step activation and confirmation. This eliminates 
the need of manual input at Quay Crane and confirmation on a 
screen in Container Handling Equipment (CHE). Combine this 
with twistlock control and it gives you our zero-error principle. 
Keywords: fast, reliable, controlled.

GCS WebClient
The GCS WebClient is a very powerful tool that gives operations 
control to GCS and the subsystems. As before, GCS is middleware, 
where 99% is running unattended and systems are designed to 
minimize exceptions. The user focus within the GCS WebClient 
is mainly on managing exceptions, monitoring and configuration. 
Apart from that it provides statistics and analysis functions. 

All data is stored in a database, where the customer can use the 
software’s own standard reporting tools to integrate GCS data into 
their own performance reports. Although GCS data is temporary, the 
customer can decide how long it is kept in the database, configured 
separately for messages, OCR events and other work data.

GCS is not a static environment; it has been enhanced and 
improved in an ongoing manner. With every new project HTS 
adds more features into GCS. It is designed using the Microsoft.
Net environment, with a SQL Server database. All modules 
are developed as individual Windows Services for unattended 
operation, compatible with various virtualized environments. 
The GCS WebClient is a web-based application where there is 
no need for deployment on PC client level – just use a standard 
browser. The GCS Pedestal Client is designed using embedded 
Windows on industrial PCs and provides the truck driver/self-
service user interface indoors and outdoors.

Another very beneficial function is the ability to create your 
own messages in the simulator, which is especially designed to 
help testing and implementation, even when some subsystems are 
not yet deployed. Every module also has an extensive logging file, 
which gives a clear view on the interface behaviour.

In our experience, issues may arise when new systems are 
integrated, where subsystem providers have difficulty finding 
issues in their own systems and assume the issue may lie in 
another subsystem. With full visibility into messages, timing, 
acknowledgement and content, the GCS reduces time for 
deploying and commissioning new systems. This is particularly 
important in the deployment of new and costly technology 
solutions in any container terminal project, but most important in 
regards to automation, since there is typically an extremely large 
investment made in infrastructure and equipment.

Hi-Tech Solutions (HTS) is a recognized leader in the Optical Character 

Recognition (OCR) and Computer Vision technology markets. Founded in 

1992, HTS is headquartered in Israel, with offices in the USA and Europe. With 

customers in over 40 countries around the globe, HTS provides OCR solutions for 

a wide range of security and transportation applications.

Hi-Tech Solutions

3 Shimon Israeli St., New Industrial Zone, Rishon Le-Zion 75144, Israel

Tel: +972-3-9634601 

Fax: +972-3-9634576 

info@htsol.com
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The GCS WebClient allows in-depth logging of truck activity.
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THE LAST WORD

“The mission of ADPC is to fulfill a role in 
the realization of the Abu Dhabi Economic 
Vision 2030. That is the plan for Abu Dhabi 
to change their economy, depending less 
on the oil and gas industry and developing 
new industries like ports, Industrial Zones, 
and tourism. The most important target 
for ADPC at the moment is to build and 
operate Khalifa Port as the modern gateway 
and hub in Abu Dhabi.

“The opening date is planned for the 
fourth quarter of 2012. It is not only a 
container port; it has also other facilities for 
General Cargo, and RoRo. There is one 
dedicated berth that has been operational since November last year, 
and that is for EMAL, the aluminum smelter.

“Khalifa Port and Industrial Zone is for sure our flagship project, 
and it is one of the  big projects that still continues. We have 
finalized all of the basic marine work – so the reclamation of the 
land, the quay walls, that’s all done – and now we can get all the 
other civil works in. Delivering the power from the power station 
and doing all the pavements, the storm drainage, and the electrical 
network – that is all in execution at the moment, with several 
different civil contracts. 

“The equipment contracts were awarded by the end of 
November last year. There are thirty Automated Stacking Cranes 
(ASCs) units, six ship-to-shore cranes, twenty Sprinter Straddle 
Carriers – the one-over-one type, fast straddle carriers. The first 
components have arrived now on the port island; it’s a contract that 
we have with Konecranes, and they are coming to do the assembly 
and erection of the cranes on site, which will start from early next 
month [September 2011]. 

“It’s our strategy for mitigating risk that we start testing and 
commissioning as soon as possible, so we know that the opening 
is planned for the fourth quarter of next year, but we will give 
access to the first ASC aisles to start the operational testing with the 
Terminal Operating System by the end of 2011 already, so we have 
quite a long period for the test runs.

“For what we call Phase 1A, Khalifa Port can handle 2 million 
TEUs. The initial volume will be just above 1 million TEUs, based 
on the equipment numbers mentioned before. So in getting to 
those 2 million TEUs, we will need to order some more equipment, 

because the civil works are already finished for 
the 2 million TEU terminal. 

“One of the biggest challenges faced is to 
build the first semi-automated terminal in this 
environment here in the Middle East – high 
temperatures, people who are not used to 
automation – so that all made up the decision 
to start testing as soon as possible, and also to 
get the people trained for this new concept. 

“The reasons why we chose the semi-
automated system, there are several, but one 
of the most important is because the whole 
port is offshore. That means you have quite 
a big investment in the civil works of the 

port, and the advantage of an automated system is the dense yard 
area, giving a high throughput on the terminal in combination with 
a high productivity on the quay. So that’s one of the reasons, and 
the other one is that you can operate a ‘green’ port,  good for the 
environment and the semi-automated system with all electrical-
powered cranes fits within that whole strategy. There are diesel/
electric straddle carriers running on the waterside, which minimizes 
the pollution to the environment as well. If you look at traditional 
terminals here in the Middle East, it’s mostly rubber-tired gantries 
in combination with terminal tractors, all diesel-powered, and of 
course that’s less friendly for the environment. 

“If you look at our project schedule, implementing the Navis 
SPARCS N4 TOS is one of the biggest challenges. It has never 
been done in that short a period, if you look at the history of 
(semi-) automated terminals, so what we did to mitigate that risk 
is say, ok, we want to buy a proven system, and we want to have an 
integrated solution from one supplier. An integrated solution for 
us is that you have your ASCs and your TOS in combination with 
one contractor, and that’s what we did in this case, Navis being a 
sub-contractor from Konecranes. 

“If you compare us with other ports in the region, most of them 
are still using the traditional mode of operation. We are the first 
one to go with semi-automation, that’s what’s different. You are 
not taking a big risk with the semi-automation nowadays, because 
there are a lot of these kinds of terminals in operation. Productivity 
is round about 35 moves per hour per quay crane, and it has the 
advantage of less labor costs and less damage and disruption of your 
operation if you go for semi-automated.”

To read the interview in full, visit www.porttechnology.org/joost

Joost Achterkamp, Terminal Area Project Manager for the Abu Dhabi 
Ports Company tells PTI about the challenges of launching the Middle 

East’s first semi-automated container terminal

Breaking
traditionwith
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