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Introduction
 

For some years now increasing importance has been placed on the ability 
of ports to be active, cooperative members of the supply chain, rather 
than standalone businesses. More and more, a port’s ability to integrate 
cohesively with its logistical partners in both the foreland and hinterland 
has begun to determine a port’s ability to compete with others. 

Now federal governments and international unions have begun to 
transform this tendency into policy and – crucially – increased funding. 
In the USA, the National Freight Program (part of the ‘Moving Ahead 
for Progress in the 21st Century’ bill) aims to free up more money for 
enhancing seaport connectivity and improve intermodal links between 
highways and rail connections. In Europe, the European Commission 
is pressing ahead with the Basic Trans-European Transport Network 
(T-ENT), which looks set to benefit ports such as the Port of Barcelona, 
transforming the port into a “a powerful Euro-Mediterranean logistics 
platform” (if the press release is to be believed).

As port economists and regular authors Dr. Theo Notteboom and 
Dr. Jean-Paul Rodrigue write in their article in this edition, “A better 
reconciliation between forelands and hinterlands would help to ensure 
that returns on investments are higher and that port terminals are able to 
cope with the growing capacity and frequency gaps” (page 11). In other 
words, better integrating your port’s activities with inland networks of 
load centers or a regional ports system will make you more competitive. 
The question is, whose cooperation will benefit you the most?

Elsewhere, despite the techniques being pretty ancient, hundreds of 
mooring accidents and incidents still occur at ports every year. The 
European Harbor Master’s Committee (EHMC) has just released 
an advisory video titled ‘The Missing Link: Improving the Mooring 
Process’, which you can watch in full on our website here:  
www.porttechnology.org/missinglink 

Walter Vervloesem, Chairman of the Nautical Institute’s Belgian 
branch, has just written a book on safe mooring, and in this edition 
of PTI he writes about the role that dock and harbormasters can play 
in ensuring that mooring is carried out safely, and that equipment and 
lines are in good shape (page 40). The Royal Boatman’s Association, 
based at Rotterdam, has also been busy developing their ShoreTension 
system for mooring lines, which they preview in an article on page 43. 

Our website www.porttechnology.org is updated daily with all the 
latest port industry news and latest technology updates, so please do 
log on. It also features our full free-to-access Journal Archive, and our 
Business Directory where you can source and compare port equipment 
and services – a very useful tool for use in the procurement process.

You can even 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   

Our Partners in Publishing
 The International Association of 
Lighthouse Authorities (IALA) 

The World Customs  
Organization (WCO)

 The International Maritime  
Pilots Association 

International Harbour  
Masters  Association (IHMA)

AIM

 The International Association of 
Airport and Seaport Police (IAASP)  ICHCA International
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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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The Global Terminal Operators section is where PTI publishes all the latest in  
research and development occurring in terminal networks worldwide. 

The section is supported by leading terminal operator networks including APM Terminals  
and DP World, who regularly publish articles detailing their progress and innovations. In 

addition, our supporters circulate the journal among key members of their staff as a reference 
source for use during research, product procurement and keeping abreast of industry news.

GLOBAL TERMINAL 
OPERATORS

Supported by:
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Since 2003, Drewry Shipping Consultants has published an 
annual report analyzing the container terminal industry, focusing 
on key issues and in particular the activities and strategies of 
global and international container terminal operators. This year’s 
report has highlighted a number of interesting new developments 
and trends. 

After the extraordinary challenges posed by the economic 
downturn of 2009 in which virtually all terminal operators saw 
their volumes substantially affected, most of the global container 
terminal operators saw a return to healthy volume growth in 
2010. Average terminal utilization levels were generally up, and 
operators increased their absolute levels of EBITDA compared 
with 2009 – although it is highly significant to note that even 
in 2009, EBITDA margins in percentage terms were largely 
maintained, a remarkable achievement. In absolute terms, HPH 
was the most profitable global container terminal operator with 
an EBITDA of over US$2 billion, up from $1.8 billion in 2009. 
PSA achieved an EBITDA of around $1.3 billion while DP World 
achieved an increased EBITDA of $1.24 billion, compared with 
$1.1 billion the previous year. ICTSI, PSA, HPH, DP World and 

HHLA all achieved an EBITDA margin in excess of 40% in 2010. 
APM Terminals, meanwhile, increased its margin to just over 20%, 
continuing a steady upward trend.

The main international terminal operators broadly 
maintained their positions in 2010, with those having significant 
interests in Chinese ports achieving particularly high growth. 
Singapore’s PSA was the leading global container terminal 
operator in 2010, with an equity-adjusted throughput of 51.3 
million TEU, around 14% higher than in 2009. Hutchison 
Ports is placed in second position, on 36 million TEU, followed 
by DP World on 32.6 million TEU and APM Terminals on 
31.6 million TEU. China’s COSCO Group is ranked fifth 
with 13.6 million TEU, some way behind the other top five 
members. PSA’s position at the top of the equity league table is 
strengthened significantly by its 20% shareholding in Hutchison 
Ports whereby in the Drewry analysis, PSA is credited with 20% 
of HPH’s equity TEU and HPH is debited this amount. If this 
approach is not taken – i.e. no adjustment for PSA’s stake in 
HPH – the PSA and HPH figures are actually 42.3 million and 
45 million TEU respectively.

Global container terminal operators 
forecast: 2012
Global economic downturn, demand upturn and the changing 
face of terminal network investment
Neil Davidson, Senior Ports Advisor, Drewry Shipping Consultants, London, UK

The container terminal industry proved its resilience to economic downturn during 2009, although worries over the US and Eurozone economies persist.
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Demand growth will soon outstrip capacity 
expansion
While there are still threats to global economic recovery posed 
by the Eurozone crisis and US debt negotiations, the consensus 
is that global economic growth will be sustained for several years  
to come. 

Drewry has incorporated this more positive outlook into its 
forecasting and projects that global container port throughput will 
grow by an average of around 7.5% a year over the next six years, 
rising to around 840 million TEU in 2016. This would be a near-
300 million TEU increase on 2010 levels, equivalent to an uplift 
of 55% – a very substantial increase that shows the effect of mere 
single-digit annual growth now that the industry has grown to 
such a large scale.

Significantly, the effects of the downturn are still to be seen 
in relatively low forecast capacity increases for many operators 
and for the industry as a whole, although global operators are 
now reactivating many terminal investments deferred during the 
financial crisis. Nevertheless, the current indications are that in the 
next five years demand growth will significantly outstrip capacity 
expansion, leading to rapidly rising utilization levels in many ports 
and regions of the world. 

The regions of the world where this is likely to be most 
pronounced are the Far East and South East Asia, where average 
utilization levels could exceed 90% by 2016 unless more capacity 
expansion projects are brought forward soon. Latin America and 
the Middle East will also see similar pressures, along with Africa 
to a lesser extent. In mature markets such as North America and 
North Europe the pressure is less because demand growth is 
not expected to be as strong. Surprisingly, despite current severe 
congestion in ports in India in particular, average utilization levels 
in South Asia could fall by 2016 because there are a number of 
very large expansion projects in the pipeline. However, it remains 
to be seen whether they are all built to the scale and on the timing 
their developers say they will be.

Caution: proceed with care
Nevertheless, all of the above comments have to be tempered 
with a note of caution. In the short time since the demand 
forecasts were made, there have been further jitters in the world 
stock markets, and the Eurozone crisis remains in the balance. 
Meanwhile major economies like the US and UK remain quite 
stagnant. Whilst major emerging world economies such as 
China, Brazil and India are remaining relatively buoyant, they 
are not immune from what is happening in Europe and the US. 
Nevertheless, it is clear that the main requirements for investment 
in additional capacity, and hence opportunities for operators and 
investors will be in the emerging economies, particularly China, 
India, South East Asia, Africa and Latin America.  

Reclassifying the world’s Top 10 container 
terminal operators
Turning now to the individual terminal operators and owners, 
in this year’s report Drewry has introduced an experimental 
additional ranking of terminal operators which includes SIPG, 
China Merchants and Modern Terminals in the Top 10. 

The Drewry World Container Terminal Ownership Ranking has 
been derived by including all companies with equity TEU of more 
than 1 million TEU in 2010, regardless of whether they operate 
internationally or not. In total this encompasses 65 firms and 
organizations ranging from the established international operators 
to state owned port authorities, financial investors and large local 
players. Taken together, the Top 10 players under this method of 
analysis accounted for 40% of world throughput in 2010.

Drewry decided to add a new analysis of the industry to this 
year’s report to give a broader perspective than just focusing on 
those operators that we class as ‘global’. There are many other 
significant terminal operators around the world, a number of 
whom have international ambitions. The new league table puts 
them into perspective and highlights the sheer scale of some 
of the ‘local’ operators. For example, just outside the Top 10 is 
Ports America with an equity TEU throughput of 8.1 million 
TEU in 2010, based entirely on US terminals. This throughput is 
equivalent to the combined throughput of several of the smaller 
international operators.

When compiling the extended analysis of terminal ownership, 
a complication is provided by the ‘level of equity’ question. In 
other words, what owners and what level of equity should be 
included? Should it only be the terminal operator level or also 
include ‘parent’ or ultimate ownership? For example, Shanghai 
International Port Group (SIPG) is a terminal owner and 
operator in its own right, but is 27% owned by China Merchants 

 2010 actual 2016 forecast

Far East 69.3% 97.8%

South East Asia 72.2% 93.5%

South America 66.3% 87.0%

Middle East 76.0% 88.6%

Central America 67.3% 83.2%

Africa 70.4% 78.9%

North America 54.1% 67.1%

North Europe 60.2% 66.2%

South Asia 76.4% 61.2%

World 66.5% 84.2%

Source: Drewry Maritime Research

AVERAGE REGIONAL CONTAINER TERMINAL UTILIZATION 
2010 AND 2016

Ranking 2010

2010 Operator Million TEU % Share

1 PSA 51.3 9.4%

2 HPH 36.0 6.6%

3 DPW 32.6 6.0%

4 APMT 31.6 5.8%

5 SIPG 19.5 3.6%

6 China Merchants Holding International 17.3 3.2%

7 Cosco 13.6 2.5%

8 MSC 9.9 1.8%

9 SSA Marine/Carrix 8.6 1.6%

10 Modern Terminals 8.3 1.5%

Notes:

Unless stated otherwise, figures include total annual throughput for all 
terminals in which shareholdings held as at 31st Dec 2010, adjusted 
according to the extent of equity held in each terminal

Figures include stevedoring operations at common user terminals

Cosco includes Cosco Pacific and Cosco Container Line

PSA and HPH figures have been adjusted to account for PSA's 20% 
shareholding in HPH

Some figures are estimated
Source: Drewry Maritime Research

DREWRY WORLD CONTAINER TERMINAL OWNERSHIP 
RANKING, 2010 (EQUITY TEU BASIS)
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Holdings International (CMHI), which also has a portfolio of 
terminal investments and so is also worthy of analysis. Likewise, 
Modern Terminals is a terminal owner and operator in its own 
right (owning shares in other terminals besides operating its 
Hong Kong base terminal) but is itself majority owned by CMHI 
and Wharf Holdings. Meanwhile Carrix/SSA is a well established 
international operator, but is 49% owned by Goldman Sachs, 
which is of interest when looking at financial players involved in 
container terminals. 

There is also the question of who is managing each terminal. 
While equity TEU reflects the financial investment or stake of 
the relevant parties, it does not necessarily reflect which operator 
is in the driving seat for each terminal. Even for 50-50 JVs, 
one party usually acts as the manager and day-to-day operator, 
with the other party more passive. This is clearly a complex and 
challenging analysis, and one which Drewry welcomes feedback 
and comment on as it seeks to refine and enhance the ways in 
which it analyses the industry.

In the course of producing this year’s report, Drewry has 
identified several emerging players who could break into the 
Top 20 global/international terminal operator league table in 
2011. The terminal portfolios of China Shipping and China 
Merchants Holdings International are rapidly becoming 
more international for example, whilst Shanghai International 
Ports Group (SIPG) now has its first international investment 
with a minority stake in APMT’s Zeebrugge operations. It is 
no coincidence that all three of these operators are based in 
China and are seeking outlets to invest cash. Other players are 
showing strong signs of pursuing international development 
too, notably the UAE-based Gulftainer, which has already found 
opportunities in Iraq and Brazil; and the Turkish based Yildirim 
Group, which appears to be using its 20% stake in CMA CGM 
and a springboard for terminal expansion. Noatum, the newly-
branded owner and operator of the former Dragados assets in 
Spain also has an appetite for international expansion, focused 
on OECD countries, and Ports America, the largest operator 
in North America and one of the largest in the world may also 
pursue selected international investments.  

Conclusion
In general, it is clear that the appetite for investing in the 
container terminals business has returned strongly. There 
is evidence of increased M&A and pr ivatization activity 
and also signs of renewed interested in bidding for greenfield 
developments. There are still some significant regional differences 
in the relative importance of global container terminal operators. 
For example, global terminal operators had a share of more than 
70% of total throughput in Western Europe and South East Asia, 

but only just over 23% in Eastern Europe. The Middle East and 
South Asia are still dominated by single global operators whereas 
local private-sector operators have leading positions in most of 
Latin America.

Several strong companies are mounting serious challenges to 
enter the big league based on very strong cash positions, and the 
incumbent international operators will need to be ready to face 
this new competition. The ongoing worries about the US and 
Eurozone economies remain evident, but the container terminal 
industry proved in 2009 that it is resilient and strong in the face 
of adversity, and operators and investors clearly recognize this.

Neil Davidson has over 25 years experience in the port sector. He joined Drewry 

in 1997 and founded the company’s ports practice. He contributes to both single-

client consultancy work and publications. His consultancy experience includes 

participation in port projects in locations including Europe, Asia, the Americas and 

the Middle East. He has also been closely involved as both contributor and editor 

of all Drewry’s port publications, and spoken at numerous industry conferences 

and seminars worldwide. His current role focuses on client advisory services as 

well as support and mentoring for projects and team members.

Tel: +44 (0)20 7538 0191 

Fax: +44 (0)20 7987 9396

Web: www.drewry.co.uk 
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Drewry projects that global container port throughput will grow by around 
7.5% per year over the next six years, to around 840 million TEU in 2016.



“The growing interest in port regionalization is a 
gradual and market-driven process imposed on ports 
that mirrors the increased focus of market players on 
logistics integration.”
‘Port regionalization: improving port competitiveness by reaching beyond the  
port perimeter’, page 11.

PORT FOCUS
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Port system development dynamics in the 
containerization era
Since the mid-19th century and up to the diffusion of 
containerization as a dominant form of freight distribution in the 
1980s, the development of a port system evolved from an initial 
pattern of scattered, poorly connected ports along a coastline to a 
main network consisting of corridors between gateway ports and 
major hinterland centers (see phases 1 to 4 on Figure 1). 

Container ization revolutionized maritime shipping and 
port terminal operations and supported the substantial growth 
in international transoceanic trade over the last decades. 
While traditionally most ports had a fairly clear and distinctive 
hinterland, containerization initiated a trend towards large 
overlapping or contestable hinterland regions. The competitive 
landscape became even more complex by the setting of 
large container transshipment facilities in locations with a 
weak hinterland. From the late 1980s, the integration of such 
transshipment hubs led to a new paradigm in port evolution. 

Transshipment hubs tend to have greater depth in view of 
accommodating modern containership drafts, placing them at a 
technical advantage and inciting the setting of hub-feeder services 
and interlining/relay configurations between mainline vessels (see 
phase 5). As intermediary locations, they offered a compromise 
between economies of scale in vessels and terminals, and the need 
to maximize connectivity in maritime networks.                       

Enter the hinterland regionalization 
paradigm
In the 1990s the growth in container traffic reached a level in 
several large port facilities where a more efficient form of 
hinterland transportation needed to be organized. It involved 
the incorporation of inland freight distribution centers and 
terminals as active nodes in shaping load center development 
(phase 6). This port regionalization phase is characterized by the 
joint and coordinated development of a specific load center 
and multimodal logistics platforms in the hinterland, ultimately 

Port regionalization: improving port 
competitiveness by reaching beyond 
the port perimeter
Dr. Jean-Paul Rodrigue, Hofstra University, New York, USA, & Dr. Theo Notteboom, President of ITMMA, University of Antwerp, 
Antwerp, Belgium

Figure 1. The spatial development of a port system. [1]
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Figure 2. Structures supporting port regionalization.

Figure 3. Foreland and hinterland-based regionalization: reconciling the pressures of massification and the demands of atomization.



 Zeeland Seaports has many strengths. The location on open 

sea, the depth of 16.5 metres, the congestion-free connections 

with the hinterland and the facilities. But one important reason 

to choose a port is still missing from this list. 

The people. Anyone who gets to know Zeeland Seaports  

becomes acquainted with professionals who are proud of 

their ports. Proud of their profession. And, as you know, pride 

is what fuels motivation. We know what is important to our  

customers in our ports, and it is effort that often makes the 

difference. In the boardrooms and on the quays, people who 

really know their stuff are there to brainstorm with you.

Are you looking for a port which you can count on  

at all times?

Would you like to take a chance with passionate professionals 

who don’t have a nine-to-five mentality, who make sure that 

cargo is handled quickly and carefully. Great, the port is our 

life. We know what hard work is and understand that your  

interests are also our interests. Clients come first. Always.  

Call our commercial department, who will be happy to put you 

in touch with the right terminal operator. We are available day 

and night on +31 115 647400  www.zeelandseaports.com 

Our people are just as easily  
accessible as our ports

driven by dedication
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leading to the formation of a regional load center network which, 
depending on regional characteristics, is supported by two types 
on inland infrastructures:

 Inland waterway ports  
   These ports are either standard inland maritime or barge ports 

that are being integrated to hinterland services of coastal ports 
through shuttle services by barges or smaller coastal ships. This is 
particularly the case along the Rhine and in the Low Countries, 
where inland barge ports acts as feeders for large ports in the 
Rhine-Scheldt Delta such as Rotterdam and Antwerp.

Inland terminals
   This is a rather more recent concept where a direct inland 

connection, particularly through rail, is established between an 
inland terminal and the port. It takes advantage of intermodal 
transportation and the improvements in the transshipment 
efficiency of port terminals. North America has seen the 
extensive development of inland terminals and their associated 
logistics zones.

The formation of an inland load center network therefore 
involves a series of inland terminals (IT) linked to the port 
facilities by high capacity rail or barge corridors (Figure 2). 
Also, a supporting land use structure needs to be established, 
mostly concerning the clustering of logistics activities (e.g. 
distribution centers) and often in co-location with the terminal 
facilities. For instance, port-centric logistics zones support freight 
distribution activities related to maritime shipping and have a 
dominant international trade orientation. Port authorities tend 
to be proactive in this type of development since it supports 
and provides added value to port activities. An inland port 
is an intermodal terminal (commonly rail) built or updated 
concomitantly with the development of adjacent (co-located) 
logistical and service activities. An intermodal industrial park is 

a similar structure although in proximity (not co-located) to the 
terminal facility.

The growing interest in port regionalization is a gradual 
and market-driven process, imposed on ports, that mirrors 
the increased focus of market players on logistics integration. 
The regionalization phase demands appropriate structures 
to be in place as to face the challenges posed by changing 
port-hinterland relationships. Port authorities often adopt a 
facilitating or catalyst role in enhancing regionalization. In some 
cases they even take financial participations in the development 
of logistics zones and inland ports, as illustrated by the financial 
involvement of the Antwerp Port Authority in Trilogiport (a 
new terminal/logistics area in the inland port of Liège) and its 
minority shareholding in the Beverdonk container terminal 
along the Albert Canal in Belgium.

Foreland-based regionalization: Integrating 
transshipment hubs
Regionalization is a process that has been looked so far as taking 
place over the hinterland, but regionalization can also take 
place on the maritime foreland. The concept of foreland-based 
regionalization refers to the integration of intermediate hubs in 
regional shipping networks, where the maritime foreland of 
the intermediate hub is functionally acting as a hinterland. For 
reasons like deviation, small volume and niche hinterland, some 
ports are not that well-connected to the global long-distance 
shipping network and show limited opportunities to improve 
this connectivity. Shipping companies must consider effective 
network configurations that tend to focus on major gateways and 
intermediate hubs.

At a regional level, several small or medium-sized ports may 
realize that it is in their long-term interests to have a higher 

Figure 4. The European container port system and its main regionalization clusters. [2]
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level of integration with an intermediate hub, even if it 
comes at the expense of shorter distance liner services calls. 
Foreland-based regionalization can support export-oriented 
strategies with a better connectivity of more marginal (or in 
their early stage of growth) ports to global shipping networks 
and thus international trade. There are also site constraints, 
environmental factors or low market potential that may limit 
the volumes generated by the hinterlands of some ports. On the 
intermediate hub side, the volatile long-distance transshipment 
traffic would be complemented with a more stable and secure 
regional gateway traffic. Both the foreland and the hinterland 
are thus mutually self-reinforcing, as hinterland stability can 
anchor the volatility of the transshipment function, particularly 
in light of footloose operators.

Massification versus atomization: a 
growing gap?
Freight flows on the foreland and hinterland are not taking 
place at the same momentum, particularly since on the foreland 
economies of scale have been more effectively applied than on 
the hinterland. This creates a capacity/scale gap between inland 
and maritime transportation as economies of scale in maritime 
shipping cannot be effectively reconciled with economies of scale 
in inland transportation. Inversely, there is a frequency gap as inland 
transport systems operate at a higher frequency to accommodate 
punctual (atomized) demand (Figure 3). In both cases, port 
terminals are facing pressures to accommodate these gaps with 
regionalization as a resulting strategy. Hence, port regionalization 
allows stretching the massification of flows beyond the port toward 
the hinterland through the use of high capacity barge or rail 

shuttles linking the port to a set of inland ports and logistics zones.  
In light of an increasing massification of containerized freight 

loads, and while the ultimate goal remains atomization (individual 
containers delivered to freight owners), the insertion of an 
intermediate hub can in some circumstances act as a mitigation 
strategy that can complement the setting of an inland load center 
network. The largest containerships can call at intermediate hubs 
with high capacity and frequency services. Through feedering, 
ports serviced through the intermediate hub can have smaller 
ships (e.g. Panamax class) calling at a high frequency.

A look at European and North American 
hinterland-based regionalization
Regionalization strategies are strongly influenced by the 
geographical characteristics in which they take place. In Western 
Europe, the hinterland is not only intense along the coastline 
but also in the interior, notably along the Rhine-Scheldt delta; 
Bavaria in the South of Germany; the economic centers around 
Milan in Northern Italy, Madrid in central Spain and major 
markets in Paris; the Liverpool-Manchester-Leeds belt in the UK; 
and the belt reaching from Austria to the growing production 
clusters in Hungary, the Czech Republic and Southern Poland. 
Moreover, a large part of the European economic centers are 
somewhat remote from the main shipping lanes as is the case for 
the countries around the Baltic. European gateways are therefore 
not the only major markets, but often intermediary locations, 
even if many are important industrial centers (Figure 4).

The hinterland is accessed from coastal gateways such as 
Rotterdam, Antwerp, Hamburg, Bremerhaven, Le Havre, 
Barcelona, Marseille and Felixstowe by medium-distance 

Figure 5. The North-American container port system and its main regionalization clusters. [3] 
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corridors involving a variety of combinations of road, barge 
(where available) and rail services. Each of these gateways have 
implemented in the last decade active hinterland regionalization 
strategies, with ports of the Rhine-Scheldt delta being the most 
active and successful in establishing a network of inland load 
centers. Their hinterland reach and scale is such that they are able 
to successfully compete in the more distant hinterland regions, 
introducing competition with Mediterreanean gateway ports such 
as Genoa, La Spezia, Venice and Trieste for north-Italian cargo, 
and Marseille for cargo destined for southern France.

In North America, there is a high level of concentration of 
economic activities along coastal areas (East and West coasts) 
with significant resource and manufactur ing hinterlands. 
Gateways tend to be the dominant markets and this for all the 
two major maritime facades, the East and the West coasts 
(the Gulf Coast plays a more marginal role, particularly for 
containers). Commercial considerations were those that shaped 
North American gateways and corridors the most, which have 
remained quite stable in time, albeit with an ongoing trend of 
traffic concentration. North America relies on a relatively small 
number of gateway regions (with the San Pedro Bay port region 
in California showing the highest container throughput) and less 
developed port ranges.

From coastal gateways longitudinal long distance rail corridors, 
often taking the form of a landbridge, are servicing a continental 
hinterland articulated by major transportation and industrial hubs 
such as Chicago and Kansas City. The large scale inland rail freight 
transport system of North America is unique in the world, not 
only because of its sheer size, but also because of the direct link 
made between two different coastlines.

To what extent a port’s future is decided in 
the hinterland?
After more than half a century of containerization many ports 
are facing pressures to improve their capacity and performance 
in light of constraints in the availability of land for expansion. 
Port regionalization, through the setting of an inland network of 
load centers, is a strategy that has been used to massify hinterland 
transportation and correspondingly improve port competitiveness; 
hinterland-based regionalization. Another form of regionalization, 
less common, relates to the usage of transshipment hubs as 
gateways to a regional port system; foreland-based regionalization. 
A better reconciliation between forelands and hinterlands would 
help to ensure that returns on investments are higher and that 
port terminals are able to cope with the growing capacity 
and frequency gaps. The ports that are the most proactive at 
implementing regionalization strategies are those that will be able 
to compete the most effectively in attracting port calls and their 
related traffic.

[1]  Adapted from T. Notteboom and J-P Rodrigue (2005) “Port 
Regionalization: Towards a New Phase in Port Development”, 
Maritime Policy and Management, Vol. 32, No. 3, pp. 297-313.

[2]  Adapted from Rodrigue, J-P and T. Notteboom (2010) 
“Comparative North American and European Gateway 
Logistics: The Regionalism of Freight Distribution”, Journal of 
Transport Geography,  Vol. 18, No. 4, pp. 497-507.

[3]  Ibid.
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“Contractors are the experts and when brought in early 
can offer technical know-how and innovative ideas to the 
client. The contractor’s knowledge will also help develop 
more realistic and reliable operating schedules and cost 
estimates for a project.”
‘Early contractor involvement in infrastructure projects’, page 26.

PORT PLANNING, DESIGN 
AND CONSTRUCTION 
FEATURING FINANCE
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In the 50th Edition we discussed the business complexities of ports/
terminals and the continuing pressures they face, which show no signs of 
abating. In order to help improve business performance, whilst dealing with 
these challenges we introduced the concept of Port Business Architecture 
(PBA). In Part 2 we look at how to implement PBA, further 
highlighting the benefits such an approach can bring. 

A port is clearly a complex business operating as a key link in 
an international supply chain. There are increasing pressures 
to improve profitability, whilst delivering enhanced services at 
lower costs in a secure environment, with due considerations to 
sustainability and safety. Ports therefore must be designed with 
adaptability and continual improvement in mind.

The approach we at BMT have termed Port Business 
Architecture (PBA) will enable a Port Operator to design the 
most effective business model, whilst taking into account the 
complexities outlined in Part 1.

What is PBA?
Port Business Architecture (PBA) can be defined as a coherent 
number of principles, methods, and models that are used in the 
design and realization of a port’s strategic objectives, organizational 
structure, business processes, information systems and infrastructure. 

In practical terms, a port’s business architecture is a model 
of the business that enables decision makers to ask pertinent 
questions and obtain answers in which they feel confident 
about, providing an approach similar to the successful ‘Ask 
Jeeves’ model. This is not something you can buy off-the-
shelf but a bespoke solution tailored to meet the specific needs 
and aspirations of a port or terminal. It takes time and effort 
to create such a model, but you do not need to wait until it 
is complete to realize the business benefits. In fact, merely the 
conscious decision to embark on this journey can spark a flurry 
of meaningful questions that your organization should know 
the answer to, probably thinks it knows the answer to, but on 
embarking to solve a problem realizes that it actually doesn’t 
hold these answers. This type of misconception is a common 
reason why investment projects do not finish on time or budget. 
With PBA, this genie can be firmly put back in the bottle where 
it belongs.

As part of the implementation process of introducing the 
Port Business Architecture approach, it is necessary to set up a 
strong governance structure, identifying the necessary rules and 
guiding principles, a framework, processes, an effective software 
tool to hold the model and of course the people to run the Port 
Business Architecture.

Port business architecture – helping to 
improve business performance 
Part 2: How to implement PBA at your facility
Martin Sharp, Business Development Manager, BMT Hi-Q Sigma Ltd., London, UK

Figure 1. Overview of the structure of Port Business Architecture.
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The journey is just as important as the 
destination
What has been found to be even more important than having a 
completed Port Business Architecture model is the journey an 
organization takes to achieve the end goal. This is often where 
significant improvements are made because a company, in many 
cases for the first time, duly considers who its customers are, what 
it offers, what it delivers, what it does behind closed doors, why 
it does it and determines where costs are incurred. The simplest 
way to look at these areas is to start by documenting them in a 
single, integrated model of the end-to-end business. This model 
will contain details of the processes, the organization that uses 
the processes and the IT that supports those processes. In every 
consultation carried out by the authors and their colleagues, 
opportunities to improve the business have been identified during 
this discovery phase time and time again. 

To enable an organization to start this journey, the process 
requires a buy-in from senior executives and effective 
communication of the overall improvement objectives to all 
staff. This is probably the hardest aspect of such a program, as 
individuals will start becoming aware of changes that may affect 
them and their position. In essence, we are asking people to 
think about what they do, why they do it and most importantly 
consider themselves as part of a process, part of a link in a very 
important chain. 

How many times have your employees wished that they had 
been given different information, perhaps more or maybe less, 
that would have enabled them to do their job more efficiently? 
The key is to encourage individuals to consider who relies upon 
them in the overall process and make sure they deliver what the 
next person in the process actually needs, not what they think 
they need. This is a fundamental part of the process in order to 
ensure an organization can benefit from continuous business 
improvements. 

How do we start the journey?
Executive buy-in
The first step is to sell the benefits of PBA to the senior 
executives and clearly articulate the Change Program which 
will follow to the workforce. The executives need to clearly 
understand the associated costs and most importantly, the return 
on the investment in PBA. The challenge is that ports and 
terminals are so busy improving their operational efficiency that 
they have little time to consider improving business efficiency. 
This is where a Management Consultancy who understands 
Ports and the Port Business Architecture approach is very cost 
effective at helping you to take the initial steps. When considering 
external consultants ensure that they are focused on transferring 
knowledge to your own internal team as it is up to you to own 
the approach and the resulting PBA. 

PBA virtual team (PEOPLE)
It is also necessary to create a small team (this should be a virtual 
team – initially part-time) that analyzes a cross-section of the 
business. Their role is to clearly and precisely define the questions 
that the port/terminal wants to be able to answer more easily and 
more confidently.

Define PBA questions
A few questions have been mentioned in this article, but it 
is important to consider not only the question, but also who is 
asking it. A simple question such as “What do we need to do 
to accept the Triple E Class of vessels? And should we do so?” 
has many different levels of detail in the answer, which will be 
pertinent to certain individuals in the business. For example, a 
planner will be concerned with time and numbers of containers 

moved; the finance officer will want to focus on fuel costs; 
maintenance will look at ongoing costs, while the CEO will want 
to see trends and margins. 

Define PBA nomenclature and structure (FRAMEWORK)
As aforementioned, the objective of PBA is to create a model, 
similar to the ‘Ask Jeeves’ concept. Therefore, the next step 
is to define the structure of the knowledge base/model that 
will enable the business to obtain the answer in a form that is 
appropriate to their needs. This can be technically challenging 
and an independent expert with expertise in this could prove 
extremely beneficial. A PBA metamodel and a PBA framework 
that is configured for a particular business are both needed. 

Figure 2 is a partial metamodel of a port or terminal. The 
rectangles represent the areas of interest to the business with the 
lines between the boxes indicating how these areas relate to one 
another. For example, a ‘Crane’ is a particular type of ‘Equipment’ 
that is a particular type of ‘Physical Resource’. A ‘Physical 
Resource’ consumes ‘Energy’ and so on. These relationships are 
important to allow us to answer questions such as: “What will be 
the effect on my OPEX if I update my port to accept the Triple E 
Class of vessels?”

The next aspect is to define a Framework. A Framework is a 
simple way of categorizing the information you are going to store. 
It helps those responsible for the model to maintain it and ensure 
they can provide the right information.

Figure 3 shows three different types of frameworks. These are 
combined and configured for the particular port or terminal. This 
becomes part of the IPR (Intellectual Property Rights) for that 
organization.

Figure 2. Metamodel of operational processes of a port or terminal.
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PBA Governance 
Architectural Governance comprises the rules that determine 
who is allowed to change, add or delete what type of information 
at which particular location within the PBA. In other words, they 
are the rules that determine how the organization maintains the 
PBA. Governance must be defined to ensure: 

Strategic alignment across the organization

Value through-life delivery across the whole enterprise

Consistent performance measurement is achieved

Effective management of risk

Regulatory requirements are met

Value for money for the investor.

Defining PBA tooling
Captur ing information about the port and its business 
operations is vital and so a robust tool must be in place to enable 
organizations to carry out this important activity. There are many 
tools on the market each claiming to provide a complete solution, 
but do not forget that the objective is to deliver business benefits 
quickly and consistently. 

Therefore, organizations must ask whether or not the tools 
that they already have could achieve this and do you in fact need 
specialist tools that not only can incur further costs, but can also 
add some degree of complexity when integrating with existing 
business infrastructure. 

START using PBA on a project
The most important part of the journey is to start using the principles 
of PBA on a particular project. The project can be small and will not 
only require you to define a number of processes, but to look at the 
people involved both within the port and the external supply chain. 
It needs to consider technology, potential civil engineering changes 
and of course finance. Following the steps outlined above will allow 
organizations to develop their first PBA model. This can be used and 
extended as other improvement projects occur.

Communicate results
Through this approach valuable information about the Port 
Operations and the associated benefits will be recognized and 
this should be communicated across the whole organization. The 
initial success will encourage other projects to want to use PBA 
and instill confidence in using such an approach to a point at 
which PBA becomes the norm. 

Ports that implement a Port Business Architecture approach will 
better understand its business and how the people, processes and 
technology need to be balanced to deliver the business objectives 
and satisfy the end customer’s demands. With the help of a Port 
Business Architecture, a port is able to ask strategic questions to 
help it determine what changes it should make and the investments 
needed to meet the current and projected market requirements. 
Also, the Port Business Architecture enables a port to quickly 
understand the tactical, in-depth implications of a chosen strategy 
route and therefore allow it to take more effective, calculated risks 
through a fuller understanding of the impact of specific objectives.

Martin Sharp has spent over 20 years working across a broad range of 

industry sectors delivering business improvements through the implementation 

of Enterprise Architecture. He is a Naval Architect and Chartered Engineer and 

combines his marine expertise with that of Enterprise Architecture to deliver 

this capability in the ports sector. He is proud to be part of the BMT Group of 

companies and to be regarded as the world’s first Port Business Architect.

Email: martin.sharp@hiqsigma.com 

Web: www.hiqsigma.com/ports-and-shipping 
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Figure 3. Three differing types of architectural framework for a port or terminal.
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Koseq produces a smaller version of the rigid sweeping arm: the 
compact rigid sweeping arm.

The compact rigid sweeping arm is shorter and lighter than 
the normal rigid sweeping arm, and therefore perfectly suited to 
be used on smaller vessels. The way it works is identical to the 
“normal” sweeping arm: the vessel sails through the oil slick, with 
the sweeping arms alongside.   

History of the rigid sweeping arm
The grounding in 1967 of the tanker Torry Canyon in the English 
Channel made the world aware about big oil pollution dangers 
from groundings and collisions of large tankers. At that time, oil 
spill response awareness had only started with collecting oil spills 
from incidents in harbors and estuaries placing oil booms around 
an oil spill. Stationary oil booms at that time were inadequate to 
be used at sea.

Considerable human safety problems derived from working from 
the stern of a supply vessel deploying and retrieving oil booms 
during severe weather conditions. Once an oil boom is finally 
deployed, it is very difficult for the crew to place and maintain oil 
skimmers, deployed from the supply vessel, into the oil contained 
within the oil boom. Sea state, wind and currents, all are conflicting 
with each other and the crew has to work constantly under very 

difficult and dangerous conditions on a rolling and pitching deck, 
often covered with a layer of oil/water mixture.

The problems with using oil booms at sea were already 
envisaged during the first oil recovery operations of the grounded 
tanker Torry Canyon, after which Mr. Gert Kampers, Managing 
Director of Koseq, commenced fine-tuning his idea for the Rigid 
Sweeping Arm. Together with the Dutch Coast Guard, the Rigid 
Sweeping Arm was further developed and tested at sea during 
“real” oil spill recovery operations in the North Sea.

During 1998 the Dutch Coast Guard launched their first 
purpose built multi-role Oil Spill Recovery Vessel (OSRV) ARCA, 
having an oil storage capacity of 1000m3, equipped with two 
15-meter Rigid Sweeping Arms and purpose-built sweeping arm 
handling cranes. The ARCA has worked on a variety of oil spill 
recovery operations in The Netherlands, UK, France and Spain.

Koseq has equipped now over 70 vessels with the unique rigid 
sweeping arms. Trailing Hopper dredgers are used because of their 
large hopper storage capacity, but also tankers and tugs. 

In practice
On November 13th 2002, near the Spanish coast, the tanker 
Prestige began listing in bad weather and leaking oil. Eventually 
the ship broke and sank to the ocean floor, over 3 kilometers 

The Koseq Compact Sweeping arm: 
rigid arms for use in ports and rivers
Tom Achterberg, KOSEQ, The Netherlands

Compact 8 sweeping arms in storage with Rijkswaterstaat.
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deep. The ship was carrying 76,972 tons of IFO 650 heavy fuel oil 
and the accident caused one of the largest environmental disasters 
in Europe of the last decade.

Several ships from across Europe contributed in recovering the 
oil. The European Maritime Safety Agency (EMSA) compiled a 
list of the quantity of recovered oil per ship. The performances 
of the Rigid Sweeping Arm systems during the Prestige spill 
were remarkable. It is independently documented that the vessels 
equipped with rigid sweeping arms are by far the most effective.

The figures prove that the rigid sweeping arm is by far the 
best and most superior in recovering large quantities oil (in this 
case heavy fuel oil), even in bad weather conditions. Also during 
other large oil spills, like the Erika oil spill (France, 1999) and 
the Macondo oil spill (Gulf of Mexico, 2010) the Koseq rigid 
sweeping arms proved to the very effective.

How the Rigid Sweeping Arm works
The rigid sweeping arm is a free-floating steel construction, 
trailed next to a vessel. Instead of containing an oil slick, as is 
done when booms are used, the rigid sweeping arm is used for 
chasing the oil. When the vessel is maneuvered through an oil 
slick, the oil/water mixture is guided along the bridge section of 
the rigid sweeping arm via the adjustable debris screen to the oil 
collecting chamber in the inner pontoon. From here it is pumped 
by the hydraulically-driven portable submersible oil pump and 
discharged directly into the oil collecting tanks of the oil recovery 
vessel via flexible cargo hoses.

The oil/water mixture in the oil collecting tanks is separated by 
difference in specific weight. The excess water underneath the oil 
is discharged overboard. The vessel continues to sail through the 
oil slick like a lawn-mower, until most of the oil is recovered.

Koseq compact sweeping arms: rigid arm 
technology for use in ports and rivers
Just like his big brother, the Compact Rigid Sweeping arm is 
equipped with a pump in the oil collection chamber for recovery 

and discharging the oil to the ship. Optional are brush skimmer 
cassettes that can be fitted in the oil collection chamber. In this 
way light oils can be recovered, while a minimal amount of water 
is taken in. Mounting these brush skimmer cassettes is an easy 
job: within a few minutes the weir skimmer is transformed in 
a brush skimmer system. The Compact Rigid Sweeping Arm 
is already equipped with the necessary hydraulics for operating 
the brush skimmer. As the brush skimmer is placed in the oil 
collection chamber behind the debris screen, the system still 
benefits from this device. The foldable screen prevents debris 
from entering the system.

The Compact Rigid Sweeping Arm comes in two in different 
lengths: the Compact 5 is five meters long, and the Compact 8 is 
eight meters long. The size and also weight makes it possible to fit 
the arms on small bunkering vessels or tugs. Vessels equipped with 
these arms are still easy to maneuver and therefore well-suited for 
operating in ports and rivers.

A brush skimmer mounted on a compact sweeping arm.

Koseq sweeping arms in action in the Gulf of Mexico.
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In the Netherlands, Rijkswaterstaat (the Dutch Coast Guard) has 
several Koseq Compact rigid sweeping arms in use. The arms are 
used in some ports, but are also for use in case of an oil spill on the 
Wadden Sea. This very important piece of nature has been listed as 
a UNESCO World Heritage. The shallow area is only accessible for 
smaller vessels and the Dutch Government equipped vessel with 
Koseq Compact Rigid Sweeping Arms for protecting it.

Equipping vessels with Koseq Compact Rigid Sweeping Arms 
is relatively easy. Often an existing crane on the vessel can be 
used for deploying the arms. When the deck is spacious enough, 
the sweeping arms can simply be stored on it. For powering 
the equipment, one or two diesel-driven power packs can be 
delivered, including controls for operating the equipment. The 
investment for adapting the vessel in order to be able to carry the 
Koseq Rigid Sweeping Arms is minimal. The most important for 
the vessel is that it has storage capacity for the recovered oil.

Born in 1965 in Piershil, The Netherlands, Tom Achterberg has his degree of 

Bachelor of mechanical engineering. He has worked for several companies as 

engineer and project manager. He joined the Kampers Group in 1999. Since 

the start of Koseq in 2004 he has coordinated all activities of development and 

manufacturing of oil spill recovery equipment.

The Kampers Group was founded in 1972 by Mr. Gert Kampers, which began 

by making wheelhouses for inland vessels. Nowadays there are three companies 

in the Kampers portfolio: Kampers Pompservice, Kampers Scheepskonstruktie 

and most recently Koseq (Kampers Oil Spill Equipment), which is specialized in 

developing and producing oil recovery equipment.

Kampers Oil Spill Equipment B.V.

P.O.Box 5606

3297 ZG Puttershoek

The Netherlands

Tel: +31 (0)78 6763811

Email: design@koseq.com 

Web: www.koseq.com 
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The Compact 5 arm on an inland bukering vessel.

Compact 5 in action in Rotterdam harbor. Easy deployment of the Compact Sweeping Arm on an inland bukering vessel.
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What is Early Contractor Involvement?
The preparatory work for large infrastructure projects often 
consumes an extraordinary amount of time, money and human 
resources and is not particularly cost-effective. Some of this 
inefficiency is caused by traditional procurement methods which 
bring contractors into the process after many key decisions have 
been made. The clients and consultants are asked to make design 
decisions with insufficient information and know-how as to the 
available technology, equipment and potential innovative solutions. 

Early Contractor Involvement (ECI) provides an efficient 
means of designing and planning infrastructure projects in a 
cost-effective, more efficient and less adversarial structure. Using 
ECI with a properly executed contract that reflects a partnering 
relationship should increase transparency and therefore reduce risk, 
increase shared responsibility and limit the reasons for litigation.

How do traditional procurement methods 
work?
With traditional procurement a client/owner must make many 
decisions before accurate information has been collected, 
especially from the contractors – who will ultimately be 
responsible for executing the work. The experiential knowledge 
of contractors is rarely requested in the planning stages and is 
therefore seldom used. This ultimately leads to inaccurate 
conclusions, which reflect badly on the clients, consultants and 
contractors. Project designers – who often do not know how to 
scope and cost – come on board first. Secondly, the contractors, 
who are the experts, are brought in. Getting involved when a 
design has already been determined forces contractors to be 
reactive instead of pro-active. By telling the contractor what to do, 
by taking the lowest price and negotiating it downwards, the 

Early Contractor Involvement in 
infrastructure projects
A new concept that aims to better inform the procurement 
process 
International Association of Dredging Companies, The Hague, The Netherlands

Delfland Sand Engine on June 14, 2011 showing the progress of construction of the peninsula which will extend about 1 km into the North Sea.
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situation worsens. Rather than negotiating the price downwards, 
prices rise and performance decreases.

In fact, often when project performance on a major 
infrastructure project is less than optimal, the reputation of 
the construction industry in general is harmed: The public’s 
perception (and the clients’) may be that time schedules are not 
trustworthy, budgets are running wild, technical solutions are 
failing more often than not and the government, the authority 
and the industry just seem to have difficulty getting it right.

Is ECI always a better choice than 
traditional procurement systems?
No, ECI is not always the best choice. For instance, for repetitive 
work such as routine maintenance dredging, ECI does not offer 
a specific advantage. These types of projects – which are done 
more often, where data is fully available, where environmental 
assessments have been conducted in the past and where the 
contractor has a long-term agreement with the port or authority 
– do not require unusual or extensive operational planning.

When does ECI offer benefits that 
traditional procurement systems do not?
For complex mega infrastructure projects such as large 
reclamation works, port expansion and new port development, 
ECI offers benefits that traditional procurement systems do not. 
Contractors are the experts and when brought in early can offer 
technical know-how and innovative ideas to the client. The 
contractor’s knowledge will also help develop more realistic and 
reliable operating schedules and cost estimates for a project.

What are the clients’ needs when 
considering a project?
Before a project starts, the owner/client will have multiple 
questions such as:

 Is the construction operation feasible? 

 Is the necessary equipment available? 

  Is special equipment required or are standard techniques sufficient? 

 What production rates can be achieved? 

  How will the contract look, a separate contract – or several 
subcontracts? 

 And of course, what are the estimated costs?

Often this type of information must be included in the 
owner/client’s Environmental Impact Assessment (EIA) and 
permitting applications. In some cases the EIA application may 
require even more operational details, such as how a project 
will be executed; what the dredging periods (windows) will 
be, how much spill can be anticipated, what the environmental 
consequences may be and what kinds of control measures, 
including monitoring for instance, will be initiated. For 
this reason, clients often recruit consultants for advice, but 
consultants do not necessarily have the knowledge necessary to 
answer all of these questions adequately.

How can ECI help consultants do their job?
Consultants can benefit from ECI because the contractors can 
offer support in answering some of the tough questions: For 
instance, with the contribution of the contractors, an EIA may 
be better defined. Contractors know best which equipment is 
most appropriate for a specific job, and what types of impacts they 
may have. By advising the consultant, the project team can better 
estimate which impacts may occur and thus which environmental 
investigations are necessary – and which are not. This may 
result in cost savings from the start. In general, by defining the 
environmental situation more clearly early on, fewer surprises will 
occur later when the project is underway. And fewer surprises 
mean fewer risks and less unexpected costs.

What are the benefits of ECI for clients?
For a client, a particular mega project is probably a once-in-a-
lifetime venture, but for a contractor it is business as usual. For 
a client, land reclamations for a port expansion or an airport 
platform are challenges, whilst it is the contractor’s bread-
and-butter business. Involving the contractor early on means 
that the client/owner will have the contractor’s state-of-the-
art knowledge available from the beginning of a project. This 
will create better awareness and understanding of risk profiles, 
which in turn will result in fewer changes during later stages. 
Also, the long-term commercial consequences of a project will be 
better understood at an earlier date so that finding mechanisms 
for dealing with consequences can also be foreseen. The added 
value of Early Contractor Involvement means that instead of 
compromising on essential decisions, the parties together can go 
beyond mediocre compromises and, with input from all, create 
unique added-value solutions.

Early Contractor Involvement can result in a broad range of benefits to the clients of large, complex infrastructure projects, which require specialised expertise and a 
high level of technical knowledge.
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Does ECI violate the legal (national 
and supra-national) requirements for 
competition?
Keeping in mind that competition may not be precluded in 
any form, European Union regulations certainly allow for a 
client to seek professional advice at an early stage of a project’s 
development as long as “the principles of transparency” and equal 
treatment are respected. According to Directive 2004/18/EC, 
Recital 31:

“Contracting authorities which carry out particularly complex 
projects may, without this being due to any fault on their part, 
find it objectively impossible to define the means of satisfying 
their needs or of assessing what the market can offer in the way of 
technical solutions and/or financial/legal solutions. This situation 
may arise in particular with the implementation of important 
integrated transport infrastructure projects (…)”.

“To the extent that the use of open or restricted procedures does 
not allow the award of such contracts, a flexible procedure should 
be provided which preserves not only competition between the 
economic operators but also the need for contracting authorities to 
discuss all aspects of the contract with each candidate”.

What is meant by the “principle of 
transparency”?
The European Court of Justice ruling Commission v Succhi 
di Frutta SpA C-496/99 (2004) stated that: “The principle of 
transparency (…) implies that all the conditions and detailed 
rules of the award procedure must be drawn up in a clear, precise 
and unequivocal manner in the notice or contract documents so 
that, first, all reasonably informed tenderers exercising ordinary 
care can understand their exact significance and interpret them 
in the same way and, secondly, the contracting authority is able 
to ascertain whether the tenders submitted satisfy the criteria 
applying to the relevant contract”.

Why must Key Performance Indicators (KPIs) 
be included in the tendering documents?
One way of guaranteeing transparency and avoiding the 
criticisms of favoritism when implementing Early Contractor 
Involvement is to use “Key Performance Indicators” (KPIs). 
KPIs are general business jargon for defining and measuring 
performance. They are often used to evaluate the success of an 
operation, or, in this case, to measure qualifications to be used 
during tendering. Choosing the correct KPIs is dependent on 
the client having an understanding of what is important when 
putting a job out to tender.

When using ECI to gain sound advice about a design 
plan, KPIs are an important tool for ensuring a level playing 
field for the tender. KPIs are selected at the discretion of the 
contracting authority and could include, for instance, technical 
know-how (how to draft conceptual designs); the strength of 
the proposed project management; the willingness to cooperate 
and minimize risks; the ability to take responsibility for third 
party involvement; creativity and innovation when designing  
the project; and good communication and training skills. 
Whatever KPIs are stipulated, their order of importance and 
the weighting of their importance should be transparent to all 
parties at tender notification.

Why would a contractor want to be 
involved early on in a project?
Some of the greatest stumbling blocks in a mega project are 
unforeseen occurrences which can result in extra costs, debate 
about the allocation of responsibility, and potential liabilities. 
Through ECI contractors see an opportunity to enter a 
partnership with the client at a stage where all aspects of the 
operation can be discovered together. 

As partners the client and contractor are in the project 
together and what is good for one partner is good for the other. 

Early Contractor Involvement can result in a broad range of benefits to the clients of large, complex infrastructure projects, which require specialised expertise and a 
high level of technical knowledge.
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This leads to contractual agreements which build a transparent 
relationship: A relationship where all parties feel ownership in the 
project, share decision-making responsibilities, where the risks 
of misunderstandings are reduced and a culture of blaming each 
other is avoided. 

Finding solutions for challenges becomes the focus. Of course, 
a project must be attractive in terms of each of the parties’ 
needs, where financial viability and profitability are present, but 
avoiding disputes is to everyone’s benefit – and not in the least 
the contractors.

What are the core requirements to 
implement ECI?
One core requirement to implement ECI is a commitment 
to ECI from the top management of both the client and 
the contractor for the entire project, including the boards of 
both parties. This will lead to transparency throughout both 
organizations, from the top echelons to the hands-on operational 
staff and is crucial to a successful project execution.

Since ECI is a new paradigm, a new way of approaching 
procurement, finding the right client, a “visionary”, who is open 
to new contract forms and dares to take the lead, is also crucial. 
The selection of an appropriate project is also central to success 
– not every project lends itself to ECI, for instance, repetitive and 
routine maintenance dredging does not. 

An integrated team and openness of communication remain 
the cornerstones of the ECI framework. In addition, excellent 
performance and the demonstration of significant value savings 
during ECI should be rewarded.

How can ECI be used for “best value 
procurement”?
Early Contractor Involvement can be instrumental in achieving 
“best value procurement” (BVP), because certain information 
needed to make a decision about BVP can often only be supplied 
by the contractors involved in the operational work.

BVP is based upon the idea that a client may select the 
contractor whose proposal offers the greatest economic value, 
one which supports performance outcomes realized by using 
the most efficient and effective methods and equipment, 
rather than considering price alone. If the contractor is 
brought in from the beginning, the contractor’s expertise 
becomes more quickly evident in the design and building 
of the project and BVP factors such as quality, options and 
incentives, ongoing maintenance and/or a longer project 
lifespan can be better evaluated.

Using BVP, a bid can be advantageous, even if the initial 
expenditure is higher, as the total value over the life of the 
procurement may result in a better long-term value and 
investment of funds. A contractor can be selected based on a cost/
benefit analysis and a contract can be awarded based on whether 
higher prices are justified because of a cost/knowledge ratio, 
that is, the client is paying more but getting more expertise – 
and not solely on the lowest bid that is technically feasible. For 
a routine job like maintenance dredging, contractor services are 
easily compared and will probably be based on the lowest cost 
price. When the specifications are however more complex and 
functional, contractors’ proposals may show a wide variation 
and a technical valuation will be used. This is almost always true 
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for more complex projects, where more risk factors and the 
delegation of responsibility are crucial issues. Consequently, in 
these cases, a contractor’s experience – and thus ECI – becomes 
more important.

Why does ECI emphasize transparency 
rather than trust?
Although many parties in contract negotiations tend to talk 
about the urgency of trust in the working relationship amongst 
clients, consultants and contractors, trust can only be founded 
on transparency. Where transparency exists in the form of 
transparent contracts, transparent cooperation with colleagues on 
all organizational levels, transparent approaches to challenges, to 
safety and to problem-solving, then everyone will know where 
they stand – what their responsibilities are and what is expected 
of them. 

Transparency is inherent to ECI and through it real trust and 
teamwork, grounded in concrete contractual agreements, will 
develop. Transparent communication and thorough preparation 
and training of all personnel are foundations for making a 
successful switch to ECI.

What are the advantages of ECI for all 
parties?
Practical experience at various infrastructure projects shows 
that complex technical, legal or financial projects benefit from 
early partner selection because it results in a no-claim, no-blame 
culture; it improves initial data collection and encourages 
innovation, and more often than not leads to successful project 
completion within budget and within time frame.

The key to utilizing Early Contractor Involvement is in the 
words: “Early” means before the usual or expected time; not 
far on in the development phase. The “Contractor” is the party 
that undertakes a contract to provide materials and labor for 
a job, arranging for the work to be done, and “Involvement” 
means to encourage someone to experience or take part 
in something. ECI in this sense translates into optimizing 
construction efficiencies through contractual commitments. 
ECI will improve profitability, reduce operating costs and ensure 
more efficient delivery. It will make sure that the budget is spent 
on the construction works and not on unnecessary distractions 
such as liability conflicts, litigation and other legal complications. 
Further, it is predicated on a drive for efficiency, rather than 
merely conforming to annual spends.

In fact, through ECI all parties should understand each other’s 
risks and shared responsibilities and all parties are accountable. 
The goal of ECI is to provide the possibility for forecasting 
project results with more certainty. It should prepare all 
parties to jointly solve problems, address unknowns in difficult 
environments and avoid or resolve conflicts more effectively.
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Introduction 
Many ports and harbors experience occasions when energetic 
weather conditions lead to operational issues. These may relate 
to underkeel clearance for the entrance or exit transit, agitation 
at the berth due to swell penetration or longwave surge and 
high winds influencing vessel management for example. Other 
activities, such as dredging, survey or construction typically 
require low energy conditions for safe execution. Effective 
planning for these activities requires reliable quantification of site 
specific weather parameters over short and medium (five to seven 
days) forecast range. 

To meet this need, a set of web-based tools (MOVs – 
MetOceanView) has been developed to allow access and 
management of harbor-scale weather. 

The core forecast system architecture is founded on modern 
high-resolution ocean and atmospheric models, customized at 
appropriate scales for the actual port or harbor location as well as 
the shipping approaches. The numerical models allow the detailed 
transformation of waves from offshore and into the entrance 
regions, as well as the coastal currents and water levels. The wind 
fields influenced by the regional topography can also be resolved. 

Ingestion of real-time measured wave and wind data into MOV 
allows the forecast accuracy and trends to be co-plotted and 
therefore assessed on a daily basis. The core forecast configurations 
also assimilate observed data where possible to improve short 
range forecasts. Examples of the forecast system are presented 
here for four operational situations. Port Taranaki and Port 
Geraldton lie within complex reef and near-shore bathymetry, 
and experience high energy swell conditions and occasions with 
problematic longwaves. Das Island in the Persian Gulf provides 
a lower energy example for the management of dredging 
operations, while the Port of Los Angeles application shows the 
benefit of spatial overlay maps of the local marine conditions.

Forecast system overview
The operational forecast system is configured at global, regional 
and local scales; allowing a truly customized solution to be 
established for any location. The high-resolution domains can 
be rapidly deployed, and a typical port system can be established 
within two to three days of notification. Full access to the forecast 
data is provided by an innovative set of web-based tools, and 
through delivery by email, as discussed in subsequent sections. 

Predicting and measuring waves, long 
waves and winds
A high-resolution weather forecasting tool for marine operations 
management in ports and harbors
Peter J. McComb and David L. Johnson, MetOcean Solutions Ltd, New Zealand

Figure 1. Example of the multi-nested forecast domain implemented for Port Taranaki in New Zealand. 
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Global scale model
An in-house global WaveWatch3 (WW3) domain is run four 
times per day at 0.5o resolution using wind fields from NCEP’s 
Global Forecast System (GFS). Remote-sensed wave data are 
assimilated into each cycle. Forecasts produced with a seven-
day horizon. As part of the WW3 implementation, full spectral 
boundaries are also generated for the nested regional domains.

Regional and local scale models 
A series of multi-nested SWAN [2] wave model domains provide 
detailed resolution at the necessary regional and local scales. For 
a port location, a three-stage nest from the global domain is 
typically prescribed, although an additional level may be required 
in regions with highly complex bathymetric settings. An example 
of the nested wave domains used for the operational Port Taranaki 
implementation is shown in Figure 1.

Wind fields within these nested domains are sourced from 
either the NOAA GFS or from customized WRF atmospheric 
model domains. Local validation is initially performed to 
determine if increased resolution over the GFS scale is warranted. 
A 6–8km WRF domain is often beneficial in coastal regions with 
significant topographic influence, such as New Zealand waters or 
the Bass Strait (see Figure 2). 

Effective marine forecasting requires data sources that suit the 
local topographic complexity and wave generation characteristics. 

Regional current models are run in some domains, with 
resolution of between 1km and 5km. A 2D implementation 
of POM [5] is used for current modeling, with wind velocity 
components and atmospheric pressure interpolated in space and 
time onto the model grid. The TPXO7.2 global inverse tidal 
solution [1] is used to prescribe the tidal elevation and current 
velocity boundaries. 

Any number of reporting sites can be set within the domain, 
producing hourly site-specific data over the seven-day forecast 
horizon. 

Calibration and validation 
The wave physics within the forecast domain are usually 
calibrated against the available historical wave data in the vicinity 
of the port, or from the nearest offshore buoy source. The 
calibration process ensures the appropriate bed friction and grid 

resolution has been applied to the domain. Once operational, data 
from within the nested domains can be directly compared with 
real-time wave measurements and ongoing model adjustment 
applied as necessary. Forecast accuracy and short-term weather 
trends can also be assessed at any time. An example from an 
offshore wave buoy in New Zealand is provided in Figure 3. 

All site-specific forecast data are archived. This allows forecast 
accuracy analysis to be post-processed; determining the statistical 
measures of accuracy at forecast horizons up to seven days ahead.

Figure 2. Comparison of the wind field during a strong south-westerly event 
the Bass Strait. Upper map is from GFS, lower map is a local WRF domain at 
8km resolution. 

Figure 3. Real-time wave data are ingested into the forecast system, providing an instant comparison of the measured and forecast values – useful for interpreting 
weather trends and providing guidance for short range operational decisions. Shown here are the measured (solid) and forecast / nowcast (dashed) wave height and 
peak period from a site west of Cape Farewell, New Zealand.
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Long period wave (LPW) forecasting 
Problematic surging and agitation of berthed vessels can be 
directly related to long period waves (LPW) that penetrate 
a harbor defenses. Both the LPW and the surge events can be 
reliably forecast at discrete locations within a harbor basin [3]. 
This LPW energy lies in the 25–150s period range, and is released 
during the swell wave transformation process. 

Accordingly, bathymetric features in the vicinity of a harbor 
entrance tend to govern the LPW energy distribution and also 
the degree of penetration into the harbor. Once inside the 
harbor, the internal geometry often plays an important role in 
LPW energy regime and vessel surging dynamics. Resonance (or 
seiche) effects may amplify the signal, often within very discrete 
areas of the harbor. 

Analysis by the authors of data from 11 different harbors has 
confirmed that berth LPW conditions are highly correlated to 
swell wave spectra parameters from outside the harbor. While 
the LPW generation process is location-specific, complex and 
highly non-linear, a robust semi-empirical technique can be 
used to transform the swell wave spectra from a representative 
location outside the harbor to the LPW conditions at discrete 
berths inside the harbor. The forecast accuracy of this method 
is equivalent to that achieved for the swell waves at the harbor 
entrance. LPW data from inside the port is needed for calibration 
of the technique, and a period of at least three months duration is 
normally specified.

2.5 Data access and delivery 
A full suite of forecast data and interactive tools is available from 
a website login for clients. The seven-day marine forecast data 
include;

 Maps of wave height, direction, period, wind speed and 
direction

  Site data presented as graphs and tables

User-defined hazard alerts

Figure 4. The spread of the wind forecast ensembles provides guidance on 
the forecast confidence and stability. Example shown here for the Port of 
Melbourne.   

Figure 5. Forecast graphs are updated four times per day. These graphs, along with data tables and synoptic maps, are auto-emailed as PDF files to the client 
distribution list. Shown here is the waverider location offshore of Eden, NSW. 
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  Observed wave and wind data from local stations plotted 
alongside forecast values

  Wind ensembles from GFS and WRF

  Report generation including statistics. 

The 7-day wind ensembles provide a valuable guide to forecast 
confidence, as indicated by the spread in speed and direction, 
as shown on Figure 4. Other data, such as rainfall, sea and air 
temperature and wind gusts are also available. The first six hours 
of each cycle are archived into a readily available ‘nowcast’ of the 
metocean conditions over the previous 12 months, which can be 
downloaded as a text file. Site-specific reports are generated every 
forecast cycle, and include graphs (Figure 5) and tables as well as 
regional synoptic charts. The forecast reports are auto-emailed in PDF 
format to the client distribution list at the user-specified frequency.

Example MOV implementations
Port Taranaki, New Zealand
Port Taranaki, on the west coast of the North Island of New 
Zealand, is situated in an energetic wave climate with complex 

near-shore bathymetry. The MOV implementation here features 
a three-stage SWAN nest, with the final stage at 25m resolution 
(Figure 6). Wave and wind data are ingested from four discrete 
locations (wave buoy, two long wave gauges, one wave platform 
and two wind sensors). Forecast data is produced for sites along 
the leads as well as at the main berths and the offshore anchorages. 

The LPW energy that enters Port Taranaki is strongly 
modulated by tide level, as can be seen in the forecast example 
provided in Figure 7. The tidal modulation is of particular interest; 
causing a near doubling of the long wave heights over a spring 
tide. Also provided on the LPW forecasts are thresholds for 
guidance. These vary slightly from port-to-port, but many years of 
operational experience confirms that 0.1m is the initial threshold 
for concern (i.e. problematic moored vessel motion and surging 
do not usually occur below 0.1m). Active management strategies 
are typically employed from 0.15m, while at 0.20m and above, 
safe berth conditions are likely to be compromised. 

Within MOV the forecast long wave heights are compared 
with real-time measured values from the Moturoa berth, allowing 
the trends to be actively monitored. Consideration of the timing 
of the long wave height peak relative to the tide level is an 
effective management strategy at this port. 

Shown on Figure 8 are the measured LPW heights along 
with the forecast values from the T+6-12 hour forecast horizon. 
During this energetic event the measured LPW heights peaked 
at 0.20–0.25m, while the co-temporal forecast offshore swell 
conditions were Hs=2.7 m with Tp=15 s. Notably, LPW events 
of this magnitude are clearly evident in the forecast guidance 
some five to seven days in advance, allowing management plans to 
be developed and adopted accordingly. 

Port Geraldton, Western Australia 
The approaches to Port Geraldton in Western Australia pass 
through a 3km-wide reef platform – a zone featuring significant 
wave transformation and long wave generation, along with 
bathymetric focusing of the swell and long wave energy toward 
the harbor entrance [4]. Tide level does not modulate LPW 
energy in Geraldton Harbor, and the adjacent cross-shore profile/
morphology is considered by [6] to be influential on that process. 

An extensive SWAN domain (resolution approximately 
50m) is required to forecast wave heights from around 30m 
depth in to the harbor entrance. The Geraldton wave climate is 

Figure 6. The MOV interface to the wave domain for Port Taranaki. High resolution in the wave model is needed to account for the local complexity including adjacent 
islands. Measured and forecast site-specific data are accessed from this interface, including site along the channel for underkeel clearance and berth locations for 
surge and vessel agitation. 

Figure 7. Example of the forecast long wave heights at the Moturoa Berth, Port 
Taranaki. Note the modulation of the wave heights by tide level. A 0.1m-long 
wave height threshold is set as the warning level for vessel surge, displayed as 
a dashed line on the forecast graph. 
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affected by the offshore Abrolhos Island group, necessitating a 
regional SWAN nest at around 2km resolution and extending 
some 100km offshore. Long wave and swell wave forecasts are 
produced for specific berths within the harbor. As for Port 
Taranaki, operational thresholds have been developed for surge 
management of moored vessels. Evaluation of real-time LPW 
berth data alongside the forecast guidance provides additional 
confidence when adopting proactive management strategies. 

Das Island Terminal, Persian Gulf
The Persian Gulf forecast domain provides 3km resolution of the 
wave climate, while Das Island (UAE) is smaller than that scale at 
1.5 km by 3km. 

To support dredging operations at the island, a high-resolution 
(50m) nest was established to resolve the topographic sheltering 
and wave refraction processes for the operational areas. Island 
wave climates are strongly influenced by the directionality of the 
prevailing weather; subtle changes in direction can have operational 
implications and customized modeling at the appropriate scale 
is an effective tool to manage this variability. Because the wave 
conditions in the Persian Gulf closely follow the local and regional 
wind developments, interpretation of the primary wave guidance 
(e.g. Figure 5) alongside the wind ensemble data (e.g. Figure 4) 
provides an effective technique to gauge the forecast uncertainly. 

Port of Los Angeles, USA 
A two-stage nest is deployed for the Port of Los Angeles, with the 
first stage extending over Southern California and capturing the 
offshore islands. Forecast validation within the domain is available 
from 28 NDBC wave and weather buoys. In this implementation, 
the forecast wave data (height, period and direction) plus the 
wind speed and direction data are supplied as ESRI GIS layers 
at six-hourly increments over the seven-day forecast horizon. An 
example is shown for a Google Earth export in Figure 9.

Summary 
The MetOceanView System (MOV) provides marine managers 
and operational personnel with site-specific data and forecast 
information. The system architecture uses the latest ocean and 

atmospheric forecast models, customized at the most appropriate 
scale for a port or harbor situation. 

The transformation of waves along the shipping approaches 
and into the entrance region is captured, along with the coastal 
currents, water levels and winds. With data for calibration, long 
wave surging at the berths can also be predicted with good 
accuracy. Integration of real-time measured waves, long waves 
and winds into MOV allows the forecast accuracy and short range 
weather trends to be monitored. 
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Figure 8. Comparison of the measured and forecast (T+6-12 hours) significant 
long wave heights at the Moturoa Berth, Port Taranaki. Data from May 2011. 

Figure 9. All MOV forecast data products are available as industry-standard GIS 
layers. Shown above is wave height and direction at the Port of Los Angeles; 
projected here using Google Earth.
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“Dock and harbormasters can assess quickly if the ship is 
safely moored and play an active role in improving the port-
ship interface from a mooring point of view by looking for 
evidence of poor mooring management and bad practices.”
‘Problem-free mooring: the dock master’s checklist’, page 40.

You can watch the European Harbor 
Masters’ Committee (EHMC) advisory video 

“The Missing Link: Improving the  
Mooring Process” on our website at  

www.porttechnology.org/themissinglink
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The issue of safe mooring can be approached from a number of 
different angles, such as:

The port – accidents & consequences, facilities, PSC, etc.
 Ship – equipment, maintenance, operation, planning
 Company – providing resources, training, compliance with 
industry requirements
 Crew – safety, on-board training, maintenance, resting hours
 Insurance – accidents, claims, investigations, the way forward, 
loss prevention, etc.
 Training – best way to raise awareness and training methods, 
supervision, etc.
Mooring equipment manufacturers – user friendliness, 
suitability, tailor-made to needs of ship and crew, rules and 
requirements, etc.
 Flagstate – inspections, requirements (Minimum Safe Manning 
Certificate) etc.

For this article, I decided to look at mooring issues from 
the port’s point of view. Before making my point as to why I 
decided to do so, let us first look to the chief reasons for bad 
practice and accidents.

Any accident or problem situation is the result from an 
unfortunate mix of different parameters at a given time. Also 
mooring accidents are the result of a combination of failure 
mechanisms such as abrasion damage in combination with 
improper mooring line leads, shockloads, and so on. If one of 
the failure mechanisms necessary to create a mooring accident is 
missing, a worn mooring rope may still safely hold a laden ship 

alongside under clement weather conditions, but will fail with 
catastrophic consequences, for example when a slight breeze 
impacts on the bigger windage area that developed during the 
discharge operations (or during loading of containers on deck). 

Moreover, mooring operations disrupt the normal shipboard 
operations as they are frequently carried out during nighttime or 
outside the crew’s normal working hours and with limited crews 
on board. With uncomfortable weather conditions and time 
pressure, all these factors increase the accident potential of mooring 
operations. Especially when the conditions on the mooring stations 
are difficult, the mooring crew/squads should be aware that a small 
omission or error can have serious consequences.

The writing of the mooring book took roughly about five 
years and during this period, especially during surveys on board, 
I took the opportunity to investigate more into the reason why 
crews arrange and belay the lines wrongly, leave ropes on drum 
ends, fail to observe lead angles, and so on. In many cases I 
found out that they were not aware of the risks involved as a 
result from their actions and did not know why certain mooring 
arrangements constituted bad practice. Frequent answers were 
that “it is always done like that”, “there was no time to do 
otherwise” etc. Many of the answers received in combination 
with the poor arrangements, bad practice and maintenance 
reflect lack of awareness, improper training, insufficient 
experience and understanding of mooring operations, loads, 
arrangements and techniques. 

The above makes it clear that the different parameters that 
may have an effect on mooring safety should be identified 
and that awareness needs to be raised. As lack of awareness is 

Problem-free mooring: the dock 
master’s checklist
Walter Vervloesem FNI, Chairman, IMCS Group of Companies, & Chairman of the Nautical Institute (Belgium)

With a trained eye, a port’s dock or harbormaster can play a significant role in ensuring the safety of all those involved in the mooring process.
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definitely one of the major contributing factors in improper and 
unsafe mooring operations, raising awareness seems to be the 
logical answer to this problem. However, who is in a position to 
raise awareness? 

This brings me to the reason of my decision to approach 
mooring problems and dangers from a port’s point of view. 

When mooring incidents happen in a port, port operations 
may be seriously disrupted. Accidents like fatalities, injuries, 
breakway incidents, damage to quay/wharf, other ships, cranes, 
pollution and so on will result in time consuming investigations,  
inquiries (P&I, H&M, PSC, Flagstate, Class, industry vettings, and 
so on) and will cause delays that might affect access to the port, 
stevedores’ activities and berthing schedules. It is therefore clear 
that it is also in the port’s interest that the ships are properly and 
safely moored alongide the port terminals.

Whilst ships are inspected frequently, it should be appreciated 
that the inspectors may either have a mission to carry out an 
over and above or general inspection, which does not necessarily 
warrant a focus on the mooring equipment. Also, depending on 
the background of the inspector, he or she may not be familiar 
with good and bad mooring-related practices. A typical example 
here is the regular technical superintendent’s visit on board. In 
view of their background, technical superintendents are highly 
experienced and qualified when it comes down to technical 
matters, but in view of their previous area and scope of work 
(engine room), they have never been working on the mooring 
stations and will therefore not be as familiar with mooring 
operations, arrangements and practices. Unless there is a chance 
that improper mooring arrangements would lead to failure or 
damage of the ship’s mooring equipment, most mooring issues 
will pass unnoticed. The same would also be the case for class 
surveyors (most of them also have a background in engineering); 
even during PSC inspections mooring procedures, arrangements 
and practices might not always receive the attention they 
deserve. In many cases the scope of inspection, time windows, 
knowledge and experience do not allow identification of mooring 
problems and their potential as vehicles for accidents and disasters. 
Therefore, the chance that improper mooring arrangements or 
early warning signs are picked up and reported is remote. Only 
surveyors attending on board on behalf of P&I clubs for condition 
surveys, or surveyors carrying out vetting inspections on behalf 
of oil majors vetting might be in a better position to carry out 
more detailed inspections of mooring equipment and identify the 
fatality potential of bad practice and poor mooring arrangements.

As awareness can best be raised when evidence of improper 
moor ing is found, I am of the opinion that dock and 
harbormasters can play an important role in bringing evidence 
of poor arrangements and bad practices to the attention of the 
ship’s staff.  From my personal experience as a ship inspector for 
more than 20 years, I have seen many “early warning” signs when 
I was approaching the ship and, at a later stage, poor mooring 
management and bad practices were generally confirmed during 
my further inspection onboard the ship and mooring stations. By 
being vigilant and picking up early warning signs that indicate 
flaws in the ship’s mooring management and procedures, dock 
and harbormasters might actively contribute to reducing the 
likelihood of mooring accidents happening and raising awareness.

If there is evidence of poor mooring techniques and equipment, 
a friendly talk with the ship’s staff may highlight further and 
underlying problems and, as such, attention can be focused on what 
can be done to avoid recurrence. Suitable actions might consist 
of addressing mooring issues during safety committee meetings, 
mooring plan discussions, on-board training, review of mooring 
procedures and SMS, and so on. Furthermore, when the ship’s staff 
is open to the idea, a further visit to the mooring stations will 
generally reveal some further anomalies and bad practices. 

It should also be remembered that mooring operations are 
not completed when the ship is moored alongside upon arrival. 
Phenomena such as passing ships, changing currents, tidal 
differences and their effect on number and lead angles of mooring 
lines or changing weather/wind conditions should be considered 
in order to apply correct and timely preventive measures. Dock 
and harbormasters could actually assess quickly if the ship is 
safely moored and play an active role in improving the port-ship 
interface from a mooring point of view by simply looking for 
evidence of poor mooring management and bad practices.

I have therefore included a small checklist with addresses 
items that I frequently noticed during my inspections. I hope 
they might be used to help dock and harbormasters in raising 
awareness and improve mooring standards, which will benefit 
ships and crews calling at their ports and terminals. In some 
cases, such an exercise may also reveal anomalies or flaws in the 
port’s mooring policy and arrangements, and eventually lead to 
improvement of the port’s facilities as well.

The dock master’s checklist
Item to be checked

Are mooring lines in 
good condition and 
free of damage?

Check for wear, cut 
strands, improper splices. 
  

 

 

Yes � No �

Are mooring wires 
correctly connected to 
nylon tails? 

Check for faulty and 
improper connections. 
  

 

 
Yes � No �

Are mooring lines 
properly tended? 

Check slack in mooring 
lines, same lines used for 
same service?  

 

Yes � No �
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Are mooring line lead 
angles appropriate for 
the stay of the vessel 
in port? 

Will mooring line 
lead angles remain 
appropriate throughout 
the port stay (loading/
discharging operations, 
number of lines 
sufficient)? 

  Situational awareness (weather, current, tide, passing ships, etc.) 
to be considered. 

Yes � No �

Are the mooring lines 
properly belayed on 
the bollards ashore? 

  Lines properly belayed 
without the risk of 
causing damage to the 
ship’s or other ships’ 
mooring lines.  
  

 
 

 

Yes � No �

Are overboard 
fairleads, chocks, 
rollers free from 
visible damage? 

  Check for any 
visible signs of wear, 
deformation, damage. 
 

Yes � No �

Are rat guards 
properly fitted?
  Are rat guards properly 
fitted and will they 
remain in place during 
the port stay?  
 

Yes � No �

   
Is gangway free from 
contact with mooring 
lines? 

 No contact or chafing 
between mooring lines 
and gangway.  
 

Yes � No �

   
Are mooring lines free 
from obstacles and 
contrivances? 
  Check for lines that 
are caught by/under 
fenders, ladders, 
etc. 

Yes � No �

   
Are there any 
inappropriate 
arrangements that 
may cause chafing or 
damage to mooring 
lines?
  Check mooring line 
leads and possibility 
for contact with sharp 
edges, ship’s structure 
(rough edges of chocks, 
protruding hawse pipes, 
anchors, etc.), other 
mooring lines/wires.

Yes � No �
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The birth of ShoreTension Mooring System
Together with the Rotterdam Port Authority, the Royal Boatmen 
Association Eendracht (KRVE) has developed the ShoreTension 
System.

ShoreTension is a mooring system used for mooring of 
sea-going vessels. The basis for the development was dramatic 
environmental and economic losses in a number of ports caused 
by drifting ULCVs. Therefore, the Rotterdam Port Authority 
required proper action and innovations. Ports have to deal with 
larger vessels with bigger lateral surfaces, i.e.  ULCVs and cruise 
liners. Also due to climate change, the world faces more extreme 
weather conditions. The problem of safety is the so-called “mixed 
mooring”, which means the ropes paid out do not always equal 
the same tension as the ropes that are paid out by the tension 
winches on deck of the vessel concerned. In other words: the 
safest way to moor a vessel is making sure that all ropes which are 
paid out are at the same tension so they work together as one.

How does ShoreTension work?
ShoreTension is a hydraulic mooring system that automatically 
keeps mooring cables tense in severe conditions such as suction 
caused by passing ships, severe weather conditions and swell. It 
also prevents mooring cables from breaking in the case of on-/
offloading and tidal differences.

The system is placed on the quay side in between two bollards. 
One end is fixated to the quay bollard while the ship’s line is 
connected to the moveable part of the system. A second quay 
bollard is used for guiding the ship’s line. 

It only has to be activated once via a hydraulic system. After 
that it functions stand-alone without the need for external energy. 
This feature makes it easy to place the ShoreTension system 
anywhere on the quayside.

The ShoreTension system provides a high tension and pays 
out the line coping with the peak loads without exceeding the 
Minimum Breaking Load of the line (MBL). By doing this the 
system dampens the ship’s motion and absorbs the energy of the 
ship. When the peak loads are over, the ShoreTension heaves in 
the line with the energy stored returning to its initial position.

Because the system doesn’t require any external energy it is 
CO

2
 neutral.

Advantages of the ShoreTension system:

It prevents lines from breaking (fewer personal injuries)

Fewer mooring accidents could theoretically result in lower 
insurance premiums

It improves the stability of the ship while being moored

It increases the safety and speed of on- and offloading

It is versatile and can be installed on almost every quay or jetty

It is able to provide a constant (high) tension up to 60 metric 
tons of force (600kN);

It has a safe working load of up to 150 metric tons (1,500kN)

It has sensors that register the loads in the ropes.
     This data will be available for the ship’s master, port and 

terminal operators
     Data will be logged for review of berth

   

  A warning system can be set for when exceeding limits in force 
as well as displacement

     GPS data provides an overview of where warnings are issued 
across the globe

The system is certified by Lloyd’s Register to operate under the 
conditions mentioned above, as well as in ATEX conditions.

ShoreTension: secured to shore at all times
The affordable solution for safe mooring in severe conditions
Gerrit van der Burg, Director of Resources & Development, Royal Boatman’s Association Eendracht, Rotterdam, The Netherlands

One end of the ShoreTension system is fixated to the quay bollard while the 
ship’s line is connected to the moveable part of the system.

One end of the ShoreTension system is fixated to the quay bollard while the 
ship’s line is connected to the moveable part of the system.
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Developing the design 
Currently we are developing an alternative ShoreTension system. 
A number of terminals have requested the option of a vertical 
ShoreTension system, so less space is required. The line will be 
connected via pulleys with the moving ‘head’. It also enables 
easier placement on bollards or mooring dolphins.

Simulations carried out by Arcadis NV
ShoreTension BV asked Arcadis Nederland NV (Arcadis) to carry 
out a dynamic mooring simulation study. One of the simulations 

was carried out for a generalized LNG terminal. The ship 
concerned is a membrane 266,000m3 LNG carrier (LNGC).

In the project the LNGC is subject to passing ships and to 
severe wind and wave conditions. The direction conventions of 
the wave and wind conditions are summarized in Figure 1.

The regular mooring pattern of present day common practice 
has been compared to a mooring pattern with ShoreTension. 
The mooring patterns have been compared against internationally 
accepted guidelines. The results show that the ShoreTension 
significantly decreases the motions of the moored vessel and the 

Figure 2. Results illustrating the movement of the vessel at berth for differing wave heights, for the regular pattern and with use of the ShoreTension system.

Figure 1. The direction conventions of the wave and wind conditions on a vessel at berth.
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line loads of the mooring system at this generalized terminal for 
the following conditions (summarized):

Passing ships

Wind and wave conditions approaching the vessel head on (0º 
and 30º) and stern on (150º and 180º) – see Figure 1.

Part of the results is illustrated in Figure 2. The Figure shows 
two wave heights (dotted line: Hs = 1.5 m; solid line: Hs = 2.0 m) 
 and two wave periods (Tp = 10.0s in the upper panel; Tp = 
12.5s in the lower panel). The radii of the rose refer to the angles 
of incidence of the wind and waves. The radius (the values along 
the radii) presents the percentage exceeding the allowed PIANC 
motion criteria. Only the maximum value exceeding the surge, 
sway roll and yaw motion is used for the figure.

Conclusions drawn from the simulation
In view of this generalized study, the following conclusions are 
drawn on application of the ShoreTension on LNG terminals:

For situations where berthed LNGCs are affected by passing 
ships, the loads in the lines can be decreased by application 
of the ShoreTension. For wind blowing from the jetty, the 
dedicated ShoreTension mooring pattern shows a reduction in 
both motions and line loads for most conditions analyzed.

For moored LNGC subjected to head (0º and 30º) and stern 
(150º and 180º) wind and waves, the motions of the vessel are 
significantly less in the dedicated ShoreTension layout than in 
the regular mooring pattern.   

Conventional winches let mooring lines slip when the loads in 
the lines exceed the maximum holding capacity. In doing so, 
the conventional winches temporarily drop the tension in the 
lines and control over the ship is temporarily lost. This undesired 
behavior of the conventional winches has not been taken into 
account in the simulations. Another major advantage of the 
ShoreTension is that it keeps the lines under a constant high 
tension, providing permanent secure mooring of the ship.

Efficiency benefits
All parties involved by the call of a vessel benefit from the use of 
the ShoreTension system.

The ship owner is aware that his ship is safely moored and the 
turnaround time improves. The terminal cranes do not have to 
stop loading/unloading because the vessel does not move at all, 
which also means that the roundtrip in Europe can be done more 
slowly, which decreases fuel consumption.

The terminal has less downtime: the cranes can do their 
operations continuously because the vessel is completely fixed 
to the quayside. It also improves the efficiency of that particular 
quayside because the vessel only has to pay out breast lines.

The system is equipped with a pre-alert call in case of a 
possible critical mooring situation and gives real-time mooring 
information. The Port Authority is able to monitor the actual 
status of the mooring 24 hours a day. This is a great advantage for 
the safety of the Port.

The ShoreTension approach has been recognized by various 
companies and terminals in the Port of Rotterdam, such as:

Europe Container Terminals – Delta Terminal

Ertsoverslag Europort C.V. – EECV Terminal

Steinweg Handelsveem B.V. – Botlek Terminal

Combined Cargo Terminals – CCT Terminal Moerdijk.

Gerrit van der Burg is the Resource and Development Director within the Royal 

Boatman’s Association in The Netherlands. He has over 25 years of experience in 

the Port of Rotterdam with mooring all kinds of vessels and has developed the 

ShoreTension System. 

The ShoreTension System finds its origin with the Royal Boatmen Association 

Eendracht (KRVE) in the Port of Rotterdam, an association that has undertaken 

the mooring and unmooring of all sea-going vessels in the Port of Rotterdam 

since 1895. ShoreTension BV is a sister organization and works in close 

cooperation with the Boatmen. We have over 115 years of mooring experience 

and have deep understanding of the problems that occur in a modern port.

ShoreTension B.V.

Heijplaatweg 7 3089JC Rotterdam

Port No. 2586

The Netherlands

Tel: +31(0)651801699

Email: info@shoretension.nl

Web: www.shoretension.nl
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A new vertical version of the ShoreTension system is currently in development, 
which will make the design much more compact.

Simulations carried out by Arcadis Nederland NV show that the system 
significantly decreases loads on the lines, and minimizes vessel movement at 
the berth.
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Have you ever wondered about the following situation?  You are 
leaving on an intercontinental flight. Thirty minutes after take-off, 
the estimated time of arrival at the point of destination is accurate 
to within two minutes. It’s a smooth ten-hour flight. What can go 
wrong? Any reasonable person would think that there is plenty 
of time to prepare the gate for arrival. So how big is your feeling 
of frustration when, after landing, the aircraft has to loiter 15 
minutes at the gate before you can leave the plane? And I haven’t 
even mentioned the wait for your luggage!

In the aviation industry, the Gate-to-Gate concept is the 
subject of trials in Europe to find solutions to the problems of 
growing congestion and delays at airports. Safe and effective 
planning of all sub-processes is required to further optimize 
planning. Aircraft, like ships, have to spend as little time as possible 
loading and off-loading. Every event in the process must be 
optimized in order to minimize turnaround time.

The maritime world works with much longer transit times and 
slower speeds, but the Port-to-Port concept is just as complex as 
it is for an airport. A chain analysis of tasks related to the arrival 
and departure of a ship gives insight to the stakeholders involved. 
Factors include the type of ship, cargo and location of berth. The 
required steps in the process from Port-to-Port can be identified, 
described and analyzed for improved scheduling. Every event 
(job) can be described in terms of the information required to 
start and finish on time.

Through (satellite) AIS, LRIT and other sensors, the arrival 
time of ships in the pilot area is known accurately. Delays 
are still possible because of actual weather, but this is also 
predictable and allows for rescheduling. From arrival in the pilot 
station the logistical planning side is connected to the real-time 
surveillance overview. In fact, in the VTMIS system the sailing 
plan and route are attached automatically to the real-time 

Port-to-port vessel planning
Using satellite and sensor technology to accurately predict 
vessels’ arrival time in the pilot area
Pieter van Vrijberghe de Coningh, Director Coastal Surveillance & Security, HITT Traffic, Apeldoorn, The Netherlands

Satellite AIS, LRIT and other sensors can be used to accurately predict arrival time of ships in the pilot area.
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system track. The arrival information and routing information 
can be used to fine-tune other related processes. The 
information can either be pushed to other planning systems 
or pulled via web access or reported through a portal. All these 
elements can be part of the e-navigation concept. The same 
information that is available to the shore side is also available to 
the bridge team onboard the vessel.

The Port Management Information System and VTMIS, 
enhanced with very accurate positioning systems, real-time depth 
monitoring and other decision support tools, support the safe 
and effective operation of a modern port. As communication 
between shore and ship improves, which is the core of IMO’s 
e-navigation development, ships will be able to log in to the 
Port community from greater distances than at present. All the 

stakeholders will be able to streamline their processes based on 
accurate, validated information.

In the HITT 2010 annual report, Mr. Frank Borsboom, Head 
of the Facilities Department of the Port of Rotterdam points out 
that “in view of the future handling of LNG carriers at Port of 
Rotterdam facilities, the conditions have to be as safe as possible. 
This means we do not want to have too many other ships in the 
area. This is why so-called block times and block systems, similar 
to those currently employed in the aviation industry, will be used”.

HITT is at the forefront of Port-to-Port technology solutions. 
Our group of companies offers state-of the-art solutions for 
VTMIS, Port MIS, Hydrography and Navigation and Positioning. 
Contact us if you are interested in how we can help you to 
optimize your port operations.

LNG carriers at the Port of Rotterdam will necessitate a new block system approach to vessel traffic.
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HITT Traffic
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VTS equipment is rapidly evolving following trends set in 
onboard navigation systems as well as trends expanding from 
other sectors such as the military and air traffic management. 

Traffic image
Today it is common for a traffic image to consist of a fusion 
of many different sensors including radar, AIS and other 
Hydrographic and Meteorological sources. 

In particular, AIS has revolutionised the way in which VTS 
interacts with traffic. In the past VTS would have been aware 
of a vessels approach only by a raw radar return on the traffic 
image prompting questions such as “Who is this?”, “Where is she 
bound?”, “Will she cause me trouble!” AIS now provides VTS an 
advanced insight into the vessel, enabling a VTS to prepare for the 
vessel in terms of advance traffic management:

Is the berth ready

Is the pilot ordered

Is the vessel early or late

The vessel will need to be directed to anchor

The vessel will interact with other vessels at a later stage.

AIS also gives VTS an insight into the vessel itself. Information 
from the bridge of the vessel such as heading and speed data gives 
VTS a near real-time insight into the actions of the vessel, which 
is vital in terms of traffic management and navigation assistance. 

The close VTS integration of AIS and radar serves to 
perform a quality management function. Received AIS signals 
can be correlated against VTS radar which readily identifies 
problems with either AIS data or VTS radar. A VTS should 
actively challenge vessels transmitting defective AIS signals to 
ensure correct information is presented. In recent years, the 
quality of AIS signals has increased significantly to such an 
extent that in many cases AIS is a primary tracking source for 
VTS systems.

AIS has also enabled a VTS to hold a traffic image where it 
is not practicable or cost effective to install radar systems. AIS 
carriage has been mandated in city centre and inland waterways 
in the UK and Europe, where radar coverage would be expensive 
or impracticable. Such AIS networks enable the provision of a 
high quality VTS to increase safety and efficiency in often busy 
and restricted areas of waterway.

A significant impact of AIS has been the provision of a mobile 
traffic image onboard vessels giving the mariner significant 

Latest technological developments in 
vessel tracking and monitoring
Kevin Gregory, Vice President of the UK VTS Association & Deputy VTS Manager of Port of London Authority, London, UK

The Port of London Authority is responsible for monitoring vessel traffic along the length of the River Thames.
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situational awareness through the provision of a localised 
traffic image. Although this can never replace the full role of a 
VTS, the provision of greater and higher quality information 
onboard reduces the volume of VTS communications required, 
particularly in the provision of routine traffic information. This, 
as a consequence, results in VTS communications being related to 
the provision of essential information, which may not be readily 
apparent to the bridge team.

AIS is still an under-used resource. The data transmission 
properties of the system can be further enhanced to facilitate the 
transmission of other navigational information such as tidal data, 
weather data and other text-based information. This is already be 
exploited in city centre and inland waterways where passenger 
numbers, tidal data and lock scheduling information is being 
transmitted successfully by AIS, thereby reducing further the VHF 
loading on VTS frequencies.

CCTV and VTS
Modern CCTV systems are routinely integrated with VTS 
equipment being configured so that is integrated with radar and 
AIS tracking. This enables VTS operators to select the point or 
vessel of interest with a simple mouse click on the traffic image, 
the CCTV then automatically pans to the desired point or vessel 
of interest. Often, in the case of a vessel underway, the CCTV has 
the ability to automatically follow the vessel, handing over to the 
next available camera in range at the appropriate time.

As offshore infrastructure is developed it is common place for 
radar installations to be placed on offshore wind farms or other 
infrastructure to provide localised surveillance to mitigate against 
the risk of any interference to shipboard radar. VTS radar is 
continuing to evolve with the introduction of new solid state ‘HD 
radar’ technologies developed from military applications enabling 
enhanced surveillance, particularly with the identification of smaller 
vessels coupled with lower running costs and increased reliability.

VTS charting
VTS charting is also increasing in sophistication. From a 
simple chart-like graphical representation VTS centres are now 

commonly equipped with ECDIS-style charting along with the 
capability to manage the chart to display appropriate levels of 
data. In common with shipboard applications this ability to filter 
charting can present hazards, but unlike shipping, VTS operators 
work with the same equipment day-to-day which results in 
greater familiarisation through the provision of comprehensive 
training and procedural requirements.

Commonly VTS personnel will be responsible for monitoring 
numerous vessels in their area of responsibility, it can therefore be 
challenging for VTS to provide a full level of oversight equivalent 
to that offered by a vessels individual bridge team. As such, a 
concept of behavioural recognition has been adopted by many 
VTS manufacturers. VTS areas often consist of defined areas of 
waterway including fairways, routes, anchorages and areas of 
special interest. All of these factors are currently monitored by a 
human VTS operator. The provision of active background rule-
based monitoring within VTS equipment will be of significant 
benefit to VTS, this will provide an increased level of automated 
surveillance of maritime traffic and support to VTS operators.

Such surveillance may consist of automatic monitoring against pre-
defined parameters of track and speed. Such monitoring may even be 
increased to include ‘what if ’ scenarios such as UKC monitoring. If 
sufficient live tidal data is combined with accurate electronic charting 
data, it would be feasible for the vessel’s draft to be automatically 
monitored against the planned passage, and advance warning given of 
future constraints enabling early corrective action to be taken.

Management Information Systems
In simple terms, a management information system is a database 
detailing the end to end process, covering many aspects of a 
vessels voyage within a VTS area. Such processes may include:

Pilot bookings

Sail planning – routes to be followed – ETAs at critical points

Berth allocations

Tug allocations

Pilot transportation

End billing.

PLA Port Control Centre London – Duty Port Controller Workstation.
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Accurate information is paramount, not only to enable the 
safe and efficient movement port management but also for 
other stakeholder groups such as Customs, border protection, 
berth operators and cargo handlers. The thirst and utility of 
such data has been widely recognised through the development 
of international vessel traffic monitoring systems such as the 
European ‘SafeSeaNet’.

In order to increase efficiency, many VTS authorities are now 
opting for the online notification of vessel movements. In such 
systems agencies representing vessels, towage providers, berth 
operators and other interested parties contribute to an online 
portal which results in a two-way flow of data. VTS receives good 
quality and up-to-date information regarding the vessel’s planned 
transit, and in return stakeholders receive live progress reports 
and other data to optimise their operations and the onward 
transportation chain.

It is beneficial to VTS operators to have advance warning of 
vessels that may require a higher degree of oversight. A high 
volume of data is available from a range of freely available sources 

including Port State Control Authorities, accident investigation 
bodies in addition to commercial data providers. Therefore, 
when a vessel notifies a VTS of its intention to transit their 
area, often some hours or days in advance, it is feasible that an 
automated process may be undertaken which facilitates a search 
of the vessels name against a number of sources to assemble a 
navigation safety risk profile for the vessel. Such an assessment 
will take account of a number of factors: the vessel’s Port State 
Control history. For example, defects related to charts not being 
up-to-date or passage plan defects may influence the level of 
VTS oversight. A vessel with minimal Port State Control history, 
whilst still receiving VTS oversight may not necessitate a higher 
level of attention as a vessel with numerous detentions and 
regular deficiencies may. 

Additional data such as frequent changes of vessel name, vessel 
owner or flag may be useful from a commercial perspective 
highlighting a possibility of arrest, detention or difficulties in areas 
such as port fee recovery.

Kevin Gregory LLB (hons) 
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The new Port of London Authority Thames Barrier Navigation Centre, managing the Central London area of the River Thames.
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This article aims to explain the implementation of the 
e-navigation concept in the Flanders Port Area:

  The collection of radar and AIS data is handled by the VTS 
authority in the Flanders Port Area for the benefit of other 
maritime stakeholders. Voyage-related data is gathered by the 
maritime stakeholders in such a way that we strive to the ‘one-
stop shop’ concept.

In the Flanders Port Area, the VTS plays a role as a ‘connector’ 
to exchange information nationally and regionally. Nationally 
AIS and voyage-related information is exchanged via a regional 
network with the other maritime stakeholders (local port 
authorities, pilot organization, MRCC, VTS). The VTS authority 
also exchanges radar, AIS and voyage-related information 
regionally (NorthSea AIS, SafeSeaNet).  

Besides the electronic exchange of maritime information it 
is equally important that Port Coordination Centers house the 
maritime stakeholders responsible for an efficient port planning. 
Being located in the same centre allows easy communication 
between VTS operators of these different maritime stakeholders 
to take appropriate action, which adds an extra level next to the 
electronic exchange of maritime information.

The presentation of maritime information is done internally 
in the VTS centers by consolidating internal data with data 
from the regional network. This is done in such a way that the 
VTS operator is not overloaded with information, but so that 
critical information is available when needed. Different decision-
supporting tools are available to the VTS operator.

Introduction
The mission of the shipping assistance division is to organize 
safe and efficient shipping from and to the Flemish seaports 
located in the Flanders Port Area: Ostend, Zeebrugge, Ghent 
and Antwerp. This paper presents the investments made in 
technical infrastructure, the established agreements (regionally and 
internationally) and the operational teams involved and how they 
cooperate to achieve the mission by using e-navigation.

The long-term strategy and vision and background of these 
investments are the concretization and realization of a ‘chain 
approach’, with the goal of a streamlined organization and 
coordination of shipping from open sea to the quay wall in the 
port, and vice versa, in cooperation with all stakeholders.

The shipping assistance division

Maritime & Coastal Services
The shipping assistance division is a division of the Maritime 
& Coastal Services Agency of the Government of Flanders. 
The Agency is responsible in Flanders for the affluent and safe 
shipping to and from the four Flemish seaports, the management 
of the coast, and the hydrographical and hydrometeorological 
services. The pilotage organization is responsible for the piloting 
assistance. The fleet is responsible for the transport of the pilots, 
for Search and Rescue (SAR) vessels and for providing vessels 
for other maritime assignments. The organization is responsible 
for the maintenance of the coastal defense against the sea, the 
hydrographical office and for the recreational ports along the coast. 

e-Navigation in the Flanders Port Area
Yves Maekelberg, Agency for Maritime Services and Coast, Belgium

Figure 1. Maritime and Coastal Services Agency.
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The shipping assistance division is organized into a Vessel Traffic 
Services, an MRCC responsible for SAR, and cooperation with 
the port captain office of each of the four Flemish ports.

VTS
Since the radar treaty was signed between Flanders and The 
Netherlands in 1978, there is a bilateral nautical management 
between Flanders & The Netherlands in the form of one-cross 
border VTS for the Scheldt area: the Scheldt Radar Chain 
(abbreviated SRK in Dutch). Its mission is to organize safe and 
efficient shipping from and to the ports along the Scheldt.

This VTS is organized into a number of operational teams, a 
technical team, and commissions supervision of these activities. 
This VTS consists of three VTS centers in The Netherlands along 
the river Western Scheldt, and two VTS centers in Flanders (one 
in the Port of Zeebrugge and one in the Port of Antwerp). This is 
a fully integrated VTS system (operational since March 1st 1991), 
working with identical VTS systems, procedures and training. 
These centers operate 24/7 and assist the ships and provide the 
necessary information, and keep the traffic image up-to-date 
based on information from radar, VHF communication and 
VTMIS system. These tools allow the VTS operator to anticipate 
possible situations that can affect the safe and efficient shipping.

The common nautical authority is responsible for the nautical 
coordination of the shipping traffic in close relationship with 
all other maritime administrations. This is a joint Flemish-
Dutch team located in Flushing. The technical and functional 
management is carried out by the joint Flemish-Dutch team 
BET-SRK, located in Flushing. Next to these technical and 
operational teams a number of commissions supervise the 
operations and investments of SRK.

MRCC
The shipping assistance division coordinates and supports the 
search and rescue activities at sea from its MRCC in Ostend. 
The MRCC is responsible for the coordination between several 
regional maritime administrations from the Flemish Community 
and the Province of West-Flanders, and several federal maritime 
administrations from the Belgian Government.

In 2005 the Flemish and federal government signed an 
agreement to establish and cooperate in a coastguard structure 
which incorporates all maritime competences in regard to the 
North Sea. This established the Coast Guard centre (operational 
24/7) being made up of two components: the MRCC Ostend 
(representing the safety competences of the Flemish authority), 
and the MIK in Zeebrugge (representing the secur ity 
competences of the Federal Belgian authority).

The basic principles of the Coast Guard are:

Equality between different parties

Respect for legal responsibilities and competences

 Optimum use of infrastructure and means so as to avoid double 
costs.

Cooperation with the four Flemish ports
To guarantee fluent and safe shipping, the shipping assistance 
division manages and follows up on the agreements between the 
Government of Flanders and the Port Captain’s Service of each of 
the four Flemish sea ports.

Subsidies are available (within the budgetary restrictions 
of the Agency for Maritime & Coastal Services) for the non-
commercial activities of the Port Captain Service for activities 
concerning shipping assistance and safety.

Next to these subsidies, investments are made into VTS projects 
supporting these activities of the Port Captain Service: radar and 
AIS system, CCTV system, VTMIS system (and the coupling of 
this system to other maritime administrations). Follow-up of these 
agreements is done in the form of indicators.

The chain approach
The concretization and realization of a chain approach aims to 
achieve a streamlined organization and coordination of shipping 
from open sea to the quay wall in the port, and vice versa. In the 
Flanders Port Area the principles are legally foreseen in:

Flemish Law (Decrees): ‘Shipping Assistance Decree’.

Common Nautical Management Treaty (Flanders & The 
Netherlands).

Figure 2. The central broker system.
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The goal of the chain approach is to link all stakeholders so that 
each forms a link in the chain.

A number of investments have already been realized to be able 
to exchange voyage-related data and position-related data in the 
Flanders Port Area. At the base of this information exchange 
lies a fiber optics network owned by the Flemish Government. 
This network connects all locations of the different maritime 
stakeholders in the Flanders Port Area. This network forms the 
basis that supports exchange of voyage and position-related 
data between different stakeholders. Further investments are 
planned to stimulate this chain approach in the form of port 
coordination centers.

Exchange of voyage-related data
Since organizing safe and efficient shipping requires cooperation 
between different maritime administrations, the electronic 
exchange of information regarding the voyage of a ship is a 
technical tool to assist in this mission.

In the Scheldt region a regional e-maritime network was 
setup to exchange XML messages between the VTS authority, 
the port authorities, the pilot organization and the inland water 
authorities: the Central Broker System (CBS). These XML 
messages are generated by the VTMIS systems of each of the 
maritime administrations and are distributed by the CBS based on 
a publish/subscribe mechanism with the necessary access rights. 
This allows information to be entered into one VTMIS system 
to be distributed to other VTMIS systems without the need for 
ship agents/captain to report to the same information to different 
maritime administration twice. Regular consultation meetings are 
organized to adapt the CBS messages to new/updated regulations 
or to add extra information that needs to be exchanged.

This CBS is also being used by the Belgian SafeSeaNet 
National Competent Authority (represented by the shipping 
assistance division) to gather data from the Local Competent 
Authorities and to send it the EU SafeSeaNet system.

Exchange of position-related data
SRK set up an AIS base network covering all of the working 
area. This regional AIS information is available to all maritime 
administrations in the Flanders Port Area in the form of 
a website or an NMEA stream. The regional AIS information 
is exchanged with the interregional North Sea AIS system to 
enable interregional AIS position information to be obtained. 
In the Flanders Port Area, this North Sea AIS traffic image is 
integrated into the VTS system of the MRCC in Ostend to get 
a broader traffic image, which from an operational point of view 
is particularly interesting when coordination is needed between 
neighboring countries. It is also available to the port authorities 
(but only for those ships sailing to their port), the MIK and the 
pilot organization for planning purposes.

Radar track information from the VTS services of SRK is also 
being exchanged with the VTS systems of the ports. This makes it 
possible that track information for tracks corresponding to non-
AIS ships, which have been labeled by the VTS organization, is 
passed on without the port authority having to re-label that track 
on their own VTS system.

Further exchange of position-related data has been realized in 
the benefit of the pilots onboard a ship. Since they were equipped 
with a display unit visualizing their position on an ENC chart in 
combination with the AIS information of ships equipped with 
AIS transponder, they were lacking information regarding the 
non-AIS equipped ships sailing along them.

Since the VTS organization tracks and labels the inland vessels 
on their radar system, this information was available ashore. A 
special interface was developed to distribute these labeled tracks 
to the display units of the pilots on board a ship, improving the 
real-time information available to the pilot.

Port Coordination Centre 
Next to being able to exchange information electronically 
and automatically it is very important that there is a direct 
communication between the different maritime authorities 
involved in the follow-up of a ship’s voyage. It is even better if 
these operators are located in one operational room, allowing 
direct one-to-one communication. That is why the shipping 
assistance division is investing in the port coordination centers 
that allow together several stakeholders (pilotage, VTS, port 
captain service, tugboat & port logistics partners, etc.) to be 
brought together in one room and on to one working floor.

In the Port of Zeebrugge preparations are being made to 
house the port coordination centre on the sixth floor of the 
building next to the Vandamme sea lock by 2013. This sixth 
floor will provide an operational room where all consoles of the 
different stakeholders will be located at the front of the building 
providing a direct visual view on the Port, with the information 
presented on different screens on the console. At the back side 
of this floor a meeting room will be available in case of special 
circumstances or in case of an incident so that the representatives 
of all involved stakeholders can come together in one room, 
where all operational data is available to be able to take the 
appropriate decisions. 

In the Port of Antwerp there are plans to build a new Antwerp 
Coordination Centre in between the locks in Zandvlie (to be 
operational in 2013). This building will house the operational 
people of different stakeholders in one operational room up 
in the tower, while downstairs offices will be available for 
administrative purposes. Also for the canal Ghent-Terneuzen 
discussions about a coordination centre have started.

Conclusion 
The shipping assistance division acts as a connector to exchange 
information nationally and regionally. Organizing safe and 
efficient shipping in the Flanders Port Area is achieved through 
the r ight balance between the technical investments, the 
dedication of the operational teams, and the necessary agreements 
between different stakeholders.

Establishing the necessary technical infrastructure was necessary 
to provide the operational people from different stakeholders with 
the means to exchange information. But even further optimalization 
is being expected by bringing the operational teams of the different 
stakeholders together in one port coordination centre.

The Agency for Maritime and Coastal Services is responsible for coastal 

defences; management and maintenance of the infrastructures of the ports of 

Zeebrugge, Ostend and the other coastal ports; management of the Bruges-

Ostend Canal and the coastal canals; management and maintenance of 

the maritime access routes to the coastal ports and the Western Scheldt; and 

management of the hydrometeorological station.

Flemish Ministry of Mobility and Public Works; Agency for Maritime and Coastal 
Services

Administratief Centrum Vrijhavenstraat 3

Oostende 8400

Belgium

Web: www.afdelingkust.be
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“When analyzing maintenance costs, labor costs are 60–
70% in Northern Europe, while only 20–30% in low labor 
cost countries. This brings a dilemma: Should you buy 
cheap low quality assets in low labor cost countries, and 
expensive high quality assets in high labor cost areas?”
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In a concerted effort to reduce injuries and loss of life, as well 
as to reduce damages and delay to port and terminal operations 
worldwide, the TT Club, ICHCA International and the Port 
Equipment Manufacturers Association (PEMA) agreed in 2010 to 
join forces in creating recommended safety features that should be 
standard as a minimum on all quay container cranes.

The genesis for the project was a TT Club global analysis of 
insurance claims by ports and terminals, which revealed that 34% 
of the cost of asset-related claims worldwide was directly related 
to quay container cranes. While a range of technologies now 
exist that can significantly improve the safe performance of quay 
container cranes, and help address some of the most common 
causes of accidents and claims, many of these features are not 
currently included as standard on new cranes.

The three organizations therefore set out to identify and 
recommend a baseline specification for quay container cranes in 
relation to safety features that should be included in specifications, 
tenders and quotations for new quay container cranes.

This current document, first published in June 2011, is the 
result of this joint working initiative, and is intended for use both 
by buyers and suppliers of quay container cranes. 

The recommendations provided here do not carry any force 
of law, and are independent of the various local, national and 
international regulatory regimes on the safe design, manufacture, 
specification and operation of cranes, which must also be satisfied. 
The hope of all three parties, however, is that the safety features 
outlined here will be embraced both by buyers and suppliers as a 
voluntary industry standard.

Introduction 
With over 2,000 insured operations, including over 400 ports 
and terminals globally, the claims data gathered by the TT Club 
provides a real perspective of the types and causes of accidents 
globally. An analysis of global asset-related claims by TT Club 
identified that 34% of the cost of global asset claims are related 
to quay container cranes. This startling statistic was the catalyst 
for this document, which recommends standard safety features 
and specifications that can minimize or entirely prevent some of 
the most common causes of accidents involving this type of port 
equipment. The TT Club global analysis of quay crane claims data 
identified the leading causes of accidents and failures as:

Wind damage
Mainly involving cranes being blown along rails, this is the 
biggest preventable weather damage cost. While procedures are a 
significant issue in reducing this type of accident, equipment type 
and design can reduce these claims.

Hoist, spreaders and ropes
These are the most used and abused items of equipment in a 
terminal and require regular inspections and better preventative 
maintenance – or can we design them better?

Structural integrity issues
Crane collapses and other structural failures can be minimized 
if ports and terminals ensure that regular structural inspections 
are carried out as per ILO Convention 152. Or can we better 
design them?

Recommended minimum safety 
specifications for quay container cranes
A joint initiative from TT Club, ICHCA International and Port Equipment Manufacturers Association (PEMA)

Figure 1. Global cost analysis of asset-related claims in ports and terminals. (Source: TT Club)
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Operational issues 
Boom-to-ship collisions are the single largest cost of claims in this 
area, followed by other collisions and claims caused by issues with 
spreaders, ship cell guides and ropes.

The need for a new approach
Technology solutions are now available for quay container cranes 
that can dramatically improve their safe performance and help 
address the issues outlined above. However, many of these features 
are not currently included as standard on new cranes.

The TT Club, PEMA and ICHCA International are committed 
to supporting and promoting technological advances that 
will enhance safety and performance in the operational port 
environment. By way of example, the TT Club has recommended 
installation of boom anti-collision sensors, which have been proven 
to prevent significant damage cost and business disruption, as well 
as enhance safety for crane drivers, stevedores and ships’ crews.

Based on the latest technologies now available, this joint 
initiative aims to provide the industry with a benchmark 
minimum standard safety specification that can be incorporated 
into specifications and quotations dur ing the new crane 
procurement process. The full recommended list of these safety 
features is shown in the table below. Just like seat belts in cars, such 
features, which have been proven to reduce injury and damage, 
should be standardized and not offered as optional extras.

Inevitably, crane procurement is price sensitive, requiring a 
significant budget, and buyers will not always be familiar with 

the most effective safety technologies. Furthermore, the process 
frequently is complex. Any quote needs to be carefully assessed 
against the invitation to tender, and subsequent change requests 
can be costly. For these reasons, all tender specifications should 
provide a standard safety baseline.

This document recommends that the features outlined below 
should be included in the tender specifications developed by 
buyers, and should also be listed as standard in initial quotations 
from suppliers, rather than as optional extras. The resulting safety 
enhancements will reduce injuries and damage costs over the life 
of the crane, and improve the reputations of both the container 
terminal and crane industries through the increased focus on safety.

In developing this project, all the relevant stakeholders have been 
involved. PEMA represents the container crane and technology 
suppliers, and the TT Club and ICHCA International represent 
the container terminals. Each group has liaised with its members 
to ensure input and ownership from all and the best result.

Crane manufacturers that choose to include the minimum 
standard safety features in their initial quotation, and not as optional, 
will now be entitled to state in their tender quotation: “This 
tender quotation includes all the minimum standard safety features 
recommended by the TT Club, ICHCA International and PEMA.”

While this current document is restricted to quay container 
cranes, it may also be relevant for other cranes and terminal 
equipment. The longer term aim of the three parties is to establish 
similar international baseline safety standards for all types of 
terminal equipment.

Recommended minimum safety features
The table overleaf is not all-inclusive, but rather a shortlist of 
key safety features that are both practical and effective. Based on 
experience, accident records and insurance claims analysis, this list 
covers the systems, structures, features, equipment and technology 
that have been most proven to reduce injury or damage, and 
which are currently not standard.

The aim is for suppliers to include as standard, not optional, the 
features on this list in all their quotations. Terminals and buyers 
are also recommended to include these features in their tender 
specifications. Many, if not all, of these safety features can be 
retrofitted to existing cranes and this is also highly recommended. 
Existing international, national and/or local regulatory standards 
must be also be satisfied.

Figure 1. Global cost analysis of operationally-related quay crane claims in ports and terminals. (Source: TT Club)

Windstorm damage.
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No.  RISK  SAFETY FEATURE  FUNCTIONAL REQUIREMENT 

1  Boom colliding with ship  Boom anti-collision  A minimum of 2 detection zones: 
      Warning or slow down  Stop 

   Detection range shall be such that it will allow enough time for the crane  
      to come to a “normal” stop. 

   Suitable electronic sensors designed specifically for this application must 
be used. Lanyard or tripwire systems are not adequate. 

2  Gantry colliding with objects on  Gantry travel anti-collision A minimum of 2 detection zones: 
 rail tracks or near vicinity     Warning or slow down  Stop 

   Detection range shall be such that it will allow enough time for the crane 
to come to a “normal” stop. 

3  Adjacent cranes colliding  Crane to crane anti-collision  A minimum of 2 detection zones: 
      Warning or slow down  Stop 

   Detection range shall be such that it will allow enough time for the crane 
to come to a “normal” stop. 

4  Crane drivers adversely affected  Operator cabin air  The cabin shall be provided with a proven positive pressurized air 
 by ship stack emissions or other  conditioning    filtration system with high efficiency particulate and gas absorbers, or  
 air pollutants     similar, to protect the operator from harmful emissions from ships’ stacks  
      or other air pollutants. 

5  Damage and injury caused by  Wind speed detection and  An anemometer shall be installed in clear air at the top of the crane, 
 operating the crane in high alarm to enable driver to    giving an indication in the driver's cab, both audible and visual, that the  
 winds stop the operation, park and    safe operating wind limit has been reached.  
  shut down the crane safely An audible alarm shall also be installed to indicate to persons on the

berth that this limit has been reached. 

   The anemometer shall be capable of recording well over the expected 
worst case windstorm. The wind speed, direction and time shall be recorded. 
The recommended maximum operating wind speed should be set at 22m/s. 

   Crane must not shutdown automatically, even if the alarm sounds 
continuously. This allows the crane to travel to the storm pin/tie-downs. 

6  Cranes being blown along the  Means to engage the crane Crane storm pins shall be installed at the centre of the crane under the 
 crane rails horizontally on rails     sill beams on both waterside and landside and one or more corresponding  
      locking positions on dock in distance reachable within the expected time 
      to high wind condition. 

   The storm pins, the mounting on the crane and also the pin sockets in the 
quay structure must all be designed to withstand the maximum forecast 
forces exerted. 

7  Cranes being blown over  Means to engage the crane Substantial crane tie-downs on each corner and one or more 
  vertically to prevent wheels     corresponding locking positions on dock in distance reachable within the  
  being detached from rails    expected time to high wind condition. 

   The tie-down connections on the crane and also the anchor points in the 
      quay structure must all be designed to withstand the maximum forecast  
      forces exerted. 

8  Runaway crane due to sudden  Gantry braking  Gantry drive braking system shall be designed to stop and hold the crane 
 high wind condition      with a wind speed of 40m/s from behind. 

   Design shall take into account uneven weight distribution so that the 
braking force transfers to the crane rails. This means no wheel skidding 
under normal braking. 

9  Structural or lifting system  Hoist snag load protection  Detection system to activate “fast stop” of the lifting system and a 
 damage caused by snagged      system to absorb or isolate the kinetic energy in the lifting system, to  
 spreader or container     prevent the excess of designed load in the lifting system. 

10  Electrical or machine room fire  Temperature and smoke  Temperature and smoke detection alarm systems inside the electrical 
  detection in the electrical     control and machinery rooms which give audible and visual alarms in the  
  and machine room     driver’s cabin, electrical and machinery rooms, outside the machinery  
      house access door and on the landside sill beam. 

11  Electrical room fire  Fire suppression  A fully automatic fire suppression system mounted inside the electrical 
      cubicles. 

12  Falling or jamming between  Prevent unintended access  Spring set self closing gates with positive means to open. 
 movable parts of the crane  to risk areas Any access gates to risk areas (i.e. boom/trolley, cabin/boom etc.) shall be
 while personnel entering      interlocked to prevent access when not in parked positions, or when in 
 enclosed non access or     operation, and to prevent crane operation when open. 
 operating areas

TABLE 1: RECOMMENDED KEY SAFETY FEATURE
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The Port Equipment Manufacturers Association 

(PEMA) provides a forum and public voice for the 

global port equipment and technology industries, 

acting as a neutral platform to enhance industry 

best practice and knowledge, and to raise awareness 

of how equipment and technology can enhance 

port efficiency. Founded in 2004, the Association 

currently has over 50 members and counting.

The TT Club is the international transport and logistics 

industry's leading provider of insurance and related 

risk management services. Established in 1968, the 

Club's membership comprises ship operators, ports 

and terminals, road, rail and airfreight operators, 

logistics companies and container lessors.

ICHCA International is the only global association 

dedicated to the promotion of safety and efficiency 

in the handling and movement of goods by all 

modes and throughout the supply chain. ICHCA 

International members include ports, terminals, 

transport companies and other groups associated 

with cargo handling and coordination. Members 

of its Panels represent a substantial cross-section of 

senior experts and professionals from all sectors of 

the cargo transport industry globally.

PEMA Secretariat Office

3 Pretoria Road

London E4 7HA, UK

Tel: +44 (0) 20 8279 9403

Email: info@pema.org 

Web: www.pema.org 

ABOUT THE ORGANISATIONS ENQUIRIES 

No.  RISK  SAFETY FEATURE  FUNCTIONAL REQUIREMENT 

13  Overloaded or mis-declared  Measure the weight and  System to measure, indicate and record the actual weight and eccentricity 
 container weights and eccentricity of each     of each container. Data to be capable of being transferred to the terminal  
 eccentrically loaded containers container     operating system (TOS).  
 causing risks: trucks overturning; 
 road damage; ships sinking;  
 containers collapsing

TABLE 1: RECOMMENDED KEY SAFETY FEATURE (CONTINUED)
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Introduction
Khalifa Port – the first automated container terminal in the 
Middle East – is currently being constructed in Abu Dhabi to 
serve as the main artery for Abu Dhabi’s continued growth. With 
16m water depth alongside and an annual handling capacity of  
2 million TEU, the port is well set-up to handle the largest vessels. 
At the time of writing (October 2011) the Automated Stacking 
Cranes (ASCs) are being erected. 

Abu Dhabi Terminals will transfer container operations 
from Port Zayed, the largest port in Abu Dhabi where ADT is 
currently operating. Though the experience gained from running 
this facility brings the necessary advantages, it also poses some 
unique challenges on:

 Staff transition strategy and capability building 

  Process changes in key functional areas, and the consequential 
change management

 Aligning two organizations; creating value from synergies.

This article focuses on the transition strategy for the technical 
organization. It also outlines the potential conflicts that 
exist when developing a technical strategy in a low labor cost 
environment.

Key challenges in running Port Khalifa 
effectively
The challenges originate from the fact that the equipment used 
in Port Khalifa utilizes the latest technologies, which in turn 
require highly skilled labor for maintenance. In addition, the 
ASC maintenance activities have greater impact on operational 
performance relative to RTG terminals.

An effective maintenance organization requires the following 
five elements:

1.  Maintenance processes must be mapped and aligned with 
other functional organizations.

2.  Maintenance staff must operate effectively, calling for skills, 
knowledge and experience.

3.  The Computerized Maintenance Management System 
(IBM Maximo) must fully support these processes, and allow 
management to drive performance at different organizational 
levels.

4.  Maintenance plans describing what needs to be maintained, 
how and when. The plans should also avoid over-maintaining.

5.  State of art equipment, parts and facilities to carry out 
the maintenance activities.

The gaps that drive the transition strategy are mapped through 
simple questions: Do we have these elements in place today? 
To what extend do we want to develop these further? The fifth 
element concerns state-of-the-art equipment, parts and facilities. 
They have the lowest possible total cost of ownership, while 
also meeting the operational needs in terms of availability and 
reliability. This can only be achieved by having the operations, 
technical and procurement functions work together as a team. 

Value of teamwork in procurement, 
technical and operations functions
The influence on the total cost of ownership (TCO) should be seen 
in relation to the different steps in the asset lifecycle (Figure 1).

When analyzing the breakdown of TCO for container handling 
equipment, dependent on the asset and labor costs, roughly 
30–40% of the TCO is the actual investment size. However, after 
development of the technical specifications and supplier selection, 
70–80% of the TCO is determined as this governs the purchase 
price, maintenance costs and fuel consumption. A further 5–10% 
is determined during fabrication where extensive quality control 
mechanisms are required to drive TCO down. This demonstrates 
two facts:

1.  Technical Asset Management strategies can (only) influence 
10–20% of the TCO once the asset has arrived in port.

2.  Solid teamwork between procurement, technical and operation 
functions is an absolute must!

When analyzing maintenance costs, labor costs are 60–70% in 
Northern Europe, while only 20–30% in low labor cost countries. 
This brings a dilemma: Should you buy cheap low quality assets in low 
labor cost countries, and expensive high quality assets in high labor cost areas? 

An asset management view: the first 
automated terminal in the Middle East
Angelo de Jong, Technical Project Manager, Khalifa Port, Abu Dhabi Terminals, Abu Dhabi, UAE

July 2011: Helicopter view of Port Khalifa.
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Figure 2 illustrates a calculation of TCO for two RTGs: a low 
quality, cheaper RTG vs. a high quality, more expensive RTG. 

The illustration below demonstrates that the TCO is 4% lower 
(US$98,000) for the low quality RTG in a low labor cost country. 
The opposite is true for the high labor cost scenario, where the 
higher quality RTG has a lower TCO.

We still cannot conclude that that low quality assets are 
recommended for low labor cost countries, as the cost of 
downtime is another variable that comes into play. 

Cost of downtime
The cost of downtime is very different between different types of 
assets; it varies with terminal utilization, so the calculation needs 
to be expanded to cater for:

Direct M&R costs (already included in previous TCO example)

Indirect costs – other assets need more running hours to handle 
the same volume

Lost revenue – mainly for quay cranes 

Operational labor waiting for asset to come online after an 
unplanned breakdown

When the terminal capacity utilization is below 60–70%, 
operations will generally have additional equipment in place 
which will limit any downtime costs. An exception here is the 
deployment of quay cranes as operations are more restricted.

Despite the fact that technical asset management theories have 
a relatively small impact on total cost of ownership, it remains the 
only sensible approach to drive down maintenance costs while 
improving asset availability and reliability.

Developing a technical strategy
The technical strategy in Port Khalifa is built around achieving 
the lowest TCO while maximizing availability and reliability, as 
shown in Figure 3.

The foundation of the technical strategy is placed on the asset 
and the part criticality ranking. This is determined by giving asset 
types a score based on their importance in generating revenue 
and the impact they have on service delivery to customers at the 
gate or the berth. The second step is to develop and maintain a 
part criticality ranking: “which parts of each asset are more critical 
than others”. This is determined in a similar approach, only now 
the parts are ranked based on the impact they have on:

 The safety performance (i.e. load cells, limit switches)

Environmental performance (i.e. fuel tanks, hydraulic hoses)

Figure 1. Total cost of ownership (TCO) in relation to the different steps in the 
asset lifecycle.

Figure 2. Comparison of total cost of ownership (TOC) between low and high quality RTGs. 
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 The difficulty to repair (i.e. boom hinges) 

  The impact the part has on asset availability when down (i.e. 
gearboxes, motors).

Based on this ranking, each asset type and component is 
maintained adequately as illustrated in Figure 4.

The critical parts are subject to full root cause analysis on every 
breakdown, and subject to total productive maintenance strategies. 
This compares to the non-critical parts which are not maintained.

The above part and assets criticality, in turn have a profound 
effect on the procurement strategy.

Conclusion
In conclusion:

  The key to driving TCO down is to make fact-based decisions 
during the procurement phases. 

Technical asset management strategies can influence 10–25% of 
the TCO dependent on labor cost. Despite this, it remains the 
only tool to drive down maintenance costs.

  The maintenance labor cost has an impact on the procurement 
strategy in the assessment of the cost of quality.

Cost of downtime is low if not zero in most cases dependent on 
terminal capacity utilization.

Angelo de Jong was appointed Technical Project Manager 

at Abu Dhabi Terminals in February 2011. He is responsible for 

setting up the technical organization and its asset management 

processes, for the semi-automated facility which is currently being 

constructed in Abu Dhabi. 
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in the European region. He also worked on projects such as FastNet, electrification 

of RTGs, and various green technologies. 

Mr. de Jong’s roots are in the shipbuilding industry. He holds a Bachelor  
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Please contact us should you have any comments, suggestions or questions on 
this article, Port Khalifa or Abu Dhabi Terminals.

Angelo de Jong 
Technical Project Manager 
Abu Dhabi Terminals 

Tel: 00971 56 687 8633 

Email: angelo.jong@adterminals.ae 

Web: www.adterminals.ae
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Figure 4. Maintenance structure for asset and components, based on their 
individual criticality.

Figure 3. How achieving the lowest TCO relates to maximizing availability and 
reliability.
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Electrically powered mobility is a topic that is uppermost in 
everyone’s minds and the objective of numerous research and 
development programs. In the field of personal and commercial 
goods transport on public roads, electrically powered vehicles 
have not been able to make much of an impression due to the 
low energy density and high investment costs of today's batteries. 
As well as the challenges faced by vehicle designers, there is the 
additional issue of finding solutions for the infrastructure to 
enable the batteries to be recharged, and to adapt the technology 
to the typical habits of human users. In stark contrast to this, we 
have seen battery-powered drives in use in handling machine 
applications for many years, but even here there are opportunities 
for introducing new concepts for additional, improved areas of use. 

Container transport via maritime and r iver ports is an 
indispensable factor in our global economy. To be able to handle 
annual volumes of hundreds of millions of containers, high-
performance machines such as container gantries and stacking 
cranes are used alongside innumerable heavy vehicles for 
horizontal transport within the container terminals. Depending 
on the handling strategy applied at a terminal, various types of 
vehicle systems are in daily use, such as straddle carriers, reach 
stackers, and driverless transport vehicles, also termed Automated 
Guided Vehicles (AGV).

In contrast to the cranes, which are electrically powered as a rule, 
heavy vehicles for horizontal transport are usually powered by diesel 
engines and consume large quantities of fossil fuel. This causes a 
corresponding negative impact on the environment in terms of 
high levels of noise emission and high local toxic concentrations. 
It is for this reason that leading international maritime terminals in 
Europe and North America are currently in the process of making 
sustainable improvements to the environmental compatibility 
of their terminals. Terminal operators are well aware of their 
responsibilities, which is why many companies already include 
details of their carbon footprint in the reports they publish.

Gottwald Port Technology GmbH (Gottwald), a subsidiary 
of Demag Cranes AG, has set itself the task of developing a 
transport vehicle which is free of local emissions, offers the same 
efficiency as a vehicle with a diesel engine, but can be operated 
as economically or better. In doing so, Gottwald has opted for 
an electrically powered Battery AGV, whose drive technology 
is based on proven diesel-electric vehicles. Recharging traction 
batteries can take several hours, so to prevent the charging time 
having a negative effect on system productivity the machines 
incorporate a battery-changing concept, which enables the 
battery-changing and recharging procedures, and the container 
transport itself to be fully automated.

Potential for emission-free drives for 
vehicles in ports
Gottwald Port Technology, Düsseldorf, Germany

Figure 1. Fleet of diesel-electric Gottwald AGVs, including one of two Battery AGV prototypes. Inset: Loading existing diesel-electric AGVs at the Port of Hamburg.



Fleet of Gottwald AGVs including a Battery AGV at the Port of Hamburg, Germany

Gottwald Battery AGV: more 

cost effective thanks to reduced 

operating costs, more sustainable 

thanks to lower pollutant and 

noise emissions.

www.gottwald.com 

Gottwald Port Technology GmbH PO Box

Battery Power
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From a battery-powered test vehicle to a 
mature prototype
Gottwald AGVs are heavy transport vehicles with a payload of 60 
tonnes and a total laden weight of over 90 tonnes, and operate 
non-stop 24 hours a day in ports and terminals. The vehicles can 
carry either a single 20', 40' or 45' container or two 20' containers 
at the same time and achieve speeds of up to 22kph. 

In transport vehicles of this size and weight, battery operation 
is something completely new. To minimize development risks, 
the first step involved setting up and trialing a test vehicle in 
cooperation with HHLA Container-Terminal Altenwerder 
GmbH (CTA), Hamburg, a long-term customer of Gottwald. This 
meant that one of CTA’s 84 AGVs was converted by Gottwald 
to run on batteries, where the batteries themselves initially were 
integrated in a standard container on the AGV’s load area. Over 
the course of extensive tests it became clear that, under realistic 
working conditions, a battery-driven container transporter is a 
feasible reality.

During the second step, two battery-powered AGV prototypes 
and a fully automated battery-changing and recharging station 
were developed, set up and tested in field tests within the 
context of a project funded by the German Federal Ministry 
for the Environment, Nature Conservation and Nuclear Safety 
(BMU). This funded project also involved HHLA Container-
Terminal Altenwerder GmbH, Hamburg; the Institute for Vehicle 
Technology (ika) at the RWTH Aachen University, and the 
Institute for Energy and Environmental Research Heidelberg 
GmbH (ifeu). 

The advantage of this consortium was that the battery-
powered drive train could be scientifically analyzed while 
being tested under practical conditions. This enabled economic  
and technical risks of the development work to be minimized, 
while monitoring and optimizing ecological interaction at the 
same time.

Fully automated battery swap in only  
five minutes
The energy storage media used in the Battery AGV are lead-acid 
batteries which, in comparison with other kinds of batteries (for 
example, lithium ion (Li-ion) or nickel-metal hydride (NiMH) cells), 
currently offer considerable cost advantages and are fully recyclable. 
In addition, there are numerous and extensive standardizations and 
experience reports available for these batteries regarding long-term 
behavior, service life and recharging technology. 

To achieve the required duty time of over 12 hours with 
a single charge, it is necessary to use batteries whose mass and 
volume are five to ten times that of standard traction batteries. 
The traction battery for the Battery AGV consists of an 
interchangeable battery cell frame, which houses nine standard 
80-volt battery boxes. The interchangeable battery cells are 
positioned in the middle of the vehicle due to the considerable 
weight of approximately 10 tonnes. The electrical connections are 
made via special purpose, automatically actuated couplings. 

Not only the vehicle technology is new – the battery-changing 
method also involved breaking new ground. The application of 
a fully automated battery-changing and recharging station is a 
completely new concept. In close cooperation with Vollert, a well-
known manufacturer of heavy-load handling systems, a new fully 
automated battery-changing station was developed. The ten-tonne 
battery packs are handled by a manipulator, which is similar to the 
storage and retrieval robots used in high-bay shelving systems.

 When the battery charge level in the vehicle drops to a 
certain point, the terminal operating system (TOS) automatically 
sends the AGV to the battery-changing station. Here, the 
manipulator performs the battery change by extracting the 
batteries from the side of the vehicle and inserting them into a 
free slot in the shelf system. The vehicle is then fitted with a fully 
charged cell pack and can return to work after an interruption of 
only around five minutes.

Figure 2. One of two Battery AGV prototypes at the Container-Terminal Altenwerder (CTA), Hamburg.



PORT TECHNOLOGY INTERNATIONAL   69 

CONTAINER
HANDLING

The flat battery is then moved to a charging point where it 
automatically makes contact with the charger and its recharging 
process begins. The very short downtimes offered by the fully 
automated battery-changing procedure enables the productivity 
of the system to continue at much the same level as the current 
system, which uses diesel-electric vehicles. As a result, using 
Battery AGVs does not necessitate having more vehicles available.

For each of the two prototypes there is one spare battery 
available. With larger fleets of vehicles, where each battery can 
be used in any of the vehicles, it is expected that only one spare 
battery will be required for every two vehicles. 

Economical & environmentally compatible
This battery-driven system considerably reduces the amount 
of energy required and the environmental impact. There are, 
for example, no waste emissions during operational vehicle 
downtimes, as there are with diesel vehicles. Furthermore, the 
efficiency levels are also high in partial load operation and 
some energy can be recovered during braking actions. First test 
results have demonstrated that CO

2
 emissions can be reduced 

by around 30% in comparison with diesel-electric AGVs, taking 
into account the full energy chain and based on the current 
German fuel mix. This benefit will be expanded as the amount 

of electricity acquired from renewable sources rises in the 
future. The system also offers the opportunity to minimize CO

2
 

production by exploiting green sources of electricity generation.
In terms of the acceptance of container transport vehicles 

of this kind, it is not only the possible reduction of hazardous 
emissions and noise that plays a key role, but also the cost 
effectiveness of the system. First trials indicate that annual overall 
costs can probably even be reduced, taking into consideration 
investment write-downs for the vehicles and infrastructure, 
operating costs and interest paid as compared to conventional 
diesel-electric vehicle fleets, while maintaining the same level of 
productivity. The increased initial investment costs for the traction 
batteries and battery-changing and recharging station will be 
quickly offset by much reduced maintenance and energy costs. 
It is anticipated that this effect will be seen even more clearly 
as energy prices rise in the future and environmental legislation 
becomes more restrictive.

The battery-powered AGV project has demonstrated that much 
improved environmentally compatible container transport in 
ports and terminals is not only technically feasible, but also cost-
effective. The framework conditions for such a transport system 
provide tremendous potential for harnessing the undisputed 
advantages of electric mobility in the near future.

Gottwald Port Technology GmbH, based in Düsseldorf, Germany and a 

subsidiary of Demag Cranes AG, is a manufacturer of harbor cranes and terminal 

automation technology. With a total of over 1,300 mobile harbor cranes sold, 

the company is world market leader in this product sector. In the field of terminal 

automation, Gottwald Port Technology offers system solutions that incorporate 

both the company’s own software and hardware. Gottwald Port Technology 

supplies customers in around 100 countries.

Gottwald Port Technology GmbH

Postfach 18 03 43

40570 Düsseldorf

Germany

Tel: +49 (0)211 7102 0

Fax: +49 (0)211 7102 3651

ABOUT THE COMPANY ENQUIRIES 

Figure 3. Fully automated battery-changing station.
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The Panama Canal is being expanded to handle “New Panamax” 
containerships with 19 containers across the deck. Shipping lines 
are ordering 18,000 TEU jumbo ships, sometimes called “Ultra 
Large Container Ships” (ULCS) with 23 containers across the 
deck (Jumbo-23). Many existing quay cranes are not capable of 

servicing these larger ships. The choice is either to purchase new 
larger cranes, or enlarge existing cranes. 

This article discusses enlarging existing cranes: how much, 
enlarging methods, conceptual cost and schedule estimates, and 
other considerations. Even some recently purchased cranes would 
require enlarging. Figure 1 presents the outreach demand of 
Panamax, New Panamax, and Jumbo-23 cranes, and the lift height 
and outreach of some recently purchased cranes.

In many cases, cranes can be modified for less cost and in less 
time than procuring a new crane. The cost of a new crane ranges 
from US$8–10 million. Enlarging and upgrading costs vary from 
25% to 60% of the cost of a new crane, and the time required to 
enlarge a crane is sometimes half that of procuring a new crane. 

Wheel loads for larger cranes may exceed the stated allowable 
wheel loads. Often, this is not a problem since increased capacity 
can usually be justified using modern analysis methods and 
considering the as-built crane girders.

Ship sizes: Panamax, New Panamax, and 
Jumbo-23
Increasing lift height and outreach
Larger ship sizes demand more crane lift height and outreach. 

There are many ways to enlarge a crane. Figure 2 presents issues 
and examples of modifications required for a typical 17-wide 
post-Panamax crane to service a 19-wide New Panamax ship.

The New Panamax and jumbo ships  
are coming! 
Erik Soderberg, Structural Engineer and Vice President, & Derrick Lind, Structural Engineer and Associate, Liftech Consultants Inc., 
Oakland, CA, USA

Figure 1. Outreach requirements and recently purchased crane sizes (Liftech 
2011 data).

Figure 2. Crane modifications for 17-wide crane for the New Panamax ship. 

Data points for recent crane purchases from Liftech data.
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Figure 3 presents issues and examples of modifications required 
for a 17-wide post-Panamax crane to service the Jumbo-23 ship.

Increase lift height
Increasing the lift height is a common modification. Often, new 
leg sections are inserted. Diagonal braces may be added to the 
portal frame to maintain the crane stiffness in the trolley travel 
direction. Small diagonal braces may be added at the top of the 
landside and waterside O-frames to maintain stiffness in the 
gantry travel, and for strengthening. In areas of high seismicity, 
the seismic performance of the crane should be evaluated. It is 
practical to strengthen or provide ductile details for adequate 
seismic performance.

Many contractors have specialized jacking systems that can raise 
a crane in one day. Additional time is required for preparation, 
fabrication of inserts, and modification of non-structural elements 
such as the elevator, electrical components, stairs and platforms, 
and for other structural modifications such as stiffening the portal 

frame. Specialized jacking frames, shown in Figure 4, rest on 
the sill beam of the crane and maintain a load path through the 
crane’s wheels onto the wharf. 

The cost to raise a crane varies, however a standard raise is 
around $1 million including associated modifications. 

Increase outreach
Recently, many owners have purchased container cranes that 
can service ships with 22 containers across, “22-wide ships.” 
The outreach may be a little too short for the larger Jumbo-23 
ships. Usually little effort is required to increase the outreach by 
one container. For increases up to about two meters, it is often 
practical to make modifications to the trolley, trolley runway, 
stops, bumpers, the platform at the boom tip, and runway support 
structures. 

For larger increases, more significant modifications are required. 
Outreach is often increased by removing the end of the boom, 
modifying it on the quay, and reinstalling it on the boom 
tip. Sometimes it is necessary to remove the entire boom and 
modify it on the quay. Other structural modifications may include 
replacing the forestays with stronger stays and strengthening the 
upper diagonal and apex structure.

The boom hoist capacity may not be capable of lifting a heavier 
boom. Sheaves are often added to the existing hoist system 
without changing the motor or the drum. The increased length 
of hoist rope is often double-wrapped on the existing drum. To 
avoid double wrapping, the boom may be stowed in a partially 
raised position. Unlike the boom hoist drum, it is not practical 
to double-wrap the main hoist or the trolley tow ropes. If the 
existing drum grooves cannot accommodate the increased rope 
length, the dead wraps can be moved to the ungrooved portion of 
the drum. If there is no room for the additional rope, a new drum 
would be required.

The cost to increase the outreach varies. If only localized 
modifications are required, the cost can be less than $200,000. If 
major structural and mechanical modifications are required, the 
cost can be $1 million–$1.5 million.Table 1. Ship sizes.

Panamax:  The largest ship that can navigate the current Panama Canal.
New Panamax: The largest ship that can navigate the expanded 
Panama Canal to be operational in 2014.
Jumbo-23: 18,000 TEU capacity ship based on the Triple-E class ships 
ordered by Maersk, delivery in 2014.

Figure 3. Crane modifications for 17-wide crane for the Jumbo-23 ship.
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Increased wind loading
The increased wind loading on the modified crane may require 
strengthening of the crane frame. Diagonal knee braces may be 
added to the O-frames, as noted above. The crane and wharf 
stowage hardware may also need to be strengthened. The wharf 
strength may prove to be adequate by new calculations.

Upgrades 
Making major modifications presents an opportunity for 
upgrading crane systems. Common upgrades include replacing 
the crane drives and controls, and repainting. Increasing the crane 
lift capacity to convert from single to twin-40 lift capability is 
becoming a common consideration. Upgrading drives and 
controls typically costs around $1 million. 

Approach and considerations 
The first step in purchasing a new crane or modifying an existing 
crane is to establish the design criteria. 

To decide whether to modify an existing crane, it is worthwhile 
to perform a study to determine the scope of modifications 
(including upgrades), estimate the cost, evaluate the wheel loads, 
and consider improving seismic performance. The scope of 
modifications is often underestimated.

If the existing wheel load capacities are an issue, an engineering 
evaluation of the wharf capacity usually justifies additional 
capacity. If additional capacity cannot be justified, it is best to 
perform an engineering evaluation to determine if it is practical 
to procure new cranes with acceptable wheel loads; otherwise, 

Figure 4. Crane raise and leg insert installation.

Figure 5. Boom extension insert.
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wharf modifications may be required. 
After deciding to modify, a decision on how to construct the 

modifications must be made. Design-build is often preferred 
so the contractor is responsible for the design. Regardless of 
approach, a thorough specification should be developed. 
Even with design-build contracts, it is often worthwhile to 
perform engineering and provide design drawings to potential 
contractors. This eliminates the cost of redundant engineering 

required for bidding, and clarifies more complex engineering 
issues, for example, what modifications are required to 
upgrade the crane’s seismic performance. A more complete bid 
document will reduce the contingency amount the contractor 
will add. 

As a rule, better documents produce uniformity and lower 
bids. Allowing the contractors to submit alternative concept 
designs may also lower the bid price.
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RIMA’s COBRA cable protection system has been selected  
for the installation at the new container terminal in Shuaiba 
Port, Kuwait.

The system in its last updated version will provide protection 
to the feeding of seven STS cranes, supplied by Liebherr, to be 
installed along a run way of about 850 meters. Two additional 
STS cranes are likely to be installed at a later stage.

Realization works for relevant cable trench are in an advanced 
phase, and all main parts of the system have already been supplied. 
Operation of terminal will start around mid-2012.

COBRA is a RIMA-patented smart cable protection system 
based on a few peculiar points. The rubber cover belt is fitted 
below the pavement level and, thanks also to the narrow trench 
width needed, this avoids any transmission of loads from vehicles’ 
wheels to the rubber protection, even while steering or braking.  
This guarantees a maintenance-free, long life of the protection belt.

Furthermore the system is simple and cheap to install, since:

The system is fixed at just two points at either end of the crane 
runway; there is no need to fix thousands of bolts along the runway.

No tensioning devices are needed – the system has also a good 
allowance for eventual variation of length of the belt, without 
the need to install tensioning devices on the wharf.

Recently we saw some imitation of our system appearing in 
the arena, which means that features our system are recognized 
also by competitors, but without the real advantages of COBRA. 
For example, systems with a belt at pavement level don’t benefit 
from the absence of loads on the rubber belt. The presence of big 
tensioning devices also generates obstacles on the wharf.

RIMA is undertaking a continuous R&D program to ensure 
products remain up-to-date, and continue to evolve in line with 
the needs and requirements of material handling operators.

COBRA cable protection system 
implemented at Shuaiba Port, Kuwait
RIMA, Caronno Pertusella, Italy

RIMA is one of the world's leading manufacturers of hydraulic systems and 

components with innovative solutions for harbor cranes, with more than 50 years 

of experience. The company also has over 30 years of experience in the design 

and realization of storm brakes and hydraulic systems, and thousands of items of 

crane equipment installed in hundreds of ports around the world.

RIMA

Via Enrico Fermi 255, 21042, Caronno Pertusella, Italy

Tel: 0039 0185 776 692 | Fax: 0039 0296 571 860

Web: www.rimagroup.com 
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Specialist port and marine engineering company Seward Wyon 
recently completed a project to source, procure, relocate modify 
and commission a used rail-mounted harbor crane for the A&P 
Ship repairs company in Falmouth UK. 

The crane, which was originally manufactured by Liebherr in 
1985, was located and procured from the Steinweg Terminal in 
the Port of Hamburg. With a lifting capacity of 45 tonnes, the 
crane weighed in at approximately 650 tonnes. 

Seward Wyon engineers produced the lift plans and lifting 
configurations, designed and fabricated the lifting points and 
sea fastening brackets, which in turn were installed onsite in 
Hamburg by Seward Wyon site personnel. 

The crane was partially disassembled, with the heaviest 
module weighing in at 375 tonnes, and lifted on to Big Lift’s 
heavy lift vessel the Happy Diamond, ready for one of its first 
European voyages. The journey from Hamburg to Falmouth took 
approximately 48 hours.

The A&P workload within the No. 2 Dry Dock meant that the 
vessel’s arrival date was critical in order to minimize disruptions 
to the dock schedule. Due to the tidal restraints at Falmouth, 
the vessel was initially berthed on the County wharf, where the 
majority of the sea-fastening restraint system was removed to 
minimize the time in the No. 2 Dock where the crane was to be 
finally erected.

With Tug boat assistance, the Big Lift vessel’s entry, unloading 
and departing operations at A&P Falmouth No. 2 Dock were 
critical. Operations had to be completed within a maximum 
six-hour tidal window due to the draft of the vessel. The ship 
had to enter the dock at high tide to allow a hull clearance of 
approximately 1m to the dock gate cill.

With additional flood lighting provided, the operations were 
started at 0500hrs and were completed in approximately five 
hours, with the vessel leaving ahead of schedule and returning 
to County wharf for the discharge of the smaller and lighter 
components.

Following the crane being lifted directly on to its new rails at 
No. 2 Dock, Seward Wyon then carried out the final erection 
of the 174-tonne tail ballast and 32-tonne jib rear sliding ballast, 
with the jib being erected via a tandem lift by the two A&P 
mobile cranes. Some modifications to the crane were also carried 
out, including retrofitting new storm anchor pins to suit the new 
crane rails, installing a new wireless anemometer, supplying and 
fitting new hoist ropes, and adapting the crane’s long travel limits 
(etc.) to suit its new environment. The crane required a new 
10.5Kv power supply, which was installed via A&P Falmouth.

“This is the third major replacement crane installation Seward 
have handled for us over the last 10 years and they have all been 
good jobs hence the repeat business, something A&P Group really 
value ourselves,” said Peter Child, A&P Managing Director. “This 
Liebherr crane was a very complex project with purchase from 
Germany, logistics, HV power supply, strict time deadlines and a 
tight budget, and we are very pleased with the end result.”

Hamburg to Falmouth: relocation and 
installation of a used harbor crane  
Seward Wyon, Bath, UK

The rail-mounted harbor crane was transferred from Hamburg to Falmouth on 
the Big Lift vessel Happy Diamond.

The harbor crane was unloaded from the vessel in a tandem lift operation 
before the modification process began.

Specialist port and marine engineering company Seward Wyon was formed 

in 1981 and has been supplying first-class engineering support and services to 

ports and industry for nearly 30 years. The company employ a team of highly 

experienced engineering designers with a wealth of crane knowledge.

Seward Wyon   

The Old Tannery, Kelston, Bath BA1 9AN, UK

Tel: +44 (0) 117 932 7565 Fax: +44 (0) 117 932 7763

Email: info@sewardwyon.co.uk Web: www.sewardwyon.co.uk
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“To ensure dust-free outloading the exhaust fan creates a 
constant negative pressure in the chute. The exhaust air is 

��������������������������������	����!�����	���������������
dedusted by means of compressed air from the air receiver.”
‘Fighting dust with technology’, page 78.

DRY BULK & SPECIALIST 
CARGO HANDLING
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Ports and harbors around the world have a growing need for 
high capacity terminal equipment due to the increased 
volume of world trade, and larger container ships and barges. 
Increased competition and infrastructural improvements bring 
constant need for innovative solutions and more than ever 
it is of significant importance to base decisions on thorough 
consideration when it comes to long-term investments in 
installations and equipment. 

Cimbria Bulk Equipment has supplied 12,000 supplied loading 
chutes and is the world’s leading and biggest supplier of loading 
chutes for dust-free loading of dry bulk material. This position has 
been reached through many years of development and in-depth 
experience that has resulted in a comprehensive and first-class 
product line that meets market demands at all times. 

The Moduflex product line consists of loading chutes for 
handling all sorts of dry bulk materials and a comprehensive 
range of accessories for nearly all applications. Besides being 
an important supplier of loading chutes based on the standard 
program, the company has also managed to distinguish themselves 
by being acknowledged problem-solvers with the ability to 
design equipment for any kind of loading tasks where particular 

customer requirements are taken in account. The solutions go 
beyond designing loading chutes where the solution is obvious 
yet demanding to solving tasks where the problems challenge the 
development department to create innovative solutions. 

Supplying a loading chute with low built-in 
height
In cooperation with the German Moduflex partner Agrichema 
GmbH, Cimbria Moduflex has won an order for a loading chute 
with integrated filter for loading malt into open ship. The task was 
to supply a loading chute with the ability to fit into a relatively 
low built-in height. In co-operation with Agrichema, Cimbria 
Moduflex designed a shiploading chute with an easy mountable 
filter outlet, which makes it possible to assemble the chute outlet 
after mounting the upper part of the chute is completed. The 
easy mountable outlet is a further development of the Moduflex 
shiploader with a filter unit mounted on the chute head. 

The delivered loading chute is of the type V500FF with 
an integrated fully self-contained filter on a flatbed outlet. To 
ensure dust-free outloading the exhaust fan creates a constant 

Fighting dust with technology
Improving the work environment through dust suppression
Cimbria Bulk Equipment, Sunds, Denmark

Flexible solution for loading malt into a ship.



Cimbria Bulk Equipment A/S

Drejervej 10
DK-7451 Sunds
Denmark

Tel:  +45 72 42 24 00
Fax: +45 72 42 24 99

E-mail: cbe@cimbria.com

www.cimbria.com

· Dust free loading solutions

· Clean environment and 

working safety in one product

Chutes for loading any dry bulk 

material into tanker trucks, 

open trucks, rail wagons,

 ships and for stock piling.  

Loading chutes both with and 

without integrated fi lter.

Full ATEX-approval.
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negative pressure in the chute. The exhaust air is cleaned when 
passing through the filter. The filter itself is dedusted by means of 
compressed air from the air receiver. For optimizing the loading 
process, the ventilator capacity can be adjusted with an air regulator, 
just as the cleaning cycle can be adjusted in the control box. 

The loading chute is equipped with 22 modules. The modular 
construction ensures an easy and quick replacement in case of 
modification or repairs. The replacements can be carried out with 
a minimum of downtime as it can be done without dismantling 
the loading chute. 

To ensure dust-free outloading into ships the chute outlet is 
equipped with a heavy duty dust-skirt in order to encapsulate 
the dust arising when the product is falling onto the peak of 
the product pile during the loading process. Two capacitive 
indicators, placed in the chute outlet, signal automatically 
hoisting of the loading chute as the loading proceeds. Due to 
the nature of the product the loading chute is provided with 
explosion proof components in accordance with the ATEX 
directives. Mounting the loading chute without the outlet 
reduces the build-in height with more than 2300mm which 
enables it to fit into the installation.

High capacity loading chutes with 
integrated filter system 
For several occasions, the Norwegian company Norsk Hydro, 
a global supplier of aluminum metal and aluminum products, 
has chosen Cimbria as a supplier for various transport and bulk 
handling tasks.  

Among other things, Norsk Hydro receives and handles coke 
imported via ships at the plant in Aardal, Norway. The coke is 
extremely dusty and difficult to handle. It is transported into 
the warehouse on a belt conveyor and subsequently loaded into 
the open silos by means of a crane and a loading chute system. 
In order to control the outloading process in the open silos, 
Norsk Hydro mounted infrared indicators at both ends of the 
warehouse for indicating the pile height in the open silos, and 
subsequently for sending signals to the traverse crane to move 
on to the next silo. A large filter system was mounted on the 
traverse crane for aspirating the dust from both the traverse 
crane and the loading chute beneath the crane. However, the 
existing filter installation turned out to be insufficient, just as the 
existing loading chutes were not capable of performing the task 
to Hydro’s satisfaction. The result was that the dust emission was 
so heavy that that the infrared indicators mentioned above were 
not able to “see each other”, which made correct control of the 
crane system impossible. 

Fur thermore, Norsk Hydro has a strong focus on 
environmental issues including the working environment, 
so they were naturally particularly attentive to the heavy dust 
development as it made it almost impossible for operational 
personnel to stay in the warehouse during the loading process.  

After approaching Cimbria Bulk Equipment and attending a 
clarifying meeting, Norsk Hydro was convinced that a Cimbria 
Moduflex loading chute with integrated filter was the right 
solution. Consequently, they made the decision to scrap the 

existing filter system, rebuild the traverse crane and mount two 
V650FF Moduflex loading chutes with integrated fully self-
contained filter system mounted on the chute outlet head. 

The loading chutes load 500m³/h of coke and they have 
extended length on length by approximately 10 meters. The chutes 
are equipped with internal overlapping steel cones and a special 
outlet, which meets the client’s request for at low built-in height. 

In order to ensure a minimum of dust is emitted, the chute 
is supplied with a heavy-duty dust skirt especially designed to 
encapsulate the dust that arises from the product pile during the 
outloading process. As an additional safety measure, the chute 
outlet is supplied with an emergency stop function, which ensures 
that the loading process stops should the chute for any reason 
collide with the silo wall. In addition to this, as standard the chute 
is provided with a tight-slack wire function, relief wires and safety 
guard, all for providing safety for man and machinery. 

After being mounted, the chutes have now been working 
for approximately two years at Norsk Hydro’s full satisfaction. 
Besides handling the specific loading task, the system has solved 
the dust problem, making infrared sensors able connect with each 
other and in that way control the traverse crane. In addition, 
it is now possible for the operations personnel to stay in the 
warehouse during loading process without a being exposed to 
severe dust pollution.

Cimbria Bulk Equipment is a member of the Cimbria Group of Companies, 

an international organization with more than 800 employees in 20 countries 

throughout the world. Cimbria offers equipment and processing plant for the grain 

and seed industry and transport and conveying equipment for bulk handling.

Cimbria Bulk Equipment 

Drejervej 10, DK-7451 Sunds, Denmark 

Tel: +45 72 42 24 00

Fax: +45 72 42 24 99   

Email: cbe@cimbria.com

ABOUT THE COMPANY ENQUIRIES 

Close-up of the Moduflex loading chute head with integrated filter system.
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Changing trends: the alternative to the 
stacker/reclaimer system
Typical operations in either developing a green-field site or 
upgrading a current stockyard operation would use a stacker/
reclaimer system for all their needs in terms of stockpiling and 
reclaiming of the bulk material. There are many manufacturers 
of stacker/reclaiming systems worldwide, with varying associated 
capital costs depending on the customer’s requirements. Also, 
other substantial costs associated with this type of installation 
include civil requirements, planning permission, government 
legislation and so on, which further increases the capital 
expenditure and time frame of the project. 

The Telestack mobile systems can offer a cost-efficient 
alternative to stacker/reclaimer systems. Telestack equipment 
is designed for operators handling up to 5,000,000 tonnes per 
year with a single system, while still maintaining the required 
production capacities. 

For those upgrading their current system from an older 
stacker/reclaimer system to a new design, the robust design 
of the equipment ensures that the operator can maintain 

Stockpiling, reclaiming, truck 
unloading and link conveyors
Mobile stockyard management systems for dry bulk handling
Telestack Ltd, Omagh, Northern Ireland, UK

Figure 1. TS radial telescopic stacker stockpiling coal in stockyard at 1,500tph.

Figure 2. Tracked dolly unit complete with remote control.
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their current tonnage per annum while limiting their capital 
expenditure. For those developing new greenfield sites, the 
Telestack equipment is perfect for the initial start-up phase of 
the project. The lower capital costs and no civil requirements 
or limited planning permission are the main advantages in 
comparison to fixed stacker/reclaiming systems. The equipment 
allows the operator to begin phase one of the stockyard very 
quickly and easily, with equipment lead times as short as 12 
weeks from order. All Telestack units can be packed into 40-foot 
containers for shipping globally and fully built on site within 
one week, with limited planning permission, civil requirements, 
and so on.

Range of mobile equipment for stockpiling, 
reclaiming, truck unloading and linking for 
an efficient stockyard system 
The mobile equipment allows for a range of stockpiling 
requirements depending on the customer needs and height 
restrictions within the stockyard. The radial telescopic conveyors 
are heavy duty stockpiling conveyors up to 58 meters length (190 
feet), which allow for a maximum stockpile height of 20 meters 
and up to 200,000+ tonnes (based on 1.6t/m3 density). 

The luffing (up/down) facility of the units allows the operator 
to use the units even in areas with restricted stockpile height. Also, 
the automatic PLC stockpiling system reduces the labor required 
to operate the equipment, while reducing the degradation, 
segregation, contamination and compaction of the material. 

The robust heavy-duty design stockpiles up to 2500tph with 
the ability to handle a complete range of materials from coal or 
pet coke to iron ore, which is ideal for multi-material stockyards. 
The mobility of the units are key to ensure production rates are 
maintained when changing from one stockpile to another, as 
Telestack’s integrated tracked dolly units (see Figure 2) ensure 
a highly mobile independent unit on harsh ground conditions 
within the stockyard. As seen in Figure 3, the radial telescopic 
can be fed directly from the mobile link, reclaim and truck 
unloading conveyors to stockpile in the yard. The mobility allows 
the units to move back and around the stockyard to maximize the 
space and efficiency in the yard (see Figure 3) as required, while 
limiting downtime in the stockpiling process.  

Reclaiming: Utilizing the Telestack 
equipment for your reclaim system 
The Telestack equipment is ideally suited for either the 
stockpiling process or the reclaiming process, the multi-
functionality of the equipment limits the capital expenditure, 
while still maintaining the production capacities. 

The mobility of the units allows the changeover from stockpiling 
mode to reclaiming mode very easily. When the stockpiles are 
built, the mobile reclaim hopper is situated next to the stockpile 
with multiple link conveyors utilized to limit the haulage distance 
of the wheel loaders. These link conveyors can then feed directly 
onto the overland conveyor system. The mobile reclaim hopper and 
truck unloader can both be used to feed directly on to the overland 
conveyor system if required, (see Figure 5), which eliminates the 
double of the material. 

The mobile truck unloader can also be fed directly from trucks 
in the stockyard to feed the overland conveyor system, again to 
increase production capacities during the reclaiming process. 
The mobile reclaim hopper, truck unloaders and link conveyors 
already used in the stockpiling process give the operator the 
complete package for an efficient stockyard system. 

The customized nature of the Telestack units ensures they meet 
the needs of any application, with capacities up to 2500tph for both 
stockpiling and reclaiming. The overall benefit in the reclaiming 
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process is the limitation of haulage distance of the wheels loaders 
and trucks to reduce fuel, labor and dust and emissions. 

Emergency back-up system for your 
stacker/reclaimer 
As there are so many existing stockyards using large stacker/
reclaiming systems, the equipment can also be used as an 
emergency back up to this equipment. In the event of a failure 

or planned maintenance of the stacker/reclaimer, equipment can 
be used to maintain the production rates either stockpiling or 
reclaiming the material. This is also beneficial as the units can 
be utilized to service the small areas in the stockyard that the 
stacker/reclaimer cannot reach, the mobile Telestack equipment 
can ‘pick up’ this material and reclaim it back into the system, 
reducing the need for wheel loaders and trucks on site. 

The mobility and flexibility of the Telestack range of 
equipment offers the operator the complete package for 

Figure 3. Diagram of a stock yard management system during stockpiling.

Figure 4. Seven mobile link conveyors feeding a TS Radial Telescopic Stacker – fully tracked mobile units automatically stockpiling copper ore directly from trucks.
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stockpiling or reclaiming in the stockyard, while greatly 
reducing operating costs per tonne in comparison to a stacker/
reclaimer system. The main advantage of this equipment is the 
multiple functionality and quick installation time that it offers, 
limiting your capital equipment expenditure. This is a critical 
point, especially in the initial start-up phase of your stockyard 
management system, while still having the option to upgrade 
and incorporate multiple systems as production increases in 
the future. 

Telestack Limited specializes in the design, manufacture and installation of a 

complete range of mobile stockyard management solutions for handling dry 

bulk materials. The range of equipment takes into consideration the ‘day-to-

day’ operational capabilities of any stockyard system, consisting of stockpiling, 

reclaiming, unloading trucks and linking conveyors.

Telestack Ltd. 

Bankmore Way East, Omagh, Co. Tyrone

Northern Ireland, BT79 0NZ

Tel: +44 (0) 28 82251100 Fax: +44 (0) 28 82252211

Email: info@telestack.com

ABOUT THE COMPANY ENQUIRIES 

Figure 6. Diagram of a stock yard management system during reclaiming.

Figure 5. Mobile truck unloader reclaiming coal from wheels loaders to an overland conveyor system in a stockyard in Australia.
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“Long Beach has over 150 cameras in the port complex 
that can be monitored in the command centre. The 
integration of sonar and radar within their system 
enables them to maintain a watch above, on and below 
the water.”
‘How to protect your port’s hidden underwater perimeter’, page 89.

CUSTOMS & SECURITY
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Night has fallen over the control centre of the Port of Long 
Beach (POLB), one of two harbors servicing the metropolis 
of Los Angeles and the entire country. A container ship fully 
loaded with clothes and electronics is coming alongside. As one 
of the most important gateways for trade between the U.S. and 
Asia, last year POLB handled more than 6.2 million containers.  
All movements at the port are closely monitored from the 
operation room, both over the water’s surface and, importantly, 
under the water. 

Suddenly, a symbol appears on one of the many monitors. The 
advanced Kongsberg sonar security system has detected an object 
moving in a direct line and heading for the harbor basin. A yellow 
icon on the screen initially defines the object as unidentified.  
At the same time, powerful computers are working to interpret 
the signals reflected by the object. The operators watch closely – 
is there a foreign diver in the harbor, or is it just a harbor seal?

Security a top priority
The sonar program is the culmination of efforts that began before 
9/11 and accelerated in 2005 when Long Beach received an 
initial US$3.8 million grant from the Department of Homeland 

Security for an underwater surveillance system with both fixed 
and mobile elements. The fixed system includes sonar heads 
installed at various choke points in the port. A key aspect of the 
system is the signal processing software that allows operators to 
determine whether the sonar is detecting divers, seals, sharks or 

How to protect your port’s hidden 
underwater perimeter 
Lessons from the new multi-sensor installation at the Port of 
Long Beach
Ove Ronny Haraldsen & Steve Campbell, Kongsberg Mesotech, Port Coquitlam, BC, Canada

The Port of Long Beach, which has installed a new state-of-the-art multi-sensor 
underwater security system.

A screenshot from the Kongsberg Defender III system, showing a hostile diver target and track.
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swimmers. The result is that Long Beach now has one of the most 
advanced sonar surveillance systems in the world, and, given its 
emphasis on security, is now one of the most technologically 
advanced and secure ports in the world. 

Securing business continuity 
As the second-busiest port in the United States, it makes sense 
for Long Beach to maximize security of commerce and prevent 
interruptions. Combined with the Port of Los Angeles, the 
complex ranks as the sixth busiest in the world; officials have 
estimated the economy would lose about $1 billion a day if 
these two ports were shut down for any reason. Since the port is 
responsible for more than 1 million jobs across the country, any 
lengthy stoppage would also dramatically affect the rest of the 
nation’s economy.

Given the economic importance of this and many ports, in 
the event of a disaster it is POLB’s priority is to recover and get 
back on its feet quickly, to ensure the continuation of commerce 
through the port complex. 

“Business continuity” is a critical aspect for shippers and for the 
port. Each year, Long Beach puts about $25 million on security 
and $15 million on capital expenses toward a more secure port. 
In fact, more than 30% of non-personnel expenses are related to 
security, public safety and business continuity. During the last ten 
years since 9/11, POLB has also received about $120 million in 
federal grant money for security enhancements. 

Back in 2001, there were 35 security cameras overlooking 
a port that includes 10 piers and 80 berths. Today, security 
officials have access to about 350 cameras. Long Beach has over 
150 cameras in the port complex that can be monitored in the 
command centre, and additional agreements with tenants and the 

C-Scope Underwater Surveillance System
The general system comprises different types of sonars, both active 
and passive, sonar processing software and software for sensor 
fusion, track management and classification. Countermeasures are 
an integral part of the system giving the operator full control from 
detection to reaction.

C-Scope command and control unit
Multi Sensor Integration User Interface

Active sonars
DDS9000, 85-95 kHz
LASAR 40, 30-45 kHz
LASAR 5, 3-8 kHz

Passive sonar
PASAR – Passive Awareness Sonar, 10-2500 Hz

Conductivity, Temperature and Depth – Vertical Profiler
Automatic CTD measurements for Sonar Performance Analysis

Countermeasure
C-Guard, air gun
C’Inspector, Underwater Vehicle

The information is brought together by an Integrated Geographical 
Information System, the software and computer hardware that 
displays a common operating picture or COP to users. Information 
to the COP requires a number of computers to process data from 
different sensors including active sonar and possibly passive sonar. 

The selection choice of sonar types (active, passive) and range 
capabilities are typically constrained by the geographic boundaries 
and physical structures such as breakwaters and bathymetric 
conditions. Instruments to measure water conditions and compute 
sound velocity will aid greatly in optimizing system performance.  

Confirmation of targets may be carried out using robotic surface 
vehicles or Remotely Operated Underwater Vehicle (ROV) operating 
below the surface.

Ports are usually governed by multiple security and police agencies 
both federal and local, which will play a large role in deciding what 
agency responds and how they respond. Interdiction of intruders 
can take place in the harbour or at the land/water interface. 
Countermeasures employed will differ depending on where 
the interdiction takes place, on land or in water and the type of 
intruder, whether it is surface or subsurface. Armed response teams 
would deploy in boats or RHIBs to deal with sub-surface threats.  
These teams would use lethal or non-lethal measures against 
underwater intruders.  An ROV can be used to deliver a lethal or 
non-lethal response following target confirmation.

TYPICAL UNDERWATER SURVEILLANCE SYSTEMS

The workhorse of the Underwater Surveillance System is the DDS-9000 sonar 
with 70 systems delivered worldwide.

A typical port security control room, from which operators monitor inputs from 
radar, sonar, and CCTV cameras located around the port.
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nearby Port of Los Angeles for sharing video monitoring feeds. 
The integration of sonar and radar within their system enables 
them to maintain a watch above, on and below the water.

Deep within the command centre, there is a room in which 
port security systems operators work, where they monitor 
combined inputs from radar, sonar and cameras. Most of the 
equipment, especially radar and sonar, is able to view and identify 
what is in and around the water. It also looks for oddities – 
things that cannot be properly identified – and this is where the 
advanced software signal processing comes in. 

Processing and analyzing signals
Kongsberg was the first company in the world to provide multi-
sensor integration for underwater surveillance. An underwater 
surveillance system such as the POLB’s assesses and combines data 
from multiple sonars placed on the seabed or under the water line. 
These sonars transmit signals to powerful computers that are fed 
with complex algorithms and statistical tables. “This is where the 
data is processed, filtered and interpreted,” explains project manager 
Oddbjorn Eriksen of Kongsberg Defence Systems Norway.

“This is world-class processing of signals. The ability to classify 
an object in the water is one of Kongsberg’s major strengths, but 
also one of our most difficult processes. We have a number of 
doctors of engineering working with signal processing alone. 
They are continuously working on further developments and 
improvements to the system,” explains Mr. Eriksen who also holds 
a doctoral degree in engineering.

Another aspect is that the Port of Long Beach has a rich 
marine fauna, and this really puts the advanced sonar system 
processing technology to the test. Computer analysis of incoming 
signals is required in order to distinguish genuine threats from 
marine life. At the same time, the system aims to make sure that 
the marine life is not harmed by the sonar waves in the water. 
This involves the ability to turn down the intensity of the sonar 
wave when sea mammals are nearby. 

Other ports next
The POLB system is already making waves elsewhere. Ports 
around the world have shown a high level of interest in seeing 
Kongberg's advanced underwater surveillance system inaction. In 
all cases, the purpose is similar to that of Long Beach: to maintain 
port continuity of operations by monitoring all underwater 
activity, and then intercepting potential threats before they have 
a chance to disrupt activity at a significant port and exact a 
significant penalty to the national economy.

Kongsberg Mesotech Ltd. designs and manufactures multibeam sonar for 

underwater surveillance, principally for Diver Detection.  Systems can be placed in 

fixed or mobile installations.  Signal processing, target identification, tracking and 

classification are achieved using Kongsberg software.  Customers include the US 

Navy, US Coast Guard and other naval and security services.

Kongsberg Mesotech Ltd.

1598 Kebet Way

Port Coquitlam BC V3C 5M5

Canada

Tel: +1 (604) 468 5202

Email: km.sales.vancouver@kongsberg.com

Web: www.kongsberg.com

ABOUT THE COMPANY ENQUIRIES 

Define your objectives

    First, define your objectives, boundaries, response times and use 
of force.

 Talk to other ports

    Find out from other ports what system they have and the process 
used to select a supplier. They may have a valuable checklist to 
streamline your process. 

Research and review suppliers

   Use the Internet to conduct a review of potential suppliers.

Talk to the suppliers

    You learn more by asking the suppliers to showcase their 
products and technology.

Ask how the potential supplier overcame obstacles

    No project is without challenges. Ask other ports and the 
suppliers how challenges were overcome and what obstacles 
you can expect. You also need to let the suppliers know potential 
problems that you foresee coming up. Ask for an overview on 
how they would address those challenges. 

Training

    How do they organize your staff’s training and how responsive 
are they to your needs?

Maintenance and repairs

    How well do they stand behind repairing and maintenance 
programs for their products and services? 

   What is the supplier’s plan for upgrades?

   What is their standard for long term parts availability?

Questions to ask:

   Where are the supplier’s products used now?

   When was the supplier’s last installation completed?

    Who would be the supplier’s project manager and team members?

    What problems have you faced in previous installations and how 
did you address those?

HOW TO BUILD YOUR  
UNDERWATER SONAR SECURITY SYSTEM
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Fire can become one of the most destructive and unforgiving forces 
known to man, destroying everything in its path. With this in mind 
we try to add some perspective on the prevention, detection and 
extinguishing of fires within ports and terminals as well as vessels.

The key areas are those of education first and foremost, closely 
followed by understanding risks and threats and then the implementation 
of passive and active fire protection, as well as notification.

Understanding your surroundings, storage, operating areas 
and contents are the first steps to reducing the risks of fire. It is 
advisable to get advice from specialists who can establish the layers 
of identification before you start to design out the threat of fire.

The layers of identification can be multiple and multi faceted. 
Starting with a footprint of the facility and understanding if you 
need to protect the property, people or products first. This will 
guide you towards the first layer of prevention required.

Together with this understanding, you also need to be a little 
creative with your approach and aim to apply notification on each 
layer. Without notification, whether through visual indication or 
audible alerts, you will lose a possibly critical chance to stop a fire.

The basic layers can be applied as follows:
Facility foot print 
This should be a grid-referenced map of the land showing only 
the transportation routes and location of buildings. You will need 
to define access routes for emergency vehicles and first responders, 
locate muster stations and/or safe areas also making sure you input 
visual notification for such routes and areas.

In addition to this you can indicate where industrial firefighting 
equipment, storage tanks, fuel tanks, hazardous materials and 
emergency medical equipment are located. While doing this, 
also consider moving these items, if necessary to better locations. 
Ideally you don’t want fuel tanks, for example, next to a building 
used for industrial welding.

Building foot print
Understanding what each building is primarily used for is the 
next step. List your buildings and their contents together with the 
impact a fire could have on each. This will enable you to know 
what visual notification you need for personnel about to enter the 
building i.e. “this building contains highly flammable liquids, no 
smoking or naked flames!”  You can also install boards outside that 
are capable of being updated as the contents of the building are 
changed. This gives great information for the emergency services 
when attending a possible fire.

Also this layer will allow you to look at whether you need 
passive fire suppression or active fire detection in the building.

Similarly, when identifying a building that is mainly occupied 
by staff or the public you need to ensure that your list identifies 
the need for a fire detection system designed to your national 
and local fire regulations and in accordance with your local Fire 
Department.

Operational foot print
The next layer should consider the operational side of the 
port or terminal and the personnel/public likely to be present. 
Notification is the most important aspect at this level. This can 
create the difference between a close call and catastrophe.

For your staff – training and observation is essential. 
For the public – audible and visual notification is key. Designing 

these into your facility is essential, and looking at all possibilities 
should always lie in the hands of a specialist. Ensuring the safety 
of all is paramount and getting this wrong is unthinkable. You 
will again need to look at the design of fire detection systems, 
sprinkler systems and fire suppression systems, as well as the 
possibility of mass notification. 

Compiling your findings
After following these general steps you will start to see where 

Fire protection to ports and terminals
Neil Primrose of Cooper Fulleon on behalf of FIA UK

Preventing, detecting and extenguishing fires before they spread is key to fire prepartion. 
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Neil Primrose has over 20 years in the Fire and 

Security Industry covering specialist areas such as 

Fire, Security, Personal Protection, Project Placement 

Development and Implementation. He has worked 

on special projects in the US covering Risk and 

Threat Assessments to Ports and Harbours including 

NJPC, On working groups with the DRPA, CIOA and 

HLS, as well as the initial development group for 

TWIC. Mr Primrose has worked with specialists in 

Personal Protection and specialised in Designing Out 

Security. He is currently the Export Sales Manager for 

Cooper Fulleon covering Audio and Visual products 

for Fire and Security through to Mass Notification.

The Fire Industry Association, or FIA as it 

is commonly known, is a not-for-profit trade 
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your facility is lacking coverage, indications, protection and 
notification. At this point it is advisable to gather specialists to 
help design out the risks and look at the notification for all staff 
and public that may visit the facility. 

Depending on size and access around your facility you may 
need to look for systems, individual products, signage or complete 
notification and evacuation solutions.

Cutting through the confusion
In any emergency situation, seconds count. When many people 
are involved in the equation, communicating a desired message 
swiftly and effectively can, and does save lives. By taking an 
integrated approach to emergencies, identifying who needs to 
be made aware of the situation, and using the appropriate 
tools, the right message can be issued to the right people at the 
right time. This is no longer confined to a given site:  with the 
availability of SMS text messaging, phone based call systems and 
e-mail, notifying personnel who are off-site is readily achievable.  
In modern-day society, with the threats we face, mass notification 
solutions provide the means to cut through the confusion and 
provide event-specific voice and visual messages, which can help 
control the chaos that is one of the major contributors to the 
consequential losses caused by a major incident. 

First – Mass Notification Systems 

Outdoor (Giant Voice) Warning Systems

Indoor Building Notification Systems 

Portable Alerting Systems

Audible and Visual Notification Devices

Second – Personal and Regional Alerting Systems

Desktop Alerts

Email Notification

Text messaging/SMS Alerting

Automated Dialing Systems

Mass notification ensures safety of port operations, compliance 
with laws and regulations within the boundaries of the ports, and 
coordinates security and fire prevention activities.

With integration of your plan layers and prevention ideas, you 
will be in a very strong position to continually marshal your 
facility away from a major incident with the knowledge that 
whatever may happen, you can reach all of the people all of the 
time and have first responders on hand and notified of where 
the fire is, what is on fire and that all people are informed and 
directed to safe areas.

By taking an integrated approach to emergencies, identifying who needs to 
be made aware of the situation, and using the appropriate tools, the right 
message can be issued to the right people at the right time.

A large scale fire at a port would have serious implications to local or even 
national infrastructure. Preparation is key.



“Environmental pollution legislation is the driver behind 
the requirement to install vapor recovery systems, in 
terms of providing cleaner local environmental emission 
controls and safer working environments for the terminals 
and vessels being loaded.”
‘Safe vapor handling during loading of volatile organic compounds’, page 96.
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Vapor recovery for the loading of volatile organic compounds 
(VOCs) in the maritime loading arena is a growing development, 
having been a requirement in the US and Norway for many 
years and is now becoming commonplace throughout Europe 
and other countries throughout the world. There are particular 
developments now in the Far East and Middle East.

Environmental pollution legislation is the driver behind 
the requirement to install vapor recovery systems, in terms of 
providing cleaner local environmental emission controls and 
safer working environments for the terminals and vessels being 
loaded. There are of course economic benefits from the recovery 
of a highly valuable product that cannot be ignored from any 
operating analysis of the installation of a vapor recovery unit.

One aspect often over looked during the initial planning 
of such projects, is however, the handling of the vapor stream 
between the vessel and the vapor recovery system. During the 
loading of a vessel, whether the vessel is a barge or ship, vapors 
are displaced from the holds and either, as in the past, vented, or 
as is becoming more common, routed through a vapor manifold 
ashore to a nearby vapor recovery system. There are in some 
instances, vapor recovery units mounted aboard the vessel. These 
have particular requirements for recovery of vapors during, for 
example the loading of shuttle tankers at sea.

Safe vapor handling during loading of 
volatile organic compounds
Practical vapor control measures for the handler
Simon Shipley, Aker Solutions (Vapor Recovery Business – Cool Sorption), Glostrup, Denmark

Gasoline vapor recovery unit.

Figure 1. Typical flow and HC concentration profile during ship loading operation.
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In handling volatile vapors the risk of a flammable incident 
is ever present. The safe design of the vapor handling system is 
critical issue not to be overlooked.

The displaced vapors will typically comprise of the VOCs 
in either an inerted atmosphere (nitrogen or engine exhaust 
gases), or in some cases air. Atmospheres in the holds can be 
very stratified, the layers directly above the product being 
loaded, having relatively high concentrations, this concentration 
reducing up through the hold. The result is that during the 
loading operation relatively low (lean) VOC concentrations flow 
from the vessel which, gradually increase as the liquid levels 
rise. The maximum concentrations, however, commonly occur 
as the product flows are reduced during the topping off of the 
vessel. Figure 1 provides an indicative picture of how the VOC 
concentrations may rise throughout a loading operation. Other 
significant factors affecting the vapor concentrations are the 
properties of the products being loaded.

During the loading of a VOC there is a natural degree of 
disturbance in the vessel. The effect of this is vapor growth. 
Simply put, the resulting flow from the loading operation 
exceeds the actual product loading rate. The difference between 
the vapor flow rate and the product fill rate is referred to as the 
growth rate. Other factors affecting the growth rates would be 
the temperature of the product and indeed, although to a lesser 
extent, the temperature of the vessel’s holds.

Both vapor concentration and growth rates are important 
factors to understand when designing a vapor collection system. 

Coast Guard regulations
Standards commonly referred to in respect to marine vapor 
recovery applications are the United States Coast Guard 
(USCG) regulations (33 CFR 154 Subpart E). The USCG 
issued the regulations with the primary intent of covering the 
safe installation and operation of vapor recovery applications for 
ship-loading applications. The regulations are quite prescriptive, 
although this should not relinquish the system designer from 
considering all aspects of the design in order to ensure a safe 
approach to handling the vapors is ultimately installed. 

Although these regulations are not a legal requirement outside 
of the USA, they are to date the only set of guidelines governing 
these types of installations, and have over time been very well 
proven. A system designer would be well advised to consider 
at least a review of the regulations. To be fully compliant with 
the USCG regulations, such an installation would normally be 
certificated by the USCG through an appropriate certifying body.

There is a need however, to handle the vapors safely and in 
particular in moving the vapors from the vessel to the vapor 
recovery system. Issues that need to be considered are the volatility 
of the product being handled – that is, could the VOC vapor 
mixture fall within its flammable limits and adequately-sized vapor 
piping to ensure pressure losses in the vapor collection system to 
result in over- or under-pressuring the vessel, which could result 
in vapors being vented or air being drawn into the system?

General considerations that must be considered should include:

  Vapor flow/pressure loss, to ensure that the system is 
adequately sized to ensure the vapors can freely flow to the 
vapor recovery unit.

Over- and under-pressure protection of the system. 

 Flammability of the vapor stream and the protection within 
the system against risks arising from the flammability levels.

  Vapor dilution/enrichment.

It should be emphasized that the above may not be exhaustive 
in respect to any particular system. It would be common to 
cover all of the above aspects as part of a Hazard and Operability 
(HAZOP) study of any system. 

Vapor flow and pressure loss
The vapor collection system should always be adequately sized 
to allow the vapor to flow freely from the vessel to the vapor 
recovery system. Considerations would include the product filing 
rate and the vapor growth rates. The USCG typically requires 
that a vapor growth rate of 25% be considered. That is, the vapor 
flow should be designed for flows of 125% of the product loading 
rate. Actual growth rates always depend on the product loaded 
and also the pattern of loading the vessel. Typical growth rates 
would generally lie in the range 10% to 25%, although in some 
extreme cases up to 80% has been measured. To be sure that 
adequate capacity is available, it is essential to ensure that system 
is professionally evaluated. Aker Solutions have a considerable level 
of experience in simulating vapor growth rates and the subsequent 
VOC vapor concentrations from particular applications.

In many installations the location of the vapor recovery 
system is such that the likely pressure losses in the piping system 
at the design vapor flows would result in excessively high back 
pressures, with a subsequent release of vapors through the vent 
valves aboard the vessel. Such situations are generally overcome 
through the installation of a vapor blower unit. Typically these 
comprise of specifically designed and appropriately certified radial 
or centrifugal fans and are able to provide differential pressures of 
up to 150mbar. This is usually more than adequate to move the 
vapors when including the available static head in the vessel, (i.e. 
the maximum working pressure available at the vessel), to assist in 
the displacement of the vapors.

Protego Detonation Arrester. (Photo courtesy of Protego)

World’s largest VRU for crude oil vapors, with capacity of 36,000m3/hr.
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The vapor blowers are usually var iable speed-driven to 
account for varying flows that can be expected in the system. 
The blowers installed are commonly rated suitable for Zone 0 
conditions to accommodate the likely scenario of a VOC air 
mixture entering the system. In circumstances where the vapors 
can always be guaranteed to be inerted, a Zone 1-rated blower 
may be an applicable device. Typically the blower would include a 
deflagration arrester in the suction and discharge.

The installation of a bi-directional detonation arrester in 
the vapor header generally close to the vessel is considered the 
norm, whether in an inerted or non-inerted system. The arrester 
installed should be appropriately selected for the gas group of the 
products being handled. It should be the norm also that an in-line 
filter be included in the system upstream of the arrester, providing 
protection to the detonation arrestor against plugging from 
particulate matter, a likely occurrence in vessel loading operations.

Over-/under-pressure protection
Over-/under-pressure protection is usually provided in terms 
of active and passive safety protection measures, in the form of 
pressure/vacuum safety valves, and high and low pressure switches 
incorporated into a safety shutdown system. 

Pressure/vacuum safety valve (PVSV)
The PVSV provides a means of protecting the system (ship or barge/
vapor line/VRU) from being over-pressured or under-pressured 
during loading operations. Should the pressure in the system exceed 
the maximum setting of the valve or fall below the minimum setting 
of the valve, the valve will open to relieve the over/under pressure 
and thereby protect the components of the system.

High-pressure switches initiate a shutdown of var ious 
operations through the control system, in the event of excessively 
high pressure in the vapor line. This protects the system from a 
potential vapor release or damage caused by excessive pressures, 
the set point pressures being at a level below that of the PVSV.

The precise nature of the shut-down operations resulting 
from a high-pressure trip must be clarified with the operators 
of the terminal during the detailed design phase. However, it 
would normally be expected that the following actions to be 
initiated in the case of a high pressure trip: shut-down of VRU, 
discontinuation of loading operation, isolation of vapor line.

Low-pressure switches provide protection to the system in the 
event of an excessively low pressure, in a similar manner to the 
high-pressure case mentioned above. In case of a low-pressure 
trip, the same or similar actions would be expected as for a high-
pressure trip.

Some form of SIL rating of the shutdown system would 
normally be considered in such applications. An appropriate SIL 
level is assigned through a safety/risk analysis of the overall system.

The r isk of explosion is probably the most significant 
identifiable safety risk that might arise during the loading 
operation, eliminating the likely causes of such an event is 
therefore a primary consideration. 

Enrichment and dilution
Enrichment and dilution of the vapor stream is one alternative 
means available in removing one aspect of the risk. Enrichment 
and dilution refer to the process of either lowering or increasing 
the VOC concentration in the vapor stream below or above the 
flammable range of the vapor. In the discussion so far we have 
referred significantly to vapor recovery and in such system, unless 
a significant flammability risk is identified, dilution or enrichment 
would not usually be considered necessary, with adequate 
protection being provided through the installation of detonation 
arresters, with adequate system bonding and the correct selection 
of appropriate equipment. Enrichment or dilution may however 
most likely form a requirement in a vapor combustion system.
Enrichment involves the addition of a flammable gas – natural 
gas, for example – in order to raise the VOC concentration above 
the flammable range of vapor. This is potentially a costly process 
as significant volumes of enrichment gas may be required and 
may not be recoverable.
Dilution is the reverse approach, pushing the concentrations out 
of the vapor flammable limits, through the addition of air or an 
inert gas, in effect lowering the VOC concentration in the stream. 
The result of this approach is often to increase the overall physical 
size of the system as a result of the usual requirement to add large 
volumes of the dilution gas to the flow.

Vapor control measures dur ing the loading of vessels are 
increasingly common phenomena. The implications to the safe 
handling of the vapors need careful consideration and should not 
be overlooked. The requirements of the system can be extensive 
requiring considerable attention of an experienced engineering team.

Ship loading with vapor return.

Simon Shipley has been Sales and Business Development Manager with Aker 

Solutions (Vapor Recovery Business – Cool Sorption) since 2005. A Chemical 

Engineer, Simon has been directly involved in the vapor recovery business since 

1985, in project management, design and sales roles.

Aker Solutions’ vapor recovery business, operating from Denmark, is amongst 

the world’s leading manufacturers of state-of-the-art vapor recovery systems, 

used to treat and recover these hazardous emissions. The company provides 

installations for VOC systems at on-shore marine and off-shore operations, 

including ULCC, VLCC, FSO, Shuttle tankers and large onshore marine terminals, 

in addition to land based distribution terminals.

Aker Cool Sorption A/S

Smedeland 6

DK-2600 Glostrup

Denmark

Tel: +45 43 45 47 45

Web: www.akersolutions.com/VOC

ABOUT THE AUTHOR AND COMPANY ENQUIRIES 



   

Advertisers Index
 Advertiser                            Page No

ABB Crane Systems IFC

Arck Sensor   70

Arthur Loibl GmbH 83

BRUKS Group 85

Cimbria Bulk Equipment As 79

Franz Wölfer Elektromaschinenfabrik GmbH  70

Fujinon Europe GmbH 91

Gottwald Port Technology 67

HITT - Klein Systems 49

J W Fishers Inc 29

Koseq BV 23

Liebherr-Werk Nenzing 57

PEBCO Inc 85

Port Finance Expo - Middle East 31   

RIMA 75

Terex Fuchs 81

TMEIC 61

TOC Asia Conference 87

Transas Marine IBC

Van Oord OBC

Navis 63

Zeeland Seaports 13

PO RT TE C H N O L O G Y IN T E R N AT I O N A L   99



100   PORT TECHNOLOGY INTERNATIONAL www.porttechnology.org

THE LAST WORD

“If you look at India, general ly ports 
are all operated by the Government, the 
respective State Government, the South 
Union Government, but ours is a private 
port where every single policy is based 
on the customer’s requirement. So we tell 
them, you take care of your business and 
we take care of your logistics, so like that 
we are customer-driven in every single 
policy we make in the port.

“We started our operations in the year 
2008. At that time we had three berths, 
each 300 metres long, that means 900 meters quay length area, 
and then we started with bulk operations. Then now we are 
moving on to containers; we have built two berths exclusively 
for container operations, which are 650 meters long – that 
means two vessels can come, with a draft of up to 13.5 meters. 
As far as bulk is concerned, I’m handling capes [capesize bulk 
vessels], that is 160,000 tons of vessel, so in terms of container 
vessels, I can handle mother vessels of 4,000 and 5,000 TEUs.

“For the moment, we are handling only bulk and breakbulk. 
For exports, we are exporting iron ore, granite, barite (barium 
sulphate), rice, maize. Imports are all forms of coal, all forms of 
fertilisers, edible oil – crude palm oil, soya, all forms of edible 
oil. Breakbulk, right now, is only granite, and we may start 
scrap any time. 

“All the operations in the port are controlled and managed by 
the port. For example, if you go to any port in India, you are 
dealing to eight to ten agencies for different parts of the work. 
In our port, we are the single face. 

“In order to give better connectivity to the port, we have 
formed a joint venture company with Indian railways. Our 
own rail company is there, so we have laid railway lines right 
up to the berth inside the port, and that is a dedicated railway 
line connected to the national rail network. Inside the port 
there are different sidings, more than 13 sidings are there for 
each commodity. One siding has exclusively been given for 
container operations, we can handle f ive to six trains a day. 
Then if there is a need to more sidings we can add them, the 
reason being that all of the infrastructure construction is done 
by our sister company, Navayuga Engineering Company. I 

tel l them that I need this railway line, 
my customer requires this, so they put 
that infrastructure in place in no time, 
so with their support we ramp up our 
infrastructure very quickly. 

“There are a couple of things which we 
do that no other ports may do. We give 
an assurance to our customers: Look, we 
will give honour to the berthing of the 
ship. Even though we have been doing 
that, suppose for any reason we could not 
give berth within the stipulated time, we 

take that hit for demurrage. That puts pressure on us so we 
actually see the build-up of cargo and vessel moment, and 
quickly ramp up our infrastructure. Right now we have 10 
berths, we are adding four more berths to go up to 14, and 
like that we continuously ramp up the berth infrastructure. 
Today we can handle around 60–70 million tons so there is 
always infrastructure which is waiting for the vessels to come. 
We don’t want ships to wait; we want the infrastructure to 
wait for the ships. 

 “Our group is putting up one port in Orrissa, two more 
ports in Andhra Pradesh, and an addit ional port under 
Krishnapatnam port, which will be a satellite port. We want to 
give that f lexibility.

 “We have introduced a lot of IT solutions, and we have GPS 
systems which monitor all the trucks in the port. We also use 
RFID, maybe one of its kind in the Indian ports scenario, where 
RFID is used for bulk moment also. We have Liebherr 600 
cranes with the latest software – we have eight such Liebherr 
cranes, two Gottwald cranes. 

“It’s teamwork – right from the Chairman, my MD, me, 
and a whole lot of guys out there working very hard. We work 
24/7/365. In the last four years we have not lost a single hour 
of productivity. Teams may change, but the port never stops 
– that’s the spirit. In terms of operations, we have unloaded 
100,000 tons from one ship in a single day. That’s probably the 
best benchmark in the world – to be precise, it is 106,000 tons. 
That’s because of teamwork – right from my drivers, my boys 
who supply tea, my operators, crane operators, everybody, and 
that’s the spirit with which we work.” 

“
”

www.porttechnology.org/krishnapatnam 

Anil Yendluri, CEO of Krishnapatnam Port, tells PTI how he’s 
changing up the Indian ports paradigm

to wait for the
infrastructure

ships

We want the 






