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Introduction
 

Shipping supports an estimated 90 percent of world trade, and while 
many economies are currently facing an uncertain future, seaborne trade, 
the upgrading of port infrastructure and the construction of new port 
and terminal developments must, and does, continue.

So far this year there has been considerable progress in securing the 
funds needed for maintenance dredging at ports on the East and 
Gulf Coast of the US to accommodate the larger ocean carriers that 
will transit the expanded Panama Canal from 2014. Meanwhile, 
signifi cant steps have been made in boosting Europe’s capacity with 
the construction of Maasvlakte II, Rotterdam’s new fully-automated 
container terminal, and DP World London Gateway well underway. 
There has also been a fl urry of activity in the Middle East, where ADPC 
has opened its new fl agship facility Khalifa Port, and Qatar has started 
construction works on its US$7 billion New Doha Port project.

The importance of upgrading port infrastructure and its relationship 
with economic opportunity and growth can be seen in this year’s Global 
Competitiveness Report, which includes the latest rankings of the quality 
of port infrastructure for individual countries. In our fi nal edition of 
the year, Peter de Langen, Theo Notteboom and Thanos Pallis from the 
PortEconomics group provide a valuable breakdown of the key points of 
discussion arising from the report. (page 9)

With air pollution and regulations forcing the whole maritime industry 
to search for greener technologies, our fi fty-sixth issue pays a particular 
focus to the growing number of global ports installing onshore power 
supplies. Asa Wilske, sustainability manager at the Port of Gothenburg, 
informs PTI as to how the port, one of the fi rst in the world to offer 
onshore power supply to commercial vessels, has helped to pioneer the 
technology over the past decade (page 21), while Schneider Electric (page 
24) discuss the best practices for its implementation.

A topic that has been much discussed this year within the container 
handling industry is the issue of container weight verifi cation, with both 
the International Association of Ports and Harbours (IAPH) and the 
International Shipping Organization calling for a near 100 percent weight 
verifi cation as an industry standard. However, with the general consensus 
agreeing with the notion, the question that remains is not should container 
weight verifi cation be used, but how? Bromma, the Swedish-based crane 
spreader manufacturer, believe that they have the answer. (page 36)

I would also like to take this opportunity to introduce our new daily 
news service – a round-up of the latest industry news and developments 
sent direct to your inbox. To register visit our website, which of course 
still features our quality news content, our journal archive, featuring 
articles form all of our previous editions and our supplier’s directory. 

This edition also features the chance for you to get your hands on 
a brand new IPAD mini. All you have to do to be in a chance of 
winning this fabulous prize is take part in our reader survey. (www.
porttechnology.org/survey) If you have still yet to subscribe to our journal 
visit our website and simply complete and return the form by either fax 
or post, or you can even drop us an email at info@porttechnology.org.

Finally, on behalf of everyone at Port Technology International I would 
once again like to thank all of our authors, partners and associated 
organisations for your continued support - we sincerely hope you enjoy 
reading our latest edition.

Linton Nightingale
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“The maritime world seeks a shorter maritime 
passage between Western Europe and Eastern Asia. 
A trans-Arctic barge canal is one possible option.”
‘Prospects for navigable canals across the Canadian Arctic’, page 12.

Global Issues



There is something about rankings. In sports, and increasingly in 
business, rankings abound. We have rankings of the best places 
to live, the most knowledge intensive regions of the world and 
the most competitive economies. In the latter case, countries are 
compared across economic performance criteria. One of the most 
influential is the Global Competitiveness Index (GCI) of the 
World Economic Forum (WEF). The 2012-2013 WEF ranking 
appeared last September. Switzerland is on top, moving ahead of 
Singapore. The WEF ranking consists of over 100 ranked items, 
classified in 12 pillars. For each pillar, some rankings are survey 
based, while others are based on actual data. 

Through the provision of cost-efficient, reliable and frequent 
connections to overseas and inland markets seaports play 
an essential role in facilitating trade and in increasing the 
competitiveness of a nation or region. It is no surprise that Pillar 
2 of the GCI  dealing with  infrastructure includes a component 
on the ‘Quality of Port Infrastructure’. This component is based 
on survey results where business leaders assess the competitiveness 
of economies. Like most other rankings in business, the ranking 
methodology is not perfect. For one, the ranking is based on 
perceptions of business leaders, which may not always be accurate. 
In academia, scholars are well aware that ‘stated preferences’ (based 
on perceptions and ‘what if ’ situations) and ‘revealed preferences’ 
(based on actual economic behaviour) do not always point to 
the same direction. Next, the business leaders rank a variety of 
indicators, so they rank the quality of port infrastructure probably 
more in relation to other variables, as compared to other countries. 
Third, cultural differences are likely to affect results. In some 
cultures more outspoken and straightforward scores are given, 
while respondents in other cultures are less inclined to score really 
high or low. This is relevant as the highest-ranking countries, The 
Netherlands and Singapore, score a 6.8 on a maximum of 7.   

These disclaimers apply, but still, most industry observers would 
not be too surprised to find these two countries at the top of 
the rankings. Moving from a 4.5 to a 4.6 may not be a reason 
to uncork the bottles, but the big picture is probably correct. 
Therefore, we think it is worth discussing some important findings 
from these rankings.

Huge differences between the BRIC countries
First of all, the BRIC countries, whose economic performance 
is crucial for global economic growth, overall do not score high, 
with substantial differences between them. Brazil ranks 127th of 
141, with a score of just 2.7. Furthermore, the country’s score has 
gone down in the last decade. This is a huge issue as Brazil has a 
vast potential for increased exports as well as imports. Important 
improvements in the port sector are required to enable this, 
both at the level of infrastructure provision, port operations and 
unfolding port governance reform processes. 

Russia is somewhat better off with a score of 3.7, India even 
a bit better (4.0), whereas China scores a 4.4. Especially this last 
result is intriguing: even though China has the largest ports in the 
world and advances substantial investments in port infrastructure, 
its ranking is average. This may hint at institutional and procedural 

bottlenecks. 
Overall, these results suggest a huge unlocked potential for 

international trade. This applies to the BRIC, but also to the ‘next 
eleven’ - Bangladesh, Egypt, Indonesia, Iran, Mexico, Nigeria, 
Pakistan, Philippines, Turkey, South Korea and Vietnam - that were 
identified by Goldman Sachs as large countries with huge growth 
potential.   

The performance of the only fully private 
port sector (the UK) is improving
Next, it is interesting to look at the performance of the UK, the 
only country with a fully private port industry. The UK scores 
a 5.8, good enough to reach the 13th position. In the last five 
years, the UK’s score has gone up year by year. So even though 
some observers have voiced concerns over the lack of public 
control over a vital sector, this WEF ranking suggests the UK 
ports industry is performing well without  the public funding that 
goes into the industry in many other countries. 

France’s port reform has not (yet) had  
an effect
It may be too early to expect results, but France’s score, after the 
port reform that was finalised in 2011, suggests that the effects 
are still to come. After scores around 6 in the period 2004-2010, 
France is now down to 5.4. This may be due to the labour unrest 
(in 2010 and 2011) that negatively impacted the image of French 
ports (in particular Marseille). It will be interesting to see how 
business leaders rank France’s port system in the coming years. 
Indeed, there seems to be a considerable time lag between a 
port reform process and an improved score in the WEF ranking: 
Ireland pursued port reform in the late 1990s but only started to 
score better since 2007. 

Germany seems to slide down
Germany may be a case in point to suggest that a high quality 
port infrastructure needs to be nurtured. Germany ranked 4th 
in 2007, with a score of 6.6, but has since been sliding down 
to 6.0, and the 10th place. The score is certainly still good, but 
does seem to suggest that the quality of the port infrastructure 
is less considered as of global benchmark quality . Perhaps the 
investments in Wilhemshafen and the associated port competition 
dynamics will turn this trend around. 

Some island economies have potential  
to improve   
Even the landlocked countries receive a score that may be 
related to intermodal infrastructure, as well as the quality of ports 
in neighbouring countries. Switzerland is the highest ranking 
landlocked country (5.2), landlocked Kyrgyzstan has the lowest 
score of all countries (1.5). Ports are certainly also important for 
these countries, but especially important for island economies. 

The Quality of Port Infrastructure 
ranking: Some insights
Peter de Langen, Eindhoven University of Technology, Eindhoven, The Netherlands, Theo Notteboom, University of Antwerp, Antwerp, Belgium, 
Thanos Pallis, University of the Aegean, Chios, Greece
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Most countries actually trade more overland than by sea. For 
instance, the US trades more (in value terms) overland with 
Mexico and Canada than overseas. Island countries are fully 
dependent on efficient and effective ports for trade – in volume, 
airfreight is only a fraction of maritime trade. In that perspective, 
one would have expected that more islands would obtain a higher 
position in the rankings. Iceland is the first (6.2), followed by 
the UK. But even somewhat below the OECD average we find 
large islands or island groups such as New Zealand (5.5.), Japan 
(5.2) and Australia (5.1). These scores perhaps should be a reason 
for rethinking regulations and public policies regarding seaports. 
Hence, island nations typically encounter a range of challenges 
in dealing with their respective and often elaborate port systems, 
such as the lack of competition due to the existence of captive 
hinterlands for local ports and the pros and cons of introducing 
one or more hub ports serving the entire port system. 

The state and overall ranking of port infrastructure indicates 
the extent that the port system of any given country stands as a 
facilitator for international trade and an enabler for seaborne trade 
accommodation. Even though it is understandable that WEF only 
devotes one item to ports, there is more to say about ports than 
their quality of infrastructure. More detailed port user satisfaction 
can certainly provide additional insights. A more complete 
full picture will be accessible when the WEF ranking will be 
accompanied by the measurement of how users evaluate the port 
services, in particular those attributes that are most important to 
them. Efforts are underway to develop more comprehensive port 
user satisfaction surveys, but none have yet reached the global scale. 
More detailed rankings certainly have merits. They allow decision-
makers—whether governments, port authorities, or service 
providers—and ports to fine tune operations to match customers’ 
expectations. They also enhance competition by allocating resources 
to where they will have the greatest impact. 

All in all, there is enough in this Quality of Port Infrastructure 
indicator to make it relevant. So for those that can handle another 
ranking: mark your agendas for next year. The next edition of the 
Global Competitiveness Report will be out in September 2013.   
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Climate and Arctic shipping

Two conflicting theories offer to explain recent changes in 
weather patterns. Both theories allow for the emergence of a 
navigable commercial shipping route across the Arctic. Ships 
have successfully sailed through the Canadian Arctic passage that 
has now become navigable for a few weeks during the summer. 
The carbon dioxide theory of global warming suggests that the 
shipping route would remain navigable for longer periods of the 
year in future. The solar-cycle theory of global warming suggests 
that the sun releases thermal energy cyclically, in alternating 
periods of slightly more heat and slightly less heat. Proponents 
of this theory suggest the peak of sun’s warmer period occurred 
some 2 to 10 years ago, with the North Atlantic drift having 
pushed heat from that period northward into storage under the 
Arctic ice, from where it melts Arctic ice. 

While a trans-Arctic ocean route is presently navigable for a few 
weeks per year, Canada’s geography offers two possible trans-Arctic 
canal options that may extend the trans-Arctic shipping navigable 
season from a few weeks per year to several months per year. The 
canal option is compatible with both theories of climate change as 
it could extend the operating season of trans-Arctic navigation. 

Prospective trans-Arctic canals
During the northern summer, Canada’s Northern Transportation 
Company regularly sails the Beaufort Sea and through Simpson 
Strait to the outpost of Gjoa Haven at 96 degrees west and 67 
degrees north. They also sail on Hudson Bay into Chesterfield 
Inlet and to the outpost of Baker Lake at 96 degrees west and 64 
degrees north, located some 480 kilometres or 30 miles south of 
Gjoa Haven. Chantrey Inlet extends south to a point some 300 
kilometres or 200 miles from Baker Lake. It appears possible to 
develop a navigable canal through the low lying area, lakes and 
riverbeds located between Baker Lake and the southern end of 
Chantrey Inlet or directly into the southeast corner of Queen 
Maud Gulf. 

 The Mackenzie River is navigable between the Beaufort Sea 
to Great Slave Lake, with prospects to extend the barge-navigable 
channel south along the Slave River into Northern Alberta and 
Lake Athabasca. It appears possible to extend a navigable canal 

eastward through Black Lake and into Wollaston Lake, with 
potential to develop a canal across into Reindeer Lake that empties 
into the Churchill River that then flows into Hudson Bay at the 
Port of Churchill. This route passes through several mining regions 
and could serve their export needs, while also providing an east-
west maritime passage across Canada.

Ship technology
A canal built between Baker Lake and Chantrey Inlet could 
provide passage for shallow draft coupled barge trains that may 
be carried aboard larger ocean ships. Semi-submersible ships may 
carry such barges and/or hover-barges between Asian ports and a 
port on Chantrey Inlet, also between the port of Baker Lake and 
European ports. At port, the ships would moor in special locks and 
partially submerge to the lock floor, to allow barge trains and/or 
hover-barges to float onboard and off-ship. The carrier ship may be 
a diesel-electric oceanic ferry with engines located near the bow 
and feature stern-mounted doors.

Alternatively, a semi-submersible oceanic ferry barge with stern 
doors may be propelled and steered by a stern-coupled tug. A 
recent innovation called ‘Seasnake’ involves a scale model prototype 
of an oceanic train of coupled barges propelled by the combination 
of a coupled tractor and stern tug. An extreme extended length 
Seasnake ship could carry barge trains or hover-barges between 
Canadian Arctic ports and ports in Asia and Europe. 

Overland link
Venture capitalists may be reluctant to invest in a trans-Arctic 
canal due to uncertainty regarding future weather patterns, while 
the tundra and muskeg terrain between Chantrey Inlet or Queen 
Maud Gulf and Baker Lake is unable to support the weight of 
railway lines or roads for heavy trucks. An air cushion technology 
from Hovertrans Solutions of Singapore involves a concept 
hover-barge designed to carry up to 2,500 tonnes payload 
over muskeg and tundra terrain. Hover-barges may serve as the 
trans-Arctic intermodal link carrying bulk cargo and containers 
between ships that connect at Chantrey Inlet or Queen Maud 
Gulf and Baker Lake.

Prospects for navigable canals across 
the Canadian Arctic 
Harry Valentine, Transportation Research Engineer, Cornwall, Canada

Port of Churchill, Manitoba Scale model of a Hoverbarge 
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Navigation locks
A trans-Arctic canal would include the water saving side reservoir 
system used on the European barge canal system and on the 
larger Panama Canal. To further ensure navigation in the northern 
climate, canal locks would include water pumps and water heaters. 
Natural gas and/or micro-nuclear power may provide the energy to 
operate the pumps and heaters, technology that could allow a canal 
built between Chantrey Inlet and Baker Lake to provide passage 
to larger and deeper draft ships. Barge trains would alternatively 
sail via the Mackenzie and Churchill Rivers, between the ports of 
Tuktoyaktuk and Churchill.

Bulk/container ports
With a draft comparable to the Port of Montreal, the Port of 
Churchill on Hudson Bay processes bulk dry cargo and can be 
expanded to include barge-ship transfer of containers. The possible 
existence of extensive natural gas and an oil field near the Port of 
Tuktoyaktuk on the Beaufort Sea has prompted Canadian officials to 
consider upgrading that port for deep-sea service. Such an upgrade 
could include ship-barge transfer of bulk cargo and containers. 

Trans-Arctic shipping that results from either a navigable canal 
or melting polar ice could increase traffic at the Port of Churchill, 
especially if a barge canal were to connect to Lake Winnipeg. It 
would require expansion, as it becomes a gateway into the north-
central USA. Ships may sail into James Bay and to the Port of 
Moosonee that would require expansion and the railway line to 
Toronto would need upgraded. It may be possible to develop a 
barge canal between James Bay and Lake Superior.

Remote port operations
Modern telecommunications technology would allow for remote 
control of the Arctic cranes, with crane operators working from 
‘play stations’ located elsewhere in Canada. Barges and ships would 
moor in parallel locks, with cranes straddling over both vessels 
and supported vertically on either side of the vessels. Future crane 
designs could carry multiple containers in each transfer, reducing 
ship time at port. Computer assisted crane operation would raise 
productivity further.  

Economic viability
The viability of a trans-Arctic canal depends on carrying massive 
tonnage from early May to late September or early October. 
By comparison, the St Lawrence Seaway upstream of Montreal 
operates from late March to late December and faces competition 
from railway lines that connect the ports of Montreal, Halifax, 
Boston, Newark, New Orleans and New York City to major ports 
around the Great Lakes. The Mississippi Barge Canal connects the 

Port of New Orleans to Chicago where an interconnecting canal 
provides access to Lake Michigan and several Great Lakes ports.

 The Canadian muskeg and tundra cannot support the weight of 
high-tonnage railway lines, leaving trans-Arctic inland canals free 
from competition and enhancing prospects for seasonal viability. 
That prospect could invite private venture capitalists to finance the 
shorter canal route to attract international traffic. Depending on the 
amount of tonnage that a southern canal could carry, a consortium 
of mining companies, food distribution companies and venture 
capitalists could develop the viable sections of that route.

Political considerations
The Federal Government of Canada oversees some environmental 
matters and recently revised the environmental review process, 
reducing its duration from 36 to 12 months. There are precedents 
of rivers having been diverted in Quebec and in Ontario to build 
new hydroelectric power dams. These precedents combined with 
the new environmental review process enhance prospects of 
obtaining a favourable ruling to an application to build a navigable 
waterway through a very sparsely populated region.

Conclusions
The maritime world seeks a shorter maritime passage between 
Western Europe and Eastern Asia. A trans-Arctic barge canal is one 
possible option. While such a canal may only operate for 5 to 6 
months of the year, it could attract enough traffic to be viable. The 
ports of Churchill and Baker Lake operate seasonally and serve 
the mining and agricultural sectors, while an expanded port at 
Tuktoyaktuk would serve the energy industry. The shorter trans-
Arctic canal would serve international shipping. The longer canal 
route would serve international shipping and connect Canada’s 
mining, resources and agricultural sectors to international markets.
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Introduction
It is notoriously difficult to establish accurately the number of 
accidents that take place in ports around the world. Trade unions, 
which by definition prioritize the health and safety of workers 
above port profit, often find it difficult to pin down the exact 
extent of accidents. This is because in some instances there is a 
disparity between employer health and safety records and the 
first-hand accounts of workers on the ground. In a recent case, an 
employer was given an award for high health and safety standards, 
while reports from a group of workers accused the company of 
allowing them to work without appropriate safety equipment. 
Vastly differing health and safety requirements in different 
countries also add to this difficulty for a global union federation 
like the ITF. 

While accident numbers may be hard to pin point, what 
is clear is that the single most impacting factor on health 
and safety in ports is the employment of workers through 
contractors. Though employers may stick to stringent accident 
prevention measures when it comes to their own employees, 
in many cases the contractors who they farm work out to, are 
not held to the same standards. This type of casualization is 
becoming more and more commonplace in ports as employers 
strive to maximize profit margins by doing away with unionized 
workforces in a position to negotiate over pay and conditions. 
Unions worldwide are dealing with a ‘race to the bottom’ 
mentality, which can see health and safety standards slip below 
the acceptable.

The importance of safe systems
The ITF strongly believes that good safety representatives on the 
ground and safe systems of work are the way to minimize the 
risk of workplace accidents in ports. Large scale contracting out 

of work is not conducive to this. Port accidents range in severity 
from cut fingers to the loss of limbs. In some countries fatalities are 
relatively rare, but even in developed countries where health and 
safety legislation standards are high, deaths in ports can still occur. 
Worryingly, for example, there were seven work related deaths in 
UK ports in 2011, a much greater number than the usual annual 
average. Meanwhile, in other parts of the world where the health 
and safety regulations of the state are less strict, the numbers are 
significantly higher and difficult to accurately establish. 

Raising concerns
It is with this in mind that the ITF, along with Unite, the 
union which represents dockers in a number of UK ports, has 
voiced opposition to the recent move by the UK government 
to downgrade the status of dock work to low risk, despite 
the fact that ports are still widely regarded as one of the most 
dangerous job environments in the marketplace. Six jobs regularly 
carried out in ports were named amongst the most dangerous 
occupations in a list from the US Bureau of Labor statistics.

It is not clear whether this downgrade was a monetary decision. 
A less dangerous classification for dock work means that regulation 
need not be as stringent, thus HSC Public Health Agency could 
legitimately downsize in terms of its port inspection teams. If it is 
a decision made based on a misguided impression that docks are 
in fact getting safer, it is a dangerous move in itself, which can only 
go to further deepen the health and safety risk of having untrained, 
unskilled workers in the docks.

Non-unionized agency staff present a higher injury risk 
to themselves and those around them because of their lack of 
familiarity with the port. Permanent employees have in depth 
knowledge of their working environment and its hazards, 
including issues around restricted areas and the operation of 
machinery. There is also the issue of training. Those who work 

The reality of assessing accident  
levels in ports
International Transport Workers’ Federation (ITF), dockers’ section

A docker at work: the relevant training's vital to staying safe on the job
Handling containers: Dock work is widely considered one of the most 
dangerous industries in the world
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permanently for an employer will be required to undergo training 
but agency staff may well not have undertaken some or any 
specifically port related training.

Example case
The case of Simon Jones demonstrates the dangers associated with 
agency staff taking on the skilled job of dock work in an unfamiliar 
and dangerous environment. Simon – aged 24, was a casual worker 
at Euromin’s Shoreham dock. He was killed when his head was 
crushed by the grab of a crane on his first day on the job. He had 
been encouraged to take the job at Shoreham by an employment 
agency despite having no training or experience of dock work. 

Following Simon’s death, his friends and family set up the 
Simon Jones Memorial Campaign to challenge what they call the 
‘profits-before-people’ attitude which led to his death.

The decision by the crown prosecution service not to 
prosecute Euromin or the manager at Shoreham over Simon’s 
death was overturned in a judgment. This marked the first 
successful judicial review of a decision not to prosecute for 
manslaughter over a workplace death in British legal history. 
Both the company and the general manager of the site were 
cleared of manslaughter but Euromin was found guilty of two 
health and safety crimes relating to Simon’s death for which it 
was fined £50,000. 

Being part of a non-unionized, casual workforce, can 
also make it more challenging to gain recourse should an 
employee be involved in an accident on the docks. UK unions 
representing dock workers will generally be able to provide 
access to a solicitor to help facilitate compensation claims, 
whereas individuals without union protection are left to make 
their own arrangements and support themselves through the 
process financially.

Away from the issue of casualization, some employers 
could argue that accident numbers have decreased with the 
rise of technology in ports. However, with the increased use 
of automation there has been a reduction in the number of 
workers on the ground which could easily explain any fall in 
accident numbers. In addition, the lack of clarity around the 
reality of accident numbers in ports in developing countries 
makes it difficult to say with any certainty whether the 
introduction of new technology in ports has had any real impact 
on the number of fatal or serious incidents amongst workers.

Global survey
So how do we begin to build a clearer picture of health and 
safety in ports on a global scale? The priority for the ITF is to 

make sure that systems are in place for the maximum protection 
of workers. With that in mind, the ITF commissioned an 
independent health and safety survey earlier this year in a bid 
to establish what occupational health and safety systems are 
currently in place in ports. A number of case studies, covering 
the global range of ports have been secured as we seek to identify 
what templates for managing safety exist and if they conform 
to best practice. With the cooperation of employers, managers 
and workers at selected ports are being interviewed anonymously 
about the health and safety situation on the ground too. 

The survey fits in directly with the work of the ITF around 
bringing health and safety up to an acceptable standard in all 
ports, regardless of where they are based. The current priority 
program centers around ensuring fair and safe working conditions 
for all dock workers. Encompassed in this program is the Global 
Network Terminal Operators (GNT) campaign, targeting 
the world’s four largest port operators in a bid to establish a 
worldwide health and safety precedent. The four major GNTs 
operate at more than a third  of the world’s ports. As international 
operators, these companies employ people to do the same job in 
a range of different countries where different national standards 
on health and safety exist. This could lead to disparity in the level 
of protection workers can expect depending on where they are 
in the world, despite ultimately having the same employer. It is 
this potential disparity which motivates the ITF to work with 
the GNTs to find out how global health and safety policy is 
implemented locally. The GNT campaign is aimed at setting 
minimum standards by way of minimum standards agreements. To 
find out more about the GNT campaign visit www.gntdockers.org 
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“The majority of ports worldwide are concerned 
about the impacts of sea level rise, but are not yet 
implementing adaptation strategies.”
‘Climate change adaptation as it affects the dredging community’, page 18.

Port Planning, Design 
and construction 
featuring Environment



The Central Dredging Association (CEDA) is committed 
to environmentally responsible management of dredging  
activities and this paper – produced by the CEDA Environment 
Commission – seeks to raise awareness, to help the dredging 
community prepare for the consequences of climate change, and 
to understand how dredging can contribute to adaptation measures

Introduction 
Climate change is now a fact. It is also now widely accepted that 
human activities are playing a role in the increase of greenhouse 
gas emissions that have accelerated global warming during the last 
century, although the significance of the human contribution is 
still a matter of debate. The related effects include sea level rise, an 
increase in seawater surface temperature and changes in (seasonal) 
precipitation and hence river flow. Climate change research moves 
rapidly and there is still a great deal of uncertainty: some new 
estimates project faster rates of sea level rise than those reported by 
IPCC in 2007 whilst other (satellite) data suggest that rates of sea 
level rise may be slowing. 

In addition to trends for an ongoing rise in global temperature 
and associated sea level rise, it is anticipated that there will be an 
increase in the frequency of extreme events like storms, surges, 
floods and droughts. Climate change effects are expected to 
increase in the coming decades. 

Low-lying coastal areas worldwide face a large-scale increase 
in population density, urbanization, changes in land use and land 
subsidence. These increasing pressures make the coastal zones and 

deltas especially vulnerable to the impacts of climate change, not 
only flooding and erosion, but also implications for ecosystems. 

Adaptation strategies are therefore absolutely necessary to reduce 
the consequences of climate change by improving resilience 
and reducing vulnerability. Dredging will often be an important 
element in the adaptation ‘toolkit’. 

The dredging community needs to be aware of the projected 
changes and the type of adaptations likely to be required. The 
dredging community comprises not only the dredging industry 
(contractors, manufacturers) but also port and water authorities, 
policy makers, regulators, consultants and stakeholder groups.

Mitigation measures designed to reduce the contribution of the 
dredging sector to greenhouse gas (carbon dioxide) emissions (for 
example, the use of alternative fuels and materials) whilst clearly 
important, are outside the scope of this paper.

This position paper firstly highlights the main implications of 
climate change for dredging, and discusses potential preparatory and 
adaptation measures in general terms. It then elaborates on specific 
climate change issues and adaptation requirements or options in 
relation to three typical environments in which dredging takes place: 
open coasts; seaports, estuaries and access channels and inland waters.

Potential climate change implications for the 
dredging community
Dredging activities mostly take place in rivers, canals, estuaries, ports 
and coastal areas. The morphology of these areas is influenced by 
sediment supply, currents, waves, winds, water levels and tidal range. 

Climate change adaptation as it  
affects the dredging community 
Pol Hakstege, technical manager at Rijkswaterstaat, Ministry of Infrastructure and Environment, the Netherlands

The Sand Engine on the Dutch coast- an experimental mega-nourishment, which combines safety requirements with space for nature development and recreation, and uses 
natural processes for distribution of sand. 
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Changes in these conditions due to global warming may induce 
changes in erosion and sedimentation patterns, with potential 
consequences for both inland and offshore dredging requirements. 

Adaptation measures might relate to dredging volumes or 
locations, the type or number of dredging tools, or new dredging 
methodologies and technologies.

In the short-term, actions such as raising awareness, additional 
data collection and monitoring, risk assessments, scientific support 
to help understand and judge the effectiveness of proposed 
adaptations and planning will be critical elements of climate change 
preparation. In the longer-term, decisions on more concrete 
measures will be needed – for example, the physical modification of 
infrastructure or changes in working practices. 

Responding to climate change will involve a wide range of 
stakeholders if the optimal options in all aspects are to be identified 
and if inflexible or irreversible ‘regrets’ measures are to be avoided.

Uncertainty about the impacts of climate change and the 
occurrence of extreme events means that solutions have to 
be flexible and regulatory regimes also need to be able to 
accommodate such flexible approaches. 

The design of new projects, particularly those with a design life 
extending to decades, needs to accommodate the uncertainties 
inherent in many climate change projections or design 
parameters. This is likely to result in an increased requirement for 
flexibility in a climate proof design.

In some cases, an increased frequency of extreme events 
may mean that more reactive dredging is needed than is 
currently done; in other cases proactive dredging may be more 
appropriate to deal with the implications of long-term seasonal 
changes in flow. 

Adaptation measures should be sustainable, not only in 
environmental terms but also with regard to economics, flood risk 
management and other societal interests. Measures which use the 
dynamics of the natural system as the starting point for the design, 
and which make optimal use of natural processes, will usually be 
amongst the most sustainable. Careful planning to identify and 
deliver the most sustainable option in the site specific context will 
be essential.

Sustainable solutions may involve more conventional dredging 
(for example, where greater quantities of beach nourishment 
material are required) or they may involve less (such as where 
higher water levels mean that less dredging is needed). 

In some cases the most sustainable option may not involve 
conventional dredging practice at all (for example, as a result of 
changes in flood defence policies). The dredging community 
needs to be prepared to seek new and innovative solutions. 
Climate change will provide new opportunities, but it will also 
pose challenges.

The potential implications of climate change for the dredging 
community are discussed in more detail in the following sections 
for three interconnecting environments: open coasts; seaports, 
estuaries, and access channels; and inland waters.

Open coasts 
In coastal areas, climate change is already manifesting itself in the 
form of sea level rise and altered wind patterns. 

The consequences of climate changes are likely to include 
increased coastal erosion and an increasing risk of breaching 
of dikes and dunes and of flooding from the sea. Changes in 
sediment transport may lead to increased sedimentation in 
harbors, inlets and channels. 

Managing sediment balances through cyclic nourishment using 
the natural sediment transport processes is a potentially relevant 
adaptation measure in which the dredging industry could play an 
important role. 

Seaports, estuaries and access channels 

Seaports are necessarily situated in areas vulnerable to the adverse 
effects of climate change: at the coast, which is susceptible to sea 
level rise and increased storm intensity, and/or at mouths of rivers 
which are vulnerable to flooding.  

The majority of ports worldwide are concerned about the 
impacts of sea level rise, but are not yet implementing adaptation 
strategies.

Local relative sea-level rise may affect the tidal range and in 
some cases tidal wave propagation, hence the direction (and 
even intensity) of the dominating (cross-) currents. A modified 
wave-pattern or a modified tidal current pattern may influence 
sedimentation and erosion phenomena.  Estuaries may also be 
influenced by changes in the intrusion of saline water, potentially 
changing the sedimentation patterns as well as the ecosystem. 
Rising sea levels can similarly lead to increased tide-locking of fresh 
water outflow with consequences for sediment deposition.

Local relative sea level change might result in a requirement for 
the adjustment of the constructed level of port terminals, quay 
walls and protection structures in the longer term, resulting in 
some increase in demand for reclamation volumes and construction 
materials. In the shorter-term, some ports may require new 
protection structures to cope with an increase in storm surges or 
tropical storms. Any changes in storm surge frequency could also 
result in changes in near shore erosion and sedimentation patterns: 
increased sedimentation in port basins and access channels would 
lead to a need for more dredging, and any increase in erosion might 
require extra repair and reclamation work.

The alignment of an access-channel is determined by the natural 
seabed-morphology, the hydro-meteorological regime of currents, 
waves and winds and, in general, the shortest possible track between 
the port and deeper water offshore. Any change in these conditions 
may affect the nautical accessibility and/or the maintenance 
dredging programme or strategy.

Long-term changes in average seasonal rainfall may require 
planned changes in maintenance dredging requirements. Long 
periods of drought followed by heavy rainfall and ‘flash flood 
events’ can influence both the fine sediment supply and the run-
off of contaminants and nutrients, leading to dramatic changes in 
sedimentation- potentially affecting activities in port basins and 
access channels.  

Such events will increase the need for emergency dredging and 
emergency reclamation or repair works. Flexible responses will 
therefore be needed to help guarantee the year-round accessibility 
of affected seaports. Operational windows for dredging might 
similarly be reduced as a result of weather and wave conditions.  

Inland waters: rivers, canals, harbors  
and reservoirs 
Climate change will also have implications for inland waters in 
terms of navigation, sediment management, water resources and 
discharge (urban and rural) management and flood risk. The 
implications for nature conservation, and human activities, such 
as recreation and agriculture may in turn require changes in the 
management of water bodies.

Opportunities for the dredging industry may arise if more 
dredging is required to reduce flood risks, to maintain safety of 
navigation, to retain maximum storage capacity in reservoirs, or 
where user requirements change as a result of global warming. In 
the aftermath of extreme rainfall/run-off events sediment removal 
will be important along with appropriate measures to deal with 
any re-mobilised contaminants.

The main challenges, meanwhile, seem likely to be related to 
climate change uncertainties, for example how sensitive species 
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or ecosystems will respond to warmer water temperatures and the 
specific interactions between climate change and vegetation growth.  

Key messages
CEDA’s position on climate change adaptation is as follows:

 Climate change will bring both challenges and opportunities to 
the dredging community;
  The magnitude or rate of change of some climate change 
parameters maybe greater or smaller than previously projected. 
These uncertainties are no excuse not to take action;
 The dredging community has an important role to play in 
promoting integrated solutions for many of the consequences of 
climate change, and needs to be prepared to act; 
  Climate change adaptation measures need to be based on a 
well-informed, pro-active and integrated approach; adequate 
monitoring and follow up programmes will be important; 
  Innovation and flexibility will be crucial factors for successful 
and sustainable adaptation both in terms of technical solutions 
and in the regulatory context.

CEDA will continue to facilitate and support the wider 
dredging community in meeting these challenges and delivering 
effective climate adaptation. 
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The Port of Gothenburg was one of the first ports in the world 
to offer onshore power supply with high voltage to commercial 
vessels. This is a technology that reduces local air pollutants, 
greenhouse gas emissions and noise to a minimum when using 
environmentally labeled energy. In total, one in every three 
vessels that calls at the Port of Gothenburg can now turn off 
its diesel engines at the quayside and use onshore power supply 
instead. In November 2011 the port received the Energy Globe 
Award for its achievements.

How did it all start?
As early as 1989, the first two of Stena Line´s ferries were adapted 
to use onshore power supply with low voltage, they were Stena 
Germanica and Stena Scandinavica operating to German ports. Since 
then the technology has developed and the first ship connected to a 
high-voltage onshore power supply (OPS) in Port of Gothenburg 
was in January 2000 and it has since then become a major success. 

The big difference between low and high voltage is that the 
number of cables can be reduced from ten to one and that the 
connection time are also reduced from around 20 minutes to at 
the most five minutes.

Stora Enso, one of the world’s leading pulp and paper 
companies, was a prime mover in Port of Gothenburg’s onshore 
power supply investments with high voltage in the late 90s. 
The company wanted to be environmentally friendly-adjusted 
in all the links of its supply chain for its paper transports from 
Sweden to the rest of Europe. Gothenburg was one of the ports 
competing for Stora Enso’s business, and it was determined to put 
together the greenest and most environmentally smart offer. 

Per Lindeberg, the port’s chief electrical engineer at that time, 
had already been looking at the feasibility of supplying vessels 
in the port with electricity from a land based source, instead of 
running the ships’ auxiliary engines. He reasoned that this would 
cut ships’ emissions radically and also reduce the noise – which 
would benefit both the surrounding environment and also improve 

Reducing the environmental impact 
of port operations through onshore 
power supply
Åsa Wilske, manager sustainability, Port of Gothenburg, Sweden 
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The Port of Gothenburg, Sweden, is the largest port in Scandinavia.
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the working conditions at the port. Everyone was in favor of the 
idea – so the challenge was to find a solution that would work. 

A creative cooperation was developed between the shipowners, 
Cobelfret and Wagenborg Shipping, and the supplier of the 
electrical equipment, ABB. The Swedish government contributed 
with some funding.  

Important milestones 
2000 – The inauguration of the world´s first OPS installation 
with high voltage

The inauguration of the first installation of onshore power 
supply with high voltage for commercial vessels in the RoRo 
terminal is how it all started. When we started our investment in 
the technology in 2000, most European ports had low interest in 
the technology and we were one of the few ports talking about 
onshore power supply as an interesting solution. Today, ten years 
later, the situation is the opposite and it is a technology that many 
ports and shipping companies are considering.

2004 and 2008 – Environmental awards
The port receives the European Union Commission’s new 
environmental prize, the Clean Marine Award in 2004 and 
Lloyd's Lists Clean Seas Award in 2008 for its work with onshore 
power supply. 

2008 – Stena Line invests heavily in OPS
Stena Line announces that the majority of its vessels in the 
Scandinavian ports will be equipped for OPS before 2010 or 2011.

2008 – Climate investment grant
The port receives a climate investment grant from the Swedish 
Environmental Agency to supply electricity at all berths at 
the RoRo terminal. 30 percent of he investment costs on the 
quayside would be covered by this grant.

2010 – The launch of OPS website 
The launch of the OPS website (www.onshorepowersupply.org) 
and the publishing of the results from the international survey on 

the current status and future plans regarding OPS at ports around 
the world took place. Port of Gothenburg developed the website 
together with the Port of Antwerp, Amsterdam, Hamburg and 
IAPH Europe as one of the contributions within World Ports 
Climate Initiative (http://wpci.iaphworldports.org).

2011 – Europe´s second OPS facility with frequency 
converter 50/60 Hertz
In January 2011 a new OPS facility was inaugurated for the 
Stena Line´s ferries operating between Gothenburg and Kiel. The 
unique thing about the new facility was its ability to  transform 
50 hertz, the standard frequency for alternating current in Europe, 
to 60 hertz, which is the system frequency used on the majority 
of vessels. The new OPS facility is the result of a joint investment 
initiative by Stena Line and the Port of Gothenburg, with a total 
cost of $1.71 million. With the commissioning of the new facility, 
all five Stena Line's passenger and freight ferries are now able to 
connect to OPS when at berth. 

2011 – 98 percent cut in tax charged for onshore power
After six years of lobbying for tax exemption on electricity for OPS, 
an important victory was achieved. Since 1 November 2011, the 
Swedish government is allowed by Brussels to reduce the tax from 
SEK 0.28 ($0.04)/ kilowatt hour to a symbolic SEK 0.005. The tax 
reduction on electricity for vessels using OPS will radically increase 
the incentives for shipping companies to invest in the technology, an 
important step towards an increase in the use of OPS. 

2011 – Port of Gothenburg wins the Energy Globe Award
In November 2011 the port is announced the winner of the 
Energy Globe Award for its achievements within the field of 
OPS.The  Port of Gothenburg was proud and happy to receive 
the environmental "oscar" for its intensive work on reducing local 
air pollutants, greenhouse gas emissions and noise. The Energy 
Globe Awards aims at promoting clean, renewable energy sources 
and are awarded in five categories: earth, fire, water, air and youth. 
The awards have been presented since 1999 and are now one of 
the world´s most prestigious environmental awards. The port was 
the winner in the air category.

DFDS Seaways plans to connect six of its vessels to onshore power in Gothenburg 
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2012 – DFDS Seaways announces OPS plans
DFDS Seaways is set to follow suit and connect six vessels to 
onshore power. Once the DFDS vessels have been connected at 
the end of 2013, 40 percent of all vessels calling at the Port of 
Gothenburg will be able to connect to an OPS.

The current status 
Today, in the Port of Gothenburg, around ten vessels are equipped 
for the technology and five quays are offering OPS. In total, one 
in every three vessels that calls at the port can now turn off its 
diesel engines at the quayside and use onshore power supply. The 
power is supplied by environmentally labeled electricity like wind 
power. The shipping lines using the technology are Stena Line, 
Cobelfret and Transatlantic. 

1.  Quay 24, Masthugget, Stena Line - Gothenburg-Denmark OPS 
for passenger fast ferry - Stena Carisma, 50 Hertzz and low 
voltage, 400 volt, one installation

2.  Quay 28-32, Masthugget, Stena Line - Gothenburg-Denmark 
OPS for ro/pax-vessels – Stena Jutlandica & Stena Danica, 50 
Hertz and high voltage, 11 kilovolts, three installations

3.  Quay 46-49 Majnabbe, Stena Line - Gothenburg- Germany OPS 
for ro/pax-vessels – Stena Scandinavica & Stena Germanica, 60 
Hertz and high voltage, frequency converter, 11 kilovolt, one 
installation, prepared for 50 Hertz

4.  Quay 700, RoRo terminal -Gothenburg – Finland, Belgium 
OPS for RoRo-vessels – Transtimber, Transpaper, Transpulp, 
Schieborg, Slingeborg and Spaarneborg, 50 Hertz and high 
voltage, 6 kilovolts, one installation

5.  Quay 712, RoRo terminal - no vessels are equipped at the 
moment OPS for RoRo vessels, 50 Hertz and high voltage, 11 
kilovolt, one installation

THE FIVE QUAYS THAT OFFER OPS IN THE PORT OF GOTHENBURG:

Next steps
A feasibility study has recently been conducted in the Port 
of Gothenburg to examine the environmental, technical and 

economic aspects of introducing the technology for all terminals 
and vessels in the port. The results will soon be available on 
www.portgot.se.

The port has the ambition to become the first RoRo terminal 
in the world to offer OPS for all of its visiting vessels. There are 
also promising signs that this could soon turn into reality. 

Since 2011 the port is leading the work about OPS within 
the international project called Clean North Sea Shipping 
(CNSS), www.cnss.no. The result will hopefully be an important 
contribution beside what has already been done within the World 
Ports Climate Initiative. The aim is to provide recommendations, 
exchange of experiences and discuss how to encourage as many 
ports, terminal operators and shipping companies to use or offer 
OPS. Learning from already existing experience – ups and downs 
– as well as introducing the technology in the Port of Bergen for 
cruise vessels in Norway, are some examples of what the project 
will cover.

ABOUT THE AUTHOR

Ms Åsa Wilske is Senior Manager Sustainability in the Port of Gothenburg. 

Her education is Master of Science in Chemical Engineering. Ms Wilske has 

been working in different organisa-tions with environmental related issues 

for more than 20 years and in Port of Gothenburg since year 2000. Her main 

task is corporate sustainability and strategic environmental management. 

ABOUT THE PORT

The Port of Gothenburg is situated on the West Coast of Sweden and is the 

largest Port in Scan-dinavia. The policy of the Port is to be an environmentally 

strong link in the logistics chain.

One of the main challenges for the port is to combine increased growth 

with a minimum of envi-ronmental impact. Innovation and collaboration 

are important cr iter ia to succeed in this ambit ion. Rai l  shuttles, 

onshore power supply, environmentally differentiated port tariff and 

a plan to be climate neutrality are some of initiatives that have been taken. 

ENQUIRIES

Email: asa.wilske@portgot.se

Tel: +46 31 731 22 20

Web: www.portofgothenburg.com

 Stena Germanica was one of two Stena Line ferries that was adapted to use onshore power supply in 1989
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Ports and the shipping industry are increasingly under 
pressure to improve their environmental performance and 
new international regulations are coming into force. New 
technologies and business models will have to be deployed if 
those industries are to be compliant with regulations in a cost 
effective way. Amongst the new technologies, shore connection, 
which supplies electrical power to ships at berth, is currently 
the most advanced and sustainable solution in the long term. 
According to a recent study (University of Louvain, Belgium 
2012), there are currently about 150 berths worldwide equipped 
with a shore connection system. The recently released IEC/
ISO/IEEE 80005-1 standard will accelerate the global 
deployment of this technology. 

This article focuses on the capability of the shore connection 
solution to reduce port pollution and help ships meet current 
and future regulations. It also presents the best compliant 
practices that will help ports, terminal operators and ship 
owners to make shore connection a safe, efficient and green 
investment.

Concerns about shipping pollution 
Over the last decade, public concerns regarding air pollution 
from shipping have increased. Despite being recognised as the 
greenest form of transport, most ships burn heavy fuel oils with 
high sulphur contents. Every year in fact, the shipping industry 
emits several million tons of particulate matter (PM), sulphur 
oxides (SOx), nitrogen oxides (NOx) and carbon dioxide 
(CO2). Studies estimate that this activity is currently responsible 
for three to five percent of global CO2 emissions, 15 percent 
of NOx emissions and five to eight percent of SOx emissions. 
Given that nearly 70 percent of those emissions occur within 
400 kilometres of land, ships make a significant contribution to 
air pollution in coastal and ports areas. The consequences for 
human health and the surrounding environment can be serious: 
recent European studies assume that international shipping kills 
about 50,000 people a year in Europe and costs society about 
60,000 million. 

Stricter environmental regulations
The International Maritime Organization (IMO) takes the 
problem of shipping air pollution seriously. The MARPOL 
Annex VI regulations already set a timeframe to progressively 
reduce fuel NOx and SOx content. Ships will have no other 
choice but to use lower sulphur fuel or opt for alternative 
technologies.

The IMO environmental committee (MEPC) meets several 
times a year to address current topics. Last year, existing 
regulations were reinforced by adding two new tools to the 
MARPOL VI convention of July 2011 to reduce ships’ CO2 
emissions: the energy efficiency design index (EEDI) and the 
ship energy efficiency management plan (SEEMP). Both will 
be mandatory by 2013. The latest MEPC, to be held in London, 
should make progress on market-based measures to tackle CO2 
emissions. Some countries, where shipping emissions are a major 

source of port pollution, have implemented stricter regulations 
for ships at berth. In Europe, vessels berthing for more than 
two hours have to switch to a 0.1 percent sulphur fuel or use 
alternative technologies such as shore side electricity. In the US, 
the California Air Resource Board requires ships to be equipped 
with a shore connection system; otherwise they will not be able 
to berth in a Californian port from 2014.

Shore connection cuts pollution
The shore connect ion system is  probably the most 
environmentally efficient technology. It is estimated that this 
technology enables a global reduction of ships’ emissions of 
CO2 by 50 percent, of sulphur by 96 percent, of NOx by 97 
percent and of PM by 96 percent compared with the use of 
2.7 percent sulphur residual oil. Of course, the global reduction 
is dependent on the type of power generation sources on 
land, but the pollution generated is likely to be produced in 
less densely populated areas than those surrounding the bigger 
ports and many improvements have been introduced to limit 
air pollution from power plants. Ports that have implemented 
a shore connection solution report major local environmental 
benefits. For example, the Port of Los Angeles, which has been 
a pioneer in the implementation of this technology, reports a 95 
percent NOx, SOx and PM reduction per vessel call.

Meeting regulations in a cost effective way
With this technology, ships can turn off their engines while at 
berth and use electricity from the grid. This enables them to 
cut their energy bills now that marine fuel oil is reaching record 
highs. In most countries, electricity is not only greener than the 
use of heavy fuel but also much cheaper. By saving fuel, ships 
save money and so, depending on several parameters mentioned 
below, ships can enjoy a quick payback time. This trend is 
expected to increase, as the American coasts join the Baltic, 
the North Sea and the English Channel to become emissions 
control areas. In these special zones, ships are currently allowed 
to burn one percent sulphur content fuel. After several debates, 
the European sulphur directive has finally been approved (14 
September 2012) by the European parliament in Strasburg and 
ships sailing in these zones will have to switch to a 0.1 percent 
fuel by 2015, which will increase demand for marine diesel oil 
and so prices. 

By selling electricity to ships, shore connection technology 
also opens up new opportunities for ports. Depending on 
several parameters, such as the occupation rate of berths and 
electricity prices, ports could reduce the payback time of these 
installations while preserving air quality.

Confident in this technology, several states and federal 
organisations provide financial incentives as well as funding 
to support the development of shore connection. Sweden and 
Germany have sought approval from the European Union 
(EU) to cut tax levels on electr icity for shore side power 
sold to ships. Payback for ships berthing in those countries is 
much quicker and this promising initiative could be expanded 

Using shore connection technology  
to meet environmental guidelines 
Lorène Grandidier, strategic marketing manager, and Daniel Radu, technical expert, Schneider Electric
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to other EU member countries. And the EU is going even 
further by including the implementation of shore connection 
in the criteria for allocating subsidies to various infrastructure 
development programmes such as Marco Polo or TEN T. Those 
programmes can help marine operators to co-finance shore 
connection projects by up to 20 percent. 

The role of international standards
Shore connection is of worldwide relevance; the main maritime 
freight routes are inter-continental. Starting from this fact, the 

main international standardisation bodies have decided to create 
a single standard for shore connection solutions, both for the 
system and connection plugs and sockets. Today therefore, a ship 
with shore connection capabilities could be connected to any 
berth providing an installation is designed in compliance with 
the new standard.

The aim of the standard is to set out the following 
requirements: for shore connection design and construction; to 
guarantee the safety of high-voltage shore connection and for 
the ship connection to the high-voltage shore connection. 

This provides the benefits of standard, straightforward 
connection without the need for adaptation and adjustment at 
different locations. Ships that do not comply with the standard 
may find it impossible to connect to compliant shore supplies.

There are currently two main international standards dedicated 
to shore connection design and construction. General requirements 
for HV shore connection are dealt with in IEC/ISO/IEEE 80005-
1, released in 2012. Plugs and sockets for high voltage shore 
connection are covered in IEC 62613-1 & 2, released in 2011.

Best practices for implementing shore 
connection technology
To meet the long-term sustainable technology needs of both 
ports and ships, Schneider Electric has developed an innovative 
solution called ShoreBoXTM, designed to reduce investment, lead 
time and operational costs.

Optimised footprint & flexible solution 
The ShoreBoX solution consists of a range of standard 
components and all shore connection modules include 

Figure 3: Payback benefits of electricity usage by ports and ships.

Figure 2: Emission reductions with electricity.

Figure 1: Regulations for fuel reduction.
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tested, validated, and documented architectures, guaranteeing 
system reliability. Fully packaged in a single metal enclosure, 
ShoreBoX has been designed with the utmost concern for 
space and cost optimisation. To be able to deal with such 
complex investment, ports have to be supported throughout 
the entire project, including design, execution and post-sales 
services, by dedicated local teams.

Ports are a moving environment, as port traffic is likely to 
change constantly. Since the berth profile or the electr ical 
power needed by the ship could change, the ShoreBoX 
solution is able to accommodate the ships of tomorrow's ports. 
This solution can be implemented and operated without 
disturbing port activities. The ShoreBoX solution is adaptable 
to the different power needs and electrical frequency of the 
ships and to a variety of port infrastructures.

Safety
The safety issue is mainly linked to the protection of those 
operating the shore connection and staff or others moving in 
the vicinity of the installations.

With the shore connection solution, particular attention 
has to be paid to the following safety issues as well: protection 
of individuals against direct and indirect electrical shocks by 
means of appropriate measures such as envelopes, barr iers, 
equipotential bonding, interlocks and safety instructions; 
protection against internal arcing in HV and LV switchboards; 
protection of operatives handling, plugging and unplugging 
HV plug/socket-outlets by means of appropriate mechanical 
interlocks and verification that flexible high-voltage cables are 
discharged prior to unplugging.

Al l  these funct ional i t ies  are a l ready embedded in  
the ShoreBoX solution, and tested and validated during the 
design phase.

Energy Management System

The ShoreBoX includes an energy management and control 
system enabling ports to optimise their electricity consumption 
and thereby reduce operational costs. The system tracks and 
reports all data in real time, giving ports visibility of energy-source 
selection, forecasts, simulation, metering and billing. The system also 
supplies data on the port environmental indicators to make a shore 
connection investment as green and efficient as possible.

Conclusion
Air pollution and regulations are forcing the whole maritime 
industry to look for greener technologies. These new investments 
are often viewed as a constraint. Nevertheless, shore connection 
systems can lead to fuel, energy, and money savings for ships. 
It also opens up new opportunities for ports and preserves air 
quality around them. Recently, the main barriers to development 
have been removed. In fact, the standard ensures global 
compatibility between ports and ships and existing solutions, such 
as the ShoreBoX, are safe, flexible, and efficient enough to be 
deployed in other ports. Consequently, shore connection is likely 
to be further expanded in the coming years.
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Figure 4: The adaptable ShoreBoX solution.
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Background

On 15 February 1996 the ‘Sea Empress’ failed to make it safely into 
port. She grounded during her approach and subsequently spilt 
73,000 tonnes of crude oil near to Britain’s only coastal national 
park.  The system for managing the risks associated with getting the 
ship safely in and out of the port failed – if the system had worked, 
the accident would not have happened. 

One of the consequences of this disaster was the creation 
of the Port Marine Safety Code (PMSC). It was first published 
in 2001 and extensively refreshed and reformatted in October 
2009, making it a far more concise and practical document.  The 
code is supported by a ‘Guide to Good Practice on Port Marine 
Operations’ which, in my view, could be a far more helpful 
document if more ports were persuaded to put commercial 
competition aside and contribute to it.

Aiming for swift vessel turnaround, profitable services and, in the 
case of leisure and cruise ports, an enjoyable visit is good business 
practice, but ensuring that a ship can get in and out of the port 
safely is fundamental. 

Incidentally, I use the term port to encompass the wide variety of 
terms used in the UK, including havens, harbours and docks and I 
use the terms ship and vessel to describe all types of water craft.

Managing marine safety
Managing the safety of marine operations (getting ships in and 
out of the port safely) in UK ports has improved since 2001 
largely, in my view, because of the impact of the PMSC. This code 
was put together by the Department for Transport and the ports 
industry. It applies to all ports that are governed by bodies formed 
in accordance with the requirements of local legislation. It not only 
appreciates the diversity of ports and harbours but also recognises 
their special status as harbour authorities.  

Harbour authorities are bodies created by statute to serve 
a public interest to ensure the port is managed, maintained and 
improved. As these harbour authorities are formed by law they 
have legal duties and responsibilities and they are granted powers 
to make their own local laws to assist in regulating conduct within 
their jurisdiction. Most of the law that forms harbour authorities, 
and a lot of law made by them, is antiquated and no longer relevant 
or fit for purpose. However, modernising the law has not found 
political favour and it is expensive, so the majority of it remains 
somewhat poor.

Old law aside, it remains that the individuals that are responsible 
for running ports have to be able to demonstrate that their 
organisations are ‘open, accountable and fit for purpose’.  Those 
individuals may be board members of a company, councillors 
and co-opted members that sit on a council committee or 
commissioners (often volunteers) that govern a trust port – the 
structure of the governance arrangements make no difference.

The PMSC is not law, in that harbour authorities cannot be 
forced to comply with it and failure to comply is not an offence 
in itself.  But not to comply with it will almost invariably have 
a serious impact as it establishes the national standard that the 
police, authorities and lawyers will expect all ports, regardless of 
size or type, to meet when they come knocking to commence 
that uncomfortable post incident scrutiny.  It is my view, that not 
to meet the standards in the code is foolhardy as non-compliance 

opens the door to the boardroom to allegations of both criminal 
and civil negligence.  

It is the door to the boardroom that will swing wide open – 
the code makes it quite clear that accountability for the safe 
operation of the port, its waters and approaches rests with the ‘duty 
holder’, which is how the code describes those who make strategic 
decisions and control the finances ie. the board, commissioners, 
committee or council. While harbour authorities have powers to 
appoint a harbour master, pilots and other professionals, they cannot 
assign or delegate their accountability, so the buck literally stops 
with the board.

The safety management system
The central thrust of the code is that marine operational safety is 
to be managed by way of a formal risk based safety management 
system (SMS). The core of this system has to demonstrate that 
all the risks associated with marine operations are identified 
and managed so that they are ‘as low as reasonably practicable’ 
(ALARP). This is risk management.  Keeping your fingers crossed 
is not managing risks.  Having a shelf full of folders that are rarely, 
if ever, used is not managing risks.  Over reliance on the skill and 
experience of staff is not managing risks.  

What enables ports to manage risks is a coherent SMS, one 
that identifies the risks and then manages them so that they 
become reasonable.  

Put simply, the SMS has to identify risks, put reasonable 
precautions in place to manage those risks, ensure the precautions 

The UK’s port marine safety code 
Mark Capon, managing director, Regs4ships Ltd

Harbour authorities are created by statute to ensure ports are managed  
and maintained

A port can be any size and not necessarily large as can be perceived
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work, as well as produce records. These records will be put under 
scrutiny in the aftermath of an accident.

The system also has to provide for keeping the system under 
review. Importantly, the code makes somebody responsible for 
telling those persons that are accountable how it is all going. 
This allows the board to manage their exposure. The person that 
is tasked to keep those accountable informed is the designated 
person (DP). The SMS should also be a worthwhile management 
tool, be understood (to an appropriate degree) by everybody that 
has an interest in the port and be an integral part of the operation 
of the port.

So what makes a good SMS?
My experience shows that the best are: simple; compact; plain 
speaking and user friendly; practical; proportional; produce 
meaningful records and a robust paper trail; assist the practitioners 
to discharge their duties. They follow a basic layout (see figure 1):

The code is not prescriptive and the authorities do not survey, 
audit or enforce compliance, so it is for each port to demonstrate 
that they meet the requirements of the code and make a report of 
compliance to the Maritime and Coastguard Agency (MCA) once 
every five years.  

I would suggest that it is too late to consider demonstrating 
compliance after an accident, far better for those accountable for 
the safe operation of the port to be assured that all is as it should 
be before an accident occurs. This is why the role of the designated 
person (DP) is so important.

The designated person.
The DP is the eyes and ears of the board. They have to rely on his 
feedback so they know their exposure to risk is being managed. 
He must: “provide independent assurance directly to the duty 
holder that the marine safety management system (SMS), for 
which the duty holder is responsible, is working effectively.  Their 
main responsibility is to determine, through assessment and audit, 
the effectiveness of the marine safety management system in 
ensuring compliance with the code” (Port Marine Safety Code 
paragraph 2.8).

In 2011, the guide that accompanies the code was amended 
with useful guidance on who should be a DP and how he should 
go about discharging his functions. It is my experience that 
the veracity of the DP is crucial. I say this because if a harbour 
authority has an efficient DP then it will, by default, meet the 
requirements of the code because if the DP is doing his job 
properly and finds deficiencies, he should report them directly to 
the board.  Once the board have notice of the deficiencies they 
are compelled to address them because if they do not they remain 
individually and collectively accountable. It is a worse story if the 

board are ignorant of the failures because either they are not being 
informed or because the failures have not been identified – they 
remain accountable and this reinforces the need for an efficient and 
robust DP.

The aide memoire
In 2011 the UK MCA published an aide memoire or checklist to 
help ports, and in particular the DP, to conduct audits. The MCA’s 
own surveyors use this aide memoire when they conduct their own 
verification exercises at ports. Bizarrely, the MCA have no statutory 
powers to audit compliance at a port; they have to be invited. That 
invitation may well be sought by the MCA after an accident and it 
would be a brazen port, or their lawyers, that would be content not 
to assist the authorities under such circumstances. 

Conclusion
The PMSC is a strange paradox in that it sets a national standard 
but lacks any teeth because it has no force of law. Self-regulation 
is not the government’s best friend because of the banking mess 
and it may be that the next time port safety is put in the spotlight 
similar conclusions will be drawn.  

In the meantime, the PMSC establishes the standard that all 
ports should meet. Ports should comply not because it is another 
bureaucratic burden but because it provides an operational 
framework, which assists all who work and use the port. It also 
manages risk and protects those accountable for marine operational 
safety.  Ports should not comply with it because they think they 
ought to, they should comply with it because it makes good 
business sense and just maybe the next Sea Empress situation will 
happen elsewhere.

For more information about the PMSC or the aide memoire, 
visit: www.regs4ships.com. 
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Figure 1: Layout of a good SMS
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Introduction

It should go without saying that shipping is the lifeblood of 
world trade. And while many economies face grave difficulties 
and the shipping sector struggles with over-capacity and poor 
rates, seaborne trade must, and does, continue. The infrastructure 
supporting shipping on approach to, and in, port is well established 
and well understood: the network of increasingly sophisticated  - 
and ever larger - ports, the dominance of containerisation, pilotage, 
modern navigation systems, dredging and so on. But one vital 
sector is perhaps less well recognised. It is marine salvage.

The ISU is the global trade association representing the mutual 
interests of marine salvors. It has 60 members including the large 
international players, regional operators and small firms. Between 
them, members of the ISU conduct over 250 salvage operations 
each year and dozens of wreck removals. Over 75 percent of 
marine casualties occur in or around the approaches to port, and 
if not properly and rapidly dealt with, represent the potential to 
cause a major hazard to other vessels; port infrastructure and the 
serious economic consequences of interruption to normal flows 
of cargo and port operations. Even the loss of one berth for a 
comparatively short period can have a significant impact.

Debunking the myths
There are many myths about marine salvors, not least that they 
are treasure seekers hoping for the spoils from lost cargoes or 
that they prey on vessels in distress. Nothing could be further 
from the truth. The fundamental objectives of marine salvors 
are to save life and property, in that order, and while doing so 
to protect the environment. Indeed, marine salvors have a legal, 
as well as moral, obligation to prevent and minimise damage to 
the environment while undertaking salvage and wreck removal 

operations. Marine salvage is a highly sophisticated industry 
which combines the highest standards of seamanship - often in 
very difficult conditions with, among others, the disciplines of 
naval architecture, complicated engineering, heavy lifting and 
pollution control. 

It is an industry which operates within a formal legal 
framework governed by the 1989 IMO Salvage Convention and a 
sophisticated and long-established legal context using proven and 
trusted forms of contract. Salvors’ work benefits seafarers, coastal 
states, shipowners and their insurers, both property and liability. 

Some coastal states employ emergency towing vessels which are 
on standby to intervene in threatening situations but their coverage 
is far from universal and, in most cases, it is only the commercial 
salvors that stand between a casualty and a catastrophe.

Quick response vital
Rapid intervention in an emerging casualty situation is 
acknowledged to be the key to a successful salvage operation. 
One of the most commonly used salvage contracts is the Lloyd’s 
Open Form (LOF). Its great benefit is that it allows for that rapid 
intervention. It is a simple pro-forma contract which enables the 
salvor to go to work on the casualty without having to negotiate 
the fees ‘upfront’.  It is based on the fundamental principle of 
salvage: ‘no cure, no pay’. If the services provided are not 
successful there is no reward. If the job is successfully completed 
the salvor and the ship owner and insurers agree a fair rate for the 
job based, amongst other criteria, on the value of the ship and 
its cargo. If no agreement can be reached the contract allows for 
arbitration under a process managed by Lloyd’s of London. It is 
a well regarded system that has been in operation for more than 
100 years. The latest edition of LOF was published in 2011.

If a casualty is beyond economic recovery it may become 

Salvors help keep ports clear and open 
Mark Hoddinott, general manager, International Salvage Union (ISU)

The Deneb salvage operation (courtesy of Svitzer Salvage).
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the subject of a wreck removal operation. These are often 
conducted under Baltic and International Maritime Council 
(BIMCO) contracts such as Wreckfixed  - a fixed price for the 
job; Wreckhire - a daily rate contract, and Wreckstage - staged 
payments according to progress. It is usually a matter for the 
owner and insurers to determine the wreck removal arrangements 
in close cooperation with the shore based authorities.

Salvors in action
There are numerous examples of cases where the work of marine 
salvors has helped to keep a port operational or quickly to bring 
it back into full service after an incident. In March 2007, for 
example, the car carrier, Repubblica di Genova, at 42,567 gross 
tonnes,  slowly capsized at her berth at Antwerp. But it was not 
until August that an ISU member was able to parbuckle her: pull 
the vessel upright and begin the process of refloating and repair. 
Of course the affected berths were out of action for the entire 
period and the work of the salvor in removing the vessel was vital 
to the port’s interests.

Another more recent episode was in late 2011 when the 
cellular container feeder vessel, Deneb, developed a list to 
starboard while moored alongside the APM Terminal at Algeciras, 
Spain.  The casualty eventually settled on the seabed on her 
starboard side, partially blocking the quayside. An ISU member 
was again mobilized and decided to combine parbuckling with 
regaining buoyancy. Two 600 tonne shore based cranes were 
assembled on the quayside while preparatory work began on 
the vessel (see Figure 1). The first stage was removal of loose 
containers that had fallen to the seabed causing difficulties for 
the divers.  Once cleared, the deck containers still connected to 
the ship underwater could be removed. Hold containers were 

removed next, a challenge due to the attitude of the vessel. 
Pumping out the engine room and number one hold provided 
enough buoyancy and, with the assistance of the cranes, the 
vessel was re-floated and removed to bring the port back into full 
operation.

The challenges posed by nature
Natural disasters have been a regular cause of interruption to port 
operations. Recent major earthquakes in Chile and Haiti resulted 
in vessels sinking in port and causing significant disruption. In 
one of the more unusual operations, North and South American 
ISU members worked jointly to re-float the MV Laurel, a 26,800 
deadweight tonnage bulk carrier, which had been in a dry 
dock at Talcahuano, Chile in February when the 8.8 magnitude 
earthquake struck. The quake generated two tsunamis which 
lifted the laurel up and out of the dock, thrusting it forward onto 
the pier bulkhead. The ship’s engine and steering rooms, as well as 
its number five cargo hold, flooded. The salvors patched the hull; 
removed the vessel’s propeller and debris which was lying in the 
bottom of the dry-dock hindering the refloating; discharged the 
remaining heavy fuel oil and shifted some ballast to obtain the 
correct trim. The team fabricated a custom built 17 tonne jacking 
plate on site and placed it under the bow, along with four, 14 
meter rubber air bags to serve as jacks when inflated. 

With several hundred tonnes of ground reaction on the bow, 
the Laurel’s bow was lifted off the dry dock wall and the vessel 
was gently eased back into the water with the ISU members’ 
powerful tugs. The Laurel, the dry dock and a 380 tonne caisson 
door, which was precariously positioned beneath the casualty’s 
bow, suffered no damage. It was a great example of the ingenuity 
and determination of the salvor.

TideMaster
the new portable tide gauge 
from Valeport

Contact us now to improve your tidal measurement.
Tel: +44 (0)1803 869292
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Japan disaster
Following the Japanese Tsunami of March 2011, Japanese ISU 
members undertook numerous port clearance operations ranging 
from a nine tonne fishing vessel to a cape-size bulker which was 
stranded in the port of Kashima – which involved discharging its 
31,500 tonnes cargo of iron ore. A number of the casualties were 
driven far inland - some were several kilometers up river and 
the quantity of rubble precluded using land transportation. It 
was uneconomical and left owners no choice but to cut up these 
casualties in situ. 

Japanese ISU members also salvaged many vessels that were 
within the reach and capabilities of sheerlegs and crane barges (see 
Figure 2). Some were a total loss but others were able to go back 
into service. One ISU member also used 300 tonne pullers to pull 
a bulker which was under construction from the land to the sea. 
Operations to remove oil from casualties were also extensive.

Protecting the environment
Indeed, pollution prevention is a key role of the salvor. Shore-
based authorities increasingly have a ‘zero tolerance’ attitude to any 
pollution and a requirement of many operations is to safely remove 
all fuel oil before undertaking the salvage job. ISU collects data on 
the pollution prevention efforts by its members and each year an 
average of more than one million tonnes of potential pollutants are 
salved. Not all of that was at imminent risk of going into the sea but 
it gives a good indication of the potential risk that was averted.  

The increasing size of casualties and the problems they may 
present to port operations is a growing concern for salvors. The 
next generation of container ships with 18,000 twenty-foot 
equivalent unit capacity present huge challenges. Recent highly 
visible container ship casualties like the MSC Napoli off the UK 
coast and the Rena offshore New Zealand, presented real difficulty 
and yet were comparatively small. Giant cruise ships are a concern, 
too. The ongoing work to remove the Costa Concordia will be the 
largest operation of its kind, for example. And the new Very Large 
Ore Carriers (VLOC) of 400,000 tonnes deadweight have already 
experienced issues: the Vale Beijing suffered structural damage while 
loading at Brazil. An ISU member had to intervene and tow the 
massive vessel away from the jetty and escort her to safety in order 
to keep the ore export terminal open.

Despite the challenges, salvors are ready to intervene at short 
notice regardless of the conditions, to save life and property, to 
prevent pollution and to play their part in keeping ports open 
and operational. They also keep commerce flowing, supporting 
economic growth and prosperity.
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Introduction

This article’s main purpose is to propose a new method to support 
the establishment of a first general structural diagnosis that helps 
managers in their decision making process regarding maintenance 
on quay walls. Our approach is based on a quick and complete 
scan of the whole infrastructure through an integrated multibeam 
echosounder (MBES) and light detection and ranging (LiDAR) 
system. The result is a three dimensional (3D) model from which 
deformation maps, acoustic backscatter maps or vertical and 
longitudinal profiles are gathered. Armed with a series of these value-
added products, managers can get an idea of the overall condition of 
the infrastructure that they are responsible for. Therefore, they can 
better plan maintenance work, focus divers’ interventions and deploy 
complementary technologies only in problematic areas.

Traditionally, the inspection of underwater sections of quay 
walls is visual and/or tactile and carried out by divers. However, 
poor visibility often complicates diver interventions and results 
in longer inspection times and assessments of lower quality. In 
recent years, in response to the visibility difficulties encountered 
by divers, the use of acoustic technologies has emerged naturally. 
Several tests have been conducted using mechanical scanning 
sonars (eg. BV5000, Kongsberg MS1000), acoustic cameras 
or even underwater laser scanners. One limitation of these 
technologies is the lack of precise underwater positioning. This 
fact complicates the mosaicking of all individual images and 
scans collected and as a result the production of a global map 
of the infrastructure. Structural defects are then incorrectly 
set, global deformations are not detected and then a recurring 
inspection, which finds its added value when based on the same 
reference framework, is compromised. The Port of Montreal 
has been successful in overcoming the positioning limitation 
of a Kongsberg MS1000 mechanical scanning sonar by using a 
complex deployment strategy (see figure 1) but at the cost of a 
greatly increased inspection time. 

Whether visual or acoustic, available technologies show good 
inspection potential for the detection of rather thin structural 

defects. However, recognising their respective limitations (short 
range issues and deployment constraints), these technologies would 
benefit from being deployed only sporadically in very specific 
places of the structure where a fine inspection is necessary. This 
article proposes and seriously evaluates a new quick survey method 
for accurately highlighting problematic areas of infrastructure and 
therefore helps managers to better plan divers’ interventions and use  
most effective deployment of complementary technologies.

Like the Port of London and the Port of Marseille, the Port of 
Montreal uses a MBES system for the inspection of underwater 
sections. We improved this system by using a LiDAR for the 
inspection of terrestrial (above water) sections. The two sensors, 
when mounted on a hydrographic survey vessel, can get a full 
scan of the infrastructure. Beyond the classical 3D point cloud 
representation of the scanned infrastructure, we propose to provide 
managers with a range of two dimensional (2D) products suitable 
for informed decision making. 

Deployed system
The system deployed for the dataset capture (see figure 2) is 
composed of : a pole-mounted Reson Seabat 7125SV MBES tilted 
30 degrees on the starboard side; an Applanix PosMV320 position 
and orientation unit; a Terrapoint ALMIS-350 integrated system 
composed of a Riegl Q-140 LiDAR; a NovAtel GPS antenna, and 
a Honeywell HG1700 inertial motion unit. The lever arms and the 
mounting angles between the different sensors have been accurately 
measured by a dimensional control survey of the vessel done with a 
total station.

The acquisition of bathymetric and topographic data is planned 
using a survey simulator that allows us, depending on customer 
expectations, to determine the number of passes required, the 
distance to the infrastructure, the survey speed and the optimal 
acquisition parameters. The 3D centimetric positioning is ensured 
by real time kinematic (RTK) differential correction from a 
global navigation satellite system (GNSS) receiver located close to 
the infrastructure.

Using integrated technology  
to inspect quay walls 
Mathieu Rondeau, marine geomatics specialist at CIDCO, Rimouski, Canada, and Frédéric Pelletier, project manager within the information 
technology department of the Port of Montreal Authority, Montreal, Canada 

Figure 1: Left: deployment of a Kongsberg MS1000 mechanical scanning sonar from a telescopic boom at Port of Montreal. Right: Kongsberg MS1000 scans of quay 
wall section at Port of Montreal.
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Results and products

Following the acquisition, the bathymetric and topographic datasets 
are individually processed. The two resulting 3D point clouds are 
then merged into a unified model, see figure 3 for an example. 

The 3D model gives managers, for the first time, the ability 
to see in its entirety the infrastructure they are responsible for. 
However, the exploration of the model does not yet fit with the 
habits of managers, even those who are engineers. Most are more 
comfortable with 2D datasets. That is why, beyond the production 
of a 3D model, derivative products have been imagined. The 3D 
model can be used, depending on the specific needs, to produce a 
vertical digital terrain model (VDTM) of the infrastructure, in the 
form of a deformation map, an acoustic backscatter map or in a 
series of longitudinal and transverse profiles.

As seen in figure 3, the VDTM and even more so, the five 
colours deformation map, help managers to quickly give a first 
assessment of the infrastructure’s general state. For example, the 
images acquired will help to monitor the concrete wall resurfacing 
of a quay wall section at Port of Montreal.

Conclusion
The proposed approach suggests that prior to any intervention 
on a partially wet infrastructure (quay wall, dam wall or bridge 
pier); an initial overall structural picture should be taken at a point 
in time. This will help managers to plan maintenance programs 
and interventions, like using divers or deploying complementary 
technologies. To achieve this first diagnostic, CIDCO has proposed 
and seriously evaluated a new survey method based on a hybridised 
MBES/LiDAR capture solution to quickly obtain a complete and 
accurate 3D model of an infrastructure at a decimetre resolution. In 
light of the results obtained on several survey sites in the province 
of Quebec, infrastructure inspection companies (mainly diving 
companies) agreed that a paradigm shift is taking place and began 
to express their interest in the use of hybridized MBES/LiDAR 
capture solutions. Together with its partners, CIDCO is therefore 
seeking an effective transfer mechanism to bring new technological 
solutions and methods to the infrastructure inspection market. 

Our next initiative is the creation of an infrastructure 
inspection expertise centre in Rimouski (Quebec). The centre’s 
objectives would be to: intensify research and development efforts 
already undertaken and allow Canadian companies to remain well 
positioned on the international market; establish a training centre 
to assist companies interested in taking control of new available 
inspection equipment; develop a certification centre to assess the 
performance of new equipment and support the legitimacy of 
their use with clients. 
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Figure 3: Left:  3D model of a quay wall section at the Port of Montreal. Top right:  VDTM. Bottom right: five colour deformation map. The colour scale goes from green 
(no deformation compared to the theoretical structure’s position) to purple (more than 60 cm of gouging) and to red (more than 60 cm of protruding).

Figure 2: Left: Reson 7125 SV 30° starboard tilted. Right: CIDCO’s survey vessel.
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Since May 2011, the International Association of Ports and 
Harbours (IAPH) has helped the container handling industry to 
put focused attention on the issue of container weight verification. 
The IAPH and the International Shipping Organization have called 
for near 100 per cent container weight verification as a standard 
industry ‘best practice’. IAPH has recognised the value of container 
weight verification for both safety and operational reasons. Accurate 
container weights can help guide critical plans regarding stowage, 
and verifiable load data also serves to ensure worker safety. Lifting 
containers within an acceptable weight range also prevents 
accelerated stress on the spreader, thus extending equipment life.

The issue that organisations such as IAPH and the World 
Shipping Council have raised is not merely an academic one, 
studies of container weight indicate that there is often significant 
variation between listed and actual container weight. The problem 
is a familiar one: not everyone tells the truth about their weight, 
as the consequences of inaccurate weight can include equipment 
damage in ports, injury to workers and collapsed container stacks, 
among others.

The question is ‘how’, not ‘should’?
The general consensus has grown that universal container weight 
verification is a worthy standard, the key question has quickly 
begun to shift from whether we should we have a universal 
requirement to how we can best implement this commitment. 
Along these lines three general approaches might be possible.

The container crane option
The first possible approach is to utilise container cranes to meet 
the weighing requirement. The advantage of weight verification 
by cranes is that weighing occurs during the normal course of 
handling operations. The disadvantage of a crane-based approach 
is that weighing accuracy is only approximately 90-95 per cent, 
and cranes cannot distinguish between the weights of two 
containers when lifting in twin-mode.  Since many terminals load 
and unload container ships using twin-lift/twin-20 foot spreaders, 
the actual weight of each of these individual containers will 
remain in doubt if there is a reliance on container cranes to yield 

this data. Also, with the emergence of the mega-ship era, more 
and more terminals will be looking for productivity solutions 
that enable more containers to be handled in each lift cycle, and 
so twin-handling of 40 and 20 foot containers is likely to expand 
in the future, thus adding to the number of containers with an 
uncertain weight.

The weigh bridge option
A second option for terminals would be to meet the container 
weight requirement through the use of weigh br idges. 
Unfortunately, there are multiple weaknesses in this approach. 
Containers can be weighed from the weigh bridge, but driving 
every container onto a weigh bridge will obviously add another 
operational step, and slow productivity. It also requires, especially 
at larger and busier transhipment terminals, that considerable land 
and transit lanes be set aside for weighing activities. In addition, 
there are two weight variables on the weigh bridge – the variable 
weight of up to 300 litres of truck fuel and the weight of the 
driver. Further, as with a container crane, a weigh bridge cannot 
distinguish between the weights of two containers, and so the 
weight of each individual container will always be inexact. The 
only way to gain a precise weight is to weigh one container at a 
time, and to adjust for fuel weight and driver weight variables.

The spreader twist lock option
The third option is to ascertain container weight from the 
spreader twist locks. For container terminals, a spreader-based 
weighing approach has several key advantages. Firstly, weighing 
from the spreader twist locks yields much more accurate 
information, as container weight precision is greater than 99 per 
cent. Secondly, unlike weigh bridges or crane-based container 
weighing, spreaders weigh each container separately when 
operating in twin-lift mode. When a Bromma spreader lifts 
two 20 foot containers or two 40 foot containers at a time, the 
spreader can provide highly accurate data on the weight of each 
separate container, and without any of the variables (fuel, driver) 
associated with the weigh bridge approach. 

In addition, with a spreader-based approach you weigh 

Finding the best solution for container 
weight verification 
Lars Meurling, vice-president and marketing director at Bromma, Stockholm, Sweden

Bromma sensors make possible container weight verification within one 
percent accuracy

Bromma recommends that container weight verification be installed on yard 
spreaders
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containers from the spreader twist locks without adding any extra 
operational steps or requiring any extra space or transit lanes. 
Terminals simply log container weights in the normal course of 
lifting operations – with a warning system alerting the terminal to 
overloaded and eccentric containers. Container weight verification 
during the normal course of terminal operations is a way to 
accomplish the weighing mission without impairing terminal 
productivity, and especially at busy transhipment terminals.

Bromma technology 
There are variations in the mounting of spreader-based container 
weight verification technology. On some spreaders, such as 
those supplied by Bromma, the load cell is mounted externally, 
locked with easy access to the spreader twist locks, so that load 
sensors may be exchanged independently of the twist locks. This 
means that new load sensors are not needed when twist locks are 
periodically replaced.

Early adopters of ‘weigh while you lift’
Data is important, but collecting weight data as part of the regular 
lifting cycle, with no disruption to terminal work flow, will enable 
ports to stow containers appropriately, prevent worker injuries, 
and extend equipment lifecycles. This is why the use of spreader 
twist locks for container weight verification is on the rise. To date, 
more than 55 Bromma crane spreaders have been ordered with 
container weight verification technology in the spreader twist 
locks, including at new automated terminals such as the London 
Gateway (UK) and Trapac in Los Angeles, California (USA.) 
For many terminals, choosing to weigh containers from the 

spreader twist locks is proving to be the best way to implement 
the growing industry consensus in favour of universal container 
weight verification.
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Introduction

Container ports are a rapidly growing part of the world economy 
and currently face a number of challenges related to limited 
capacity, traffic congestion, security scanning and environmental 
pollution issues. Many terminal operators are looking for 
new technology to help them deal with these challenges. 
BEC Industries, LLC (BEC) is an engineering firm which 
specializes in machine design and development. BEC is focused 
on innovative material handling technologies for military and 
commercial applications and has developed a transformational 
material handling system that is ready for implementation into 
the container handling industry.

The BEC Goods Retrieval and Inventory Distribution (GRID) 
system is a multi-directional overhead material handling system 
which uses a pioneering overhead Transfer Unit (TU) to manage 
densely stored containers. The military application of this system 
sorts and pre-stages containers on a ship while at sea, speeding 
container retrieval and deployment. 

BEC presented the concept design for this system to the US 
military and was awarded several contracts which were completed 
successfully. Those contracts funded the development of the 
prototype and testing of the system at sea onboard a navy ship. 
BEC is now applying the GRID system to the commercial 
markets where it offers significant benefits to the container 
handling industry, as well as others. 

Current port operation challenges

Capacity issues and congestion
As container traffic increases, land shortages prevent ports from 
expanding to meet that demand. A survey of port and logistics 
studies and publications, show that worldwide port volume 
grew 12 –15 percent annually from 2006 - 2008. In addition to 
pollution, truck traffic in and out of port terminals causes heavy 
congestion on highways and freeways. State and government 
agencies like the Gateway Cities Council of Governments are 
working on action plans, including one for the I-710 corridor in 
southern California. Given capacity limitations, congestion, and 
pollution issues, utilization of land outside the immediate port area 
is being considered as a solution. Unfortunately, most ports are land 
locked for one reason or another and this is not an option. 

Pollution
The cities and residential areas around ports are suffering from 
airborne materials pollution caused by diesel exhaust from 
the yard equipment. As a result, local and state governments 
are applying pressure to clean up emissions and to ‘go green’. 
Southern California’s largest fixed pollution sources are the ports 
of Los Angeles and Long Beach, and according to the Coalition 
for Clean Air, the two million people who live within 15 miles 
of the ports face a cancer risk at least 50 times higher than 
what is considered to be safe, and an estimated 1200 people die 
prematurely every year as a result of the pollutants generated from 
the ports. In children, exposure to high levels of pollutants has 

Streamlining container handling  
with the GRID system
Brian G. Pfeifer, Ph.D., P.E, Director of Engineering, BEC Industries, LLC & Charles Benedict, Ph.D., P.E, CEO & president of BEC Industries.

Figure 1: BEC GRID system port application showing interface with a quay crane. 

Figure 2: Schematic of TU.

Figure 3: Transfer table configuration.
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been linked to asthma and bronchitis; and numerous studies have 
shown that children living near areas with high concentrations 
of diesel exhaust are more likely to suffer from decreased lung 
function. These studies have port community residents concerned 
and vocal about the effects of diesel fumes and other air 
contaminants on their health.

Container scanning
Scanning 100 percent of inbound containers has been a goal 
of the US government for some time, even though there is no 
system currently in place that can accomplish this. Port operators 
around the world are struggling to develop methods for achieving 
this objective.

The GRID system port solution
When applied to port terminal operations the GRID System 
can be integrated with the existing quay crane to address all of 
the challenges listed above. Once the container has been fed 
into the GRID system utilizing a transfer table, the overhead TU 
handles every aspect of container movement within the facility. 
As shown in the following graphic (see Figure 1), the port side of 
the GRID system operation can include movement of incoming 
or outgoing containers by scanning or detection equipment for 
security screening without halting the transportation process. 
The overhead GRID system is configured to store incoming 
containers in a dense cube for subsequent delivery directly to rail 
or truck. A warehouse area can be included to facilitate less-than-
container-load outbound shipments, and segregated inspection 
areas can be included for added safety. 

Outbound containers are handled in a similar manner. 
The GRID system allows pre-staging of the containers to 
expedite simultaneous offload and onload from and to the ship, 
significantly decreasing its berthing time.

The TU
The TU itself (see Figure 2), is essentially an under-slung bridge 
crane that is capable of moving in the X and Y direction while 
being suspended from the overhead grid. It raises and lowers 
containers with a standard spreader beam. This configuration 
provides for very dense storage and easy sorting of containers, 
similar to a Rubik’s cube. The TU can be configured to work 
automatically, semi-automatically, or manually, depending on the 
needs of the terminal operator. Multiple TUs operating in the 
GRID system provide significant throughput capability as well as 
total system redundancy. If one of the TUs needs servicing, it can 
be moved to the side while the other TUs continue. Only one 
type of equipment other than the quay crane (the TU) requires 
servicing within the terminal and overall maintenance costs at 
the terminal are reduced because of the minimal maintenance 
required by the TU.

Transfer to and from ship
The container is transferred to and from the quay crane by 
utilizing a transfer table (see Figure 3). Inbound containers are 
placed on the top table, where they are fed under the GRID 
system so the TU can lift and transfer them to the storage cube. 
Similarly, outbound containers are placed on the lower table 
where they move out from under the GRID system to facilitate 
the quay crane transfer to the ship.

Transfer to and from land transportation
Containers are directly transferred to and from rail and truck 
by extending the GRID system over the transfer area (see 
Figure 4). This procedure significantly reduces the time and 
number of container transfers required for the processes that 

Figure 5: Intermodal facility supporting port storage with the GRID System 
loading/unloading a Mag-lev system, train, and truck.

Figure 6: BEC GRID system land-based prototype.

Figure 4: Load/unload configuration.
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are used today in most ports.

Capacity and throughput
The GRID system configuration allows storage of containers 
up to seven or eight high and eliminates the need for aisles 
within the storage footprint. It significantly increases the existing 
container storage capacity of typical terminals. Throughput 
simulation studies have been conducted in conjunction with 
the Center for the Commercial Deployment of Transportation 
Technologies (CCDoTT). These studies show that the 
throughput provided with this system is significantly greater than 
that provided with conventional methods of operation.

Container management
Whether the system is configured for automatic or manual use, 
the operational controls can be integrated into existing inventory 
management and tracking systems. This provides considerable 
system improvement without requiring the operator to retrain 
employees with new management software. 

Pollution
The GRID system is completely electric and therefore it is totally 
green within the port terminal. The GRID system can also be 
used at intermodal facilities for storage and container handling 
and loading, which would reduce emissions to only those 
produced by the trucks and trains being loaded at the facility.

The system also provides an ideal configuration for utilizing 
solar energy. Solar panels can be mounted on the existing GRID 
structure to produce electricity for the operation of the system. 
This can provide a significant system advantage in areas with 
abundant sunlight. 

Container scanning
The BEC GRID system provides a means for accomplishing 
100 percent scanning without impeding the flow of containers 
through the port. This is done by placing scanning devices along 
the paths that the containers travel during normal operation. If 
a container is flagged for inspection based on the results of the 
scan, it can easily be brought to a separate inspection area. This 
scanning can be done on both inbound and outbound containers, 
addressing security concerns for customers receiving goods on 
both ends of the supply chain.

Intermodal applications 
BEC has worked with CCDoTT on intermodal operations. 
They are developing the concept of CCDoTT’s ECCO Mag-

lev System, which takes containers from the port terminal to an 
intermodal facility where the BEC GRID system will unload 
containers and transfer them to storage or directly to rail 
or truck. This design provides a valuable solution for capacity 
and throughput issues at both port and intermodal facilities. It 
addresses the critical pollution and environmental problems ports 
are under pressure to solve. Reducing diesel emissions from port-
side rail and truck operations in these congested areas is a major 
focus for CCDoTT, as well as for government and port officials 
throughout the world. 

The graphics (see Figure 5) show an overview of an intermodal 
facility. The Mag-lev system brings the containers from the port 
to the intermodal facility and returns outbound containers to the 
port. The BEC GRID system is used to unload/load the Mag-
lev, and unload/load trucks and rail. In the graphic, the transfer 
area closest to the GRID storage area is for the Mag-lev and the 
ones furthest from the area are for rail and trucks. The overhead 
grid extends the length of the rail loading zone to avoid the train 
starting and stopping while loading. This design is to reduce the 
pollution in the area.

The utilization of the GRID system in current intermodal 
facilities provides the same advantages when transferring to 
and from rail, truck, and temporary storage. Scanning devices 
can be incorporated in the intermodal facility for outbound 
containers therefore expediting container movement through 
the port terminal.

Grid system development history
The BEC GRID system was first applied to the US military’s 
needs in 2003, under a contract with the Military Sealift 
Command (MSC) for a preliminary design and feasibility study. 
Successful completion of phase one of this contract resulted in 
phase two development and testing which included fabrication 
and land-based testing of the prototype system. The system (see 
Figure 6) was built and successfully tested under a contract for 
MSC through Maersk Lines Limited. Phase three of the MSC-
funded project involved the installation of the prototype system 
on a ship and testing at sea (see Figure 7).

The system was installed on the USNS Red Cloud (see Figure 
7) during June and July of 2006 and tested at sea from August 
through September. It is designed to operate in high sea states 
(up to Sea State 5). The system was tested over a period of two 
months and found to operate smoothly under all conditions 
encountered by the ship (up to Sea State 4).

Advanced engineering development work on the system has 
been ongoing. The development includes reliability testing, value 

Figure 7: BEC GRID system sea-based prototype. Figure 8: BEC GRID system/SSRS assembled at our Tallahassee location. 
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engineering, and controls development. After removal of the 
prototype from the ship it was reassembled as a land unit and has 
been operational since July 2007 (see Figure 8).

Development status
Researchers at the University of Singapore are currently 
building a computer model of the GRID system to simulate 
the movement throughout the system and accurately quantify 
the throughput capabilities. This is being accomplished through 
funding provided by the Maritime Port Authority and the Port of 
Singapore. As can be seen, significant development and full-scale 
testing has been completed on the GRID design, and BEC is 
seeking investors/partners to assist with the next step which is to 
finalize the design and build an operational beta facility at a port 
or intermodal facility.  

Summary

The GRID system technology for movement and management 
of containers has been proven for shipboard operations and the 
incorporation of this design in port operations is straightforward. 
In summary, the BEC GRID provides numerous benefits to port 
operators. These include: two to three times the storage density of 
typical port layout; faster crane cycle times and ship load/offload 
with fewer container transfers than conventional port operations; 
increased efficiency, security and capacity without corresponding 
operating and maintenance costs. There are also environmental 
benefits including drastic reduction in air pollution from diesel 
exhaust; provision for solar panel installation and the fact that it is 
powered exclusively by electricity.
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Chemicals in containers

The problem of hazardous chemicals in shipping containers 
has become a topic of major concern over the last 10 years. 
The combination of sealed containers and long journey times 
means that hazardous chemicals can build to a level that would 
never normally be encountered in domestic or industrial 
settings. The problem is exacerbated by the massive variety in 
chemicals involved, the origin of many containers in countries 
with less strict health and safety controls, and the often poor 
documentation accompanying the containers.

It has been estimated that about 15 percent of containers 
contain dangerous levels of chemicals, with about 0.5 percent 
presenting an immediate risk to health for workers at the 
receiving port. In the past, workers unaware of the risks have 
been exposed to these chemicals over long periods of time, and 
suffered health problems as a result, such as headaches, nausea, 
dizziness, and shortness of breath.

The chemicals involved are often odourless, and fall into two 
main categories: those used to fumigate the cargo in transit, and 
those emitted by the cargo itself. Fumigants initially received 
the greatest attention due to a couple of high profile cases of 
poisoning, but further large scale studies of containers have 
shown that chemicals from cargo are of equal, if not greater, 
concern.

Fumigants
Regulations laid out by the United Nations under ISPM15 
stipulate that containers carrying certain types of materials 
(eg. wooded packaging and dunnage) should be fumigated to 
control the spread of pests and diseases. Although a relatively 
small percentage of containers are actually fumigated, those that 
are can present a serious health hazard, due to the toxicity of the 
chemicals involved, combined with the high levels needed for 
effective treatment. Alternatives to fumigation such as oxygen 
depletion and heat treatment are available, but may be more 
expensive or not appropriate for the type of cargo.

Thankfully, this situation is now starting to change in 
some countr ies at least, with ports routinely monitor ing 
suspect containers, and passing on any costs associated with 
decontaminating the container back to the importer. Four main 
fumigants are of concern, though of course other pesticides 
may have been applied to foods before loading into the 
container. Methyl bromide was for a long time the fumigant 
of choice due to its ease of dispersion and effectiveness. 
However, it is also a potent ozone depletant and greenhouse 
gas, and is now banned in the European Union (EU), although 
it remains permitted for the treatment of solid wood packaging 
in ISPM15-compliant countries elsewhere. Phosphine is the 
major alternative to methyl bromide, and is typically supplied 
to the container as aluminium phosphide, a solid chemical that 
reacts with the water in the atmosphere to produce phosphine 
gas. In addition to gas remaining in the container upon arrival, 
the aluminium phosphide can fail to react completely during 

the voyage, leading to the production of large amounts of 
phosphine upon cleaning the container. Sulfuryl fluoride was 
little-used in the past, but appears to be undergoing a revival 
following the banning of methyl bromide. Chloropicrin is 
a pesticide in its own right, but is usually used with methyl 
bromide or sulfuryl fluoride to enhance effectiveness, and as a 
warning agent due to its pungent smell.

Chemicals emitted by the cargo
A massive variety of chemicals are used in the production of 
consumer goods, and over the past couple of decades releases of 
residual chemicals from products 'material emissions' has received 
increasing attention from the public and governments. In many 
countries, legislation is now coming into force that places the 
onus upon manufacturers to prove that their products do not 
emit harmful levels of chemicals, such as the Construction 
Products Regulation (CPR) in the EU.

Products intended for indoor use are of particular concern, 
especially with the rise of energy-efficient draught-proofed 
buildings with lower rates of air exchange that allow levels 
of chemicals to build up. Similar logic applies to the air in 
containers, but in this case the problem is multiplied by the 
large number of products often fresh off the production line, and 
therefore emitting high levels of chemicals. 

Goods where glues or solvents are used in the manufacturing 
process are a particular concern, for example shoes and 
electronics. Chemicals of particular concern include low-boiling 
hydrocarbons such as benzene and toluene, and chlorinated 
solvents such as 1,2-dichloroethane. These are generally less 
acutely toxic to humans than fumigants, but can nevertheless 
be harmful. In particular, there is very little information on the 
hazards posed by long-term exposure to low levels of these 
chemicals, or on possible additive effects from simultaneous 
exposure to multiple chemicals.

What can be done?
Ports are already taking action on the above issues, with useful 
advice now available for port operators (see www.tgav.info). 
Actions include minimising the problem at source by reaching 
agreements with suppliers or importers, carrying out checks on 
containers deemed to be ‘at risk’, and educating port staff about 
the risks of opening containers and the signs of the presence of 
hazardous chemicals.

Despite these developments, it is likely that chemicals in 
containers will remain a hazard in a significant minority of 
containers for the foreseeable future, given the difficulties 
involved in implementing alternatives to fumigation and the 
ongoing issue of material emissions.

However, despite these complexities, there is one aspect that is 
straightforward – namely, the only way to be sure that a container 
is safe is to measure the chemicals inside it. But what’s the best 
way of doing this?

Chemicals in containers  
– problems and risks 
Caroline Widdowson, Material Emissions Specialist, Markes International
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Measuring chemicals
There are several methods to determine levels of chemicals in 
containers, and these range in cost and usefulness. Unfortunately, 
there is no perfect solution, so in many cases one or more of 
these methods will need to be applied.

Photo-ionisation detectors (PIDs) are handheld devices 
that provide a quick response for a limited number of chemicals, 
including methyl bromide and phosphine. However, they cannot 
detect chloropicrin, sulfuryl fluoride or 1,2-dichloroethane 
(amongst others), and are non-selective for hydrocarbons, so 
always need to be used in conjunction with other methods.

Gas detection tubes are glass tubes filled with a material 
that changes colour upon exposure to a particular chemical. 
The extent of the colour change provides a measure of the 
concentration of the chemical, but this is only approximate, 
and varies depending upon environmental conditions. Tubes 
are available for a range of the most commonly encountered 
chemicals. 

Selective-ion flow-tube mass spectrometry (SIFT-MS) 
is emerging as the method of choice for rapid detection of 
fumigants from containers, as it is fast and provides a reasonably 
accurate indication of the amount of chemicals involved. 
Individual chemicals, on the whole, give distinctive ‘signatures’, 
and so comparison with a database allows identification. 
Detection limits have fallen in recent years, and are now well 
below those specified for human health. The equipment is 
relatively bulky, but can be housed in a mobile laboratory. 

Thermal desorption–gas chromatography–mass 
spectrometry (TD–GC–MS) is long-established and popular 
amongst analysts for detection of gases and vapours in a wide 
variety of situations. The air from the container is collected 
in a gas sampling bag, canister or sorbent tube, and then sent 
to a laboratory for analysis. Detection limits, as for SIFT-MS, 
are well below those prescribed, and massive libraries of data 
are available that allow identification and quantification of just 
about any chemical (although phosphine is tricky, and requires a 
modification to the analytical method). This makes it well-suited 

TD–GC–MS is widely recognised as the gold standard for analysis of gas 
samples.

Canister sampling in conjunction with thermal desorption is a powerful sample 
concentration technique for GC–MS.

Sorbent tubes are a convenient way of sampling vapours for analysis by  
TD–GC–MS. 

Canisters complement sorbent tubes for analysis by TD–GC–MS by extending 
the range of compounds that can be detected.
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for the comprehensive analysis of materials – for example when 
dealing with new types of cargo or suspect containers, which 
may contain chemicals not present in a SIFT-MS library. The 
widespread use of GC–MS by analysts also makes it ideal for off-
site confirmation of measurements, routine calibration of other 
methods, and research-level investigations, such as those into the 
efficacy of container ventilation prior to opening.

Container decontamination
With knowledge about the contents of the container in hand, 
the next step is simple at least in principle – ventilation to 
remove the chemical hazard. However, information remains 
limited about how effective this is, and if levels of chemicals 
are particularly high, then it may be necessary to take a second 
measurement after ventilation. In many cases, the levels of 
chemicals can be reduced to below the level that is hazardous 
to health, but in the case of material emissions, the problem may 
arise again when the product arrives at its final destination (eg. in 
someone’s home). This issue of chemical emissions indoors is one 
that continues to receive a great deal of attention.  

Conclusion
Eliminating hazardous chemicals at their source is clearly the 
ideal solution in any situation where risks to health are apparent. 
However, the complex networks of suppliers involved in the 
manufacture and supply of goods in the modern world mean 
that this option is not easy to apply to container shipping. Port 
managers therefore have to take the next-best option, that of 
reducing the risk to their staff as far as possible. This requires both 
constant awareness of the dangers, and a dedicated approach to 
monitoring levels of chemicals and taking the necessary action to 
decontaminate the cargo.

The difficulties involved in obtaining accurate and reliable 
information about the nature of the chemicals in containers 
– and the levels that are safe – means that it is wise to seek 
specialist advice on the best detection methods to use. 
Depending on the situation, multiple detection methods may be 
needed. For example, it is wise to regularly validate quick ‘point-
and-click’ techniques with more robust methods.

The growing and widespread awareness of the dangers posed 
by hazardous chemicals at home and in the workplace will likely 
continue to drive the development of methods for detection of 
chemicals in containers. As well as engaging with suppliers to 
eliminate the problem at source, port managers would do well to 
consider the options for monitoring container air and minimising 
the risk to their workers by exposure to hazardous chemicals.

ABOUT THE AUTHOR

Dr Caroline Widdowson, Material Emissions Specialist at 

Markes International 

ABOUT THE COMPANY

Markes International, headquartered in Llantrisant, South Wales, is a 

manufacturer of thermal desorption instruments, which concentrate trace-level 

chemicals in air or gas streams for detection by gas chromatography. Markes 

has been at the forefront of innovation in this field for 15 years, and is now 

involved in markets ranging from the monitoring of hazardous chemicals in 

urban air to ensuring compliance of consumer products with the increasingly 

strict regulations for chemical emissions. Markes’ portfolio of products also 

includes numerous sampling accessories, and the widest range of consumables 

on the market.

BIOGRAPHY

Caroline Widdowson is a Material Emissions Specialist at Markes International. 

Her work involves focusing on industry emissions testing and the corresponding 

regulations and test methods. This includes collaborating with regulators and 

standards agencies around the world to create innovative and simple solutions 

for carrying out chemical emission tests.

ENQUIRIES

Markes International, Gwaun Elai Medi Science Campus, Llantrisant,  

RCT, CF72 8XL, UK.  

Tel: +44 (0)1443 230935.  

Email: enquiries@markes.com.  

Web: www.markes.com

48   PORT TECHNOLOGY INTERNATIONAL www.porttechnology.org

CONTAINER
HANDLING



Drum brakes or disc brakes (see figure 2 and 1) are well known 
worldwide. The  simple and effective functionality of these brakes 
ensures a high level of  safety at a favorable price-performance ratio 
if the brakes have been correctly dimensioned. 

The actuation of such brakes is mainly done by an electro 
hydraulic thruster according to the German industry standard  
DIN 15430.  Unfortunately, this simple brake system   has  only one 
function-related defect, especially when used for hoists in cranes: 

The dead time
Due to the functioning  of the electro-hydraulic lifting device 
(thruster), you have to calculate with a dead time (reaction time) 
for emergency braking. The dead time describes the period from 
the moment of actuating the mechanical friction brake until its 
effectiveness.  

Effectiveness of the brake means that only at that precise 
moment when the  brake torque is effective, the brake shoes 
rub on the brake drum or brake disc. The produced mechanical 
energy is converted by friction in the friction layer into heat.  
This created friction energy in the friction layer changes the 
physicochemical properties of the friction pairing, especially the 
brake lining itself. 

As a consequence and provided that certain safety limits are 
observed (contact pressure, temperature of the friction layer, 
sliding velocity) a certain friction coefficient, generally known as 
μ

dyn
 will result. 

Of course, not all maximum values may occur simultaneously, so 
that the specific friction energy for organically bound brake linings

of    = 400 - 450 W / cm ² should not be exceeded.
Exceeding the individual limits or even more is not allowed 

and will inevitably lead to a significant reduction of the friction 
coefficient. A  failure of the brake could be the result. 

The earlier a hoist brake  works the smaller the over speed will 
be, i. e. the rotational speed at the beginning of braking. 

Using the example of a speed course of a hoist with a load 
during the lowering you will recognize the significance and 
influence of dead time on the braking process.

At the time when the emergency stop braking or emergency 
braking should apply 1, the motor  will be normally turned of 
(disconnected from the power supply). From this point  until the 
effectiveness  of the mechanical braking 2, the lifting capacity 
accelerates the speed of the hoist. 

The longer the dead time, the higher the over-speed and thus 
the speed at the start of braking will be. 

The period from releasing the brake until standstill is called 
braking time. 

If it was possible to shorten the dead time and thus minimise 
overspeed, the brake time and energy could be reduced as well.”

 So far, braking was always triggered by having the thruster off, 
as well as the lift motor. Due to the coasting of the impeller with 
the rotor of the thruster motor, time passes until the application 
of the brake. Usually,  300-500 ms pass. 

If an emergency stop has been carried out, a local overload of 
the brake lining happens especially if the brake shoes show a bad 
contact pattern. 

This creates a local burning of the brake lining and friction 
carbon will be the result.  

Furthermore, an abrasive brake shoe, due to non-equal lifting, 
could cause a thermal overload, before a braking operation is 
performed. Thus, an equal lifting of the brake shoes is absolutely 
necessary   for a good functionality of the friction brake. 

An example will be used to describe the catastrophic effects of 
a grinding brake shoe when a friction brake is lifted. 

Assumption:
1.) The slight grinding stress of a brake lining would cause a 
braking torque of 100 Nm.
2.) The speed of the brake drum  or brake disk would be  
1500 rpm. 
3.) The friction energy will result to: 

Difference between dynamic and static 
coefficient of friction 
Dr. Eng. Römer

Figure 1: An example disc brake.

Figure 2: An example drum brake.

q.
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Pfric = Tgrind x � 
Pfric = 15,7 kW = Heating power for a family house during 
winter (-20°C)

At this energetic load the gr inding brake lining wears 
extremely quick (within a few days only) so that the residual 
stroke of the thruster comes to zero. The brake spring can no 
longer support itself on the brake shoes and the brake torque is 
no longer available. 

Using a synchronous releasing mechanism and a correct assembly 
of the brake guarantee an equal lifting gap at the brake shoes. 

High-tech friction brake
Through a special control of the electro-hydraulic thruster, the 
dead time of 300 - 500 ms will be  reduced now to  150 ms 
only,  independent of the load acting on the thruster. 

The speed development in a lifting mechanism is clearly shown  
in figure 3.

This brake system coupled with an uninterruptible power 
supply allows an emergency stop braking, for example due to 
power failure, and the controlled setting down of the lifted load 
within the next 10 - 15 minutes.

This brake system coupled with an uninterruptible power 
supply allows an emergency stop braking, for example due to 
power failure, and the controlled setting down of the lifted load 
within the next 10 - 15 minutes.

Difference between dynamic and static 
coefficient of friction
In Mechanics you hear talking about static friction coefficient > 
coefficient of sliding friction. This statement applies to the use of 
natural materials only.

The organically bound brake lining is a specially developed 
material, which generates an acceptable higher friction coefficient 
of normally μ

stat
 = 0.4, even at higher sliding speeds, higher 

temperatures and large surface pressure. A stop brake always 
generates heat by friction. For this type of braking the dynamic 
medium friction coefficient μ

stat
 = 0.35 to 0.4, indicated by 

friction manufacturers, applies. 
However, frequency-controlled drives have lately been used 

during the recent years to an increasing extent. As a consequence 

the friction brake operates only as a holding brake. In these cases 
no friction will be produced so that the static friction coefficient 
will be considerably lower than the dynamic friction coefficient

μ
stat dyn

This low static coefficient of friction is unfortunately frequently 
ignored when calculating a holding brake or it will be mistaken 
with the dynamic coefficient of friction, so that, under certain 
circumstances, the load is possible to slip if the brake has been 
calculated to small.

A secure holding torque - but how to 
realize? 
The calculation of a friction brake regarding its holding function 
during standstill could be described as follows: 

Required holding torque = TMn

TMn = nominal torque of the hoist motor

For such a calculation you have to consider that after each 
emergency stop or shut down braking with lowering full or 
partial load, several simple brakings without load have to follow 
in order to remove possible friction carbon in the friction layer or 
on top of the brake drum or  brake disk respectively. 

In addition it is possible that a 2nd brake spring, which only 
switched on at zero speed, compensates the smaller static friction 
by a higher contact pressure. 

Monitoring systems for friction brakes
Changes in the brake behavior of mechanical friction brakes 
could be detected early  for stop-brakes as the braking distance 
was getting more and more longer. However, holding brakes hold 
or not. An early detection of this complicated situation is very 
difficult. For this reason it is advisable to monitor and control the 
brake constantly regarding its functionality.

A limit switch should monitor the position of a brake sending 
the signal to the crane operator:

Limit switch 1: "Brake open"
Limit switch 2: "Brake closed"
Limit switch 3: "Readjust brake": 

Figure 3: Diagram of dead time impact on braking process.
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Particularly Limit switch 3 “Readjust brake” has proven to be 
especially important and appropriate. 

There is nothing worse for a spring applied friction brake, 
than the missing of  the required residual stroke of the thruster. 
At the moment, the spring force of the brake spring cannot 
be transmitted to the brake shoe and the brake is without any 
function. Such a situation can be avoided if the limit switch 
“Readjust brake” signals the need of service. 

When using older brakes it can happen that the pin joints are 
getting stiff. The result is that the brake applies and lifts more slowly. 

If now the movement speed of the lever, to which the brake 
spring and also the thruster are connected, is getting slower, you 
could measure the changed speed in conjunction with a linear 
device and compare the set value by using a PLC control system. 

Now if the actual value is considerably different from the set 
value, the crane operator gets an respective signal. 

With todays storage technology it is very easy to store the 
measured values and to notice a time related deviation of certain 
set values. 

An extension of such a surveillance system would allow to 
transmit signals via Internet to client-oriented service networks. 

Few additional features are required to control the temperature 
of the thruster, speed of the brake drum during an emergency 
brake or the number and frequency of dynamic brakings. 
These values could be sent to authorized service points by data 
communication, too. Data communication by multi-channel 
systems or by radio do not pose a particular problem today. 

Automated systems like cranes cannot be operated safely anylonger, 
if the operating systems are not controlled an surveilled sufficiently.

One major dammage could exceed the costs by multiples of 
a high tec brake system which could save lives, time and money.  

A danger detected is a danger less!
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“Apart from investing in port infrastructures, 
Thessaloniki Port Authority SA is also 
implementing an investment plan for the 
acquisition of new, efficient and technologically 
advanced cargo handling equipment.”
‘Port of Thessaloniki: A new investment era’, page 58.

Dry Bulk and 
Specialist Cargo 
Handling



Krishnapatnam Port Company Ltd (KPCL) is a new generation 
world-class port with outstanding services, facilities and state-of-art 
infrastructure. It is situated on the east coast of India, 180 kilometres 
north of Chennai city in Nellore district of Andhra Pradesh. Its 
strategic location makes it a port of choice for international cargo 
originating from and destined for southern and central India. 

This first private green field all-weather deep-sea port with 
round-the-clock operations currently has 10 operational berths 
and a deep draft of 18 metres alongside the berths – the deepest 
offered by any port in India. The port also provides the fastest 
turnaround time for all types of vessels which is made possible 
by its 13 shore cranes with a discharge capacity of 750 to 1,000 
measurement tonnes (MT) per hour per crane. Its single window 
clearance system provides end-to-end services from stevedoring 
to custom documentation enabling it to optimally use its massive 
back up area of 6,500 acres, which houses dedicated coal storage 
plots that are well connected with dedicated coal sidings.

The throughput of the port includes coking coal, met coke, 
pet coke and steam coal. Its integrated real time control of cargo 
handling through automatic vehicle location system (AVLS) and 
enterprise port management system (EPMS) enables it to also 
handle all types of cargo as well as coal, making the port a class 
apart on the Indian east coast. Krishnapatnam port has the ability to 
handle general/container, dry-bulk like barytes, coking coal, edible 
oil, fertilisers, granite, gypsum, iron ore, met coke, palm kernel, pet 
coke, quartz, raw sugar, rock phosphate, steam coal, oversize and 
over dimensional cargo and agri-cargo like maize and rice.

Krishnapatnam Port has always strived to offer world-class 
services and facilities. In a short span it has not only matched the 
standards of the Indian maritime industry but has created a mark 
that is uniquely different from the rest of the ports in India.

Massive investments
In the past year, a massive financial investment has allowed huge 
capacity to be added to the port. Two new berths have been 
added, the draft increased from 16.5 metres to 18 metres, and an 
addition of 375 acres of yard. New railway infrastructure has been 
developed, bringing 13 loading/unloading lines and a further 40 
kilometres of track length and the electrification of 10 kilometres 
of lines. New roads have also been constructed inside the port. 

In order to boost efficiency, four new ship unloaders and 
four new Keppel Fel cranes have been installed. Five new super 
post-panamax quay cranes and two mobile harbour cranes have 
been also been added. Four new bagging machines for fertiliser 
have been introduced, bringing the total to 20 machines, with a 
capacity of 42,000 MT automatic bagging a day. 

A new agri-commodity warehouse was commissioned taking 
the total to 12 covered storage areas. An efficient warehouse 
management system has been implemented to aid the smooth 
functioning of warehouse-related activities. A direct pipeline from 
berth to all eight edible oil refineries outside of the port has been 
provided. Dedicated storage facilities are provided to customers as 
well as bonding and de-bonding facilities set-up as required. 

Mechanisation of fertiliser handling is available, a hopper system  
for agri-cargo now increases the load rate from 5,000 MT to 

10,000 MT per day of load rates and electrical power connection 
to main substation (132/33KV). This means that the port can 
now handle 50 million tonnes of cargo.

Record breaking achievements
Though the port is in its initial years of operation, it is already 
setting various benchmarks. Within the last year, the port has 
made many achievements. Its highest discharge rate of met coke 
was 14,029 MT in 24 hours and it recently loaded 3,960.38 MTs 
of steam coal by conventional method in 59 wagons in just 30 
minutes creating an internal record in operational management. 
KPCL set a new record by looking after the largest parcel size 
of bulk cargo handled by any port in India when cape vessel 
‘MV. Wisdom of The Sea 1’ berthed in November 2011 carrying 
166,060 MTs of non-coking coal.

The port achieved an impressive feat by unloading 90 
containers in just 9 minutes in November 2011. The total time 
taken from the arrival to the departure of the rake was only 27 
minutes. In January 2012, an internal record was made by loading 
3,960.38 MTs of steam coal in 59 wagons in just 30 minutes.

KPCL discharged a record 559 MT per hour of crude 
sunflower oil. A total of 6,983.069 MT was discharged in just 
12 hours and 30 minutes. In April 2012 KPCL created an 
internal record by loading 8,518.19 MTs of granite within 24 
hours. The port also set a world record for discharging 122,247 
MTs of steam coal from in just 24 hours using the conventional 
unloading system in the form of advanced mobile harbour cranes. 

Krishnapatnam Port created a port railway record by handling 
323 rakes in August 2012 with the total of coal rakes handled in 
August being the highest at 248 and the total cargo handled is the 
highest at 1.12 million tonnes in a month. Export of wheat has 
also started with the first vessel loading with a quantity of 28,345 
MT. Krishnapatnam Port container terminal also received its first 
ever dedicated feeder service from The Bengal Tiger Line’s stable 
in September 2012

Krishnapatnam Port,  
the coal hub of India 
Krishnapatnam Port, India

Krishnapatnam discharged 122,247 Mts of steam coal in just 24 hours -  
a world record
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Quality matters
As well as these impressive records of efficiency and speed, 
KPCL also believes in quality and has received certificates for an 
integrated management system comprising of ISO 9001-2008 
quality management system, ISO 14001-2004 Environment 
Management System, OHSAS 18001- 2007 occupational health 
and safety management system and ISO 28001-2007 supply chain 
security management system by Det Norske Veritas which very 
few ports in the world has able to achieve. 

New possibilities
The Mediterranean Shipping Company (MSC) has now started a 
fixed day call at Krishnapatnam Port Container Terminal (KPCT) 
on a weekly basis with a port rotation of Colombo-KPCT-
Chennai-Colombo. With its new service at KPCT, it will cater 
to both export and import sectors of Europe, North and South 
America, east and South Africa, north and west Africa, the Red 
Sea and Gulf, Far East and China, Australia and New Zealand. 

With the availability of empty equipment for dry and reefers at 
KPCT, the trade can take advantage of both organic and strategic 
growth in the region. With the opening of the MSC service, 
importers and exporters in the surrounding region will enjoy 
the benefits of the reduced transportation cost of containers. 
MSC’s weekly service will especially benefit exporters of tobacco, 
granite, rice, cotton yarn, minerals, and importers of scrap, waste 
paper, pharmaceuticals, machinery, and timber. 

Special facilities and expertise
Krishnapatnam Port equally offers advantages for handling coal, 
something which the other age-old ports in India have not been 
able to do so from so many years. As an all-weather port with 
365 days of operations, it has capability to handle capesize and 
panamax vessels leading to significant benefits in ocean freight. 
It offers high discharge rates leading to faster turnaround of 

vessels. Its huge hinterland comprises of Andhra Pradesh, Eastern 
Karnataka, South Eastern Maharashtra and Northern Tamil Nadu 
can easily rely on the port’s backup area of 2,630 hectares. The 
port has dedicated coal storage plots which are supported by 
dedicated coal sidings. From end-to-end services of stevedoring 
to custom documentation, and with no inconvenience of multiple 
interfaces, minimal dependency and risk of labour unions, 
the port provides round-the-clock support with customised 
solutions. As compared to the nearby ports, Krishnapatnam Port 
has minimum pre-berthing delays and provides low chance of 
demurrage. Its three-tier security protection guards and protects 
the port and its cargoes. 

Next phase of developments
Currently, the second phase of this huge development is 
underway. This will increase container berths, with the 
construction of seven more, and result in the terminal capacity 
being increased to 4.8 million twenty-foot equivalent units 
(TEU). The yard capacity will be further increased to 40,000 
TEU. Dredging will give a draft of 19.5 metres. The road will 
be upgraded from four to six lanes and additional cargo-wise 
railway sidings will be developed. Further ship loaders and 
unloaders, conveyers, stackers, reclaimers, wagon loaders and 
tipplers will be introduced. An integrated logistics park will be 
created within the port

Such facilities will enable the port to become the coal hub of 
India as in the future it will be handling nearly 80 million MT of 
coal, of which about 60 million MT is required for huge power 
plant projects that are coming up around Krishnapatnam Port. 

Taking corporate social responsibility seriously
Along with economic development Krishnapatnam Port 

also believes in balanced and sustainable development with 
the surrounding environment. The port conducts corporate 
social responsibility activities as part of its commitment to the 
community and has taken up several socio-economic growth 

Krishnapatnam Port plans to have a handling capacity of 200 million MT per year with 42 berths in the future.
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initiatives besides other clean and green measures. It has 
rehabilitated and resettled local fishermen by building them 500 
houses with green belt zones around them. It runs 27 schools in 
nearby villages along with providing hostel facilities for college 
students at Nellore. The port has also constructed a retirement 
home and conducts medical camps at nearby villages. New 
saplings have been planted, with more to come in and around the 
port area. Krishnapatnam Port has the potential to generate almost 
150,000 jobs (direct and indirect) leading to the economic and 
social development of the region.

Future plans
Krishnapatnam Port’s final plan will have a handling capacity of 
200 million MT per year with 42 berths. The total quay length 
will be 12.5 kilometres with a draft of 20 metres, capable of 
handling 200,000 deadweight tonnes (DWT) super capesize 
vessels. It will have a mega container terminal, ro-ro terminal, 
liquid bulk terminal, world class bunkering, rig repairing and 
offshore facilities. It will play a catalytic role in bringing about an 
industrial revolution in its hinterland by becoming the gateway 
for exports from and imports to special economic zones, logistic 
parks, cement, steel and thermal power plants.

Krishnapatnam Port has just set sail and is already creating ripples 
in shipping circles around the world. This has only been possible 
due to its skill of building and operating the port to a very high 
standard giving the utmost value to all its customers. Its belief in 
innovating, improving and adapting to the needs of its customers 
is the successful formula in making it India’s biggest multipurpose 
port with an infrastructure and logistic setup of international calibre. 
In time to come, Krishnapatnam Port will be India’s largest port 
and will drive the economic growth of its region. 
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Changes in the port industry
Radical changes in the world economy, and consequently 
in global transport systems, have altered the operational, 
organisational and, in some cases, ownership status of the port 
industry. Ports have become a capital intensive competitive 
industry, playing a crucial role in world trade, and by extension, in 
the world economy. 

In the case of European ports, two different approaches 
emerged in recent years. On the one hand, north European 
ports adopted new organisational models to increase their 
competitiveness, effectiveness and their ability to adapt to a 
speedily changing economic environment. On the other hand, 
south European ports took longer to adapt than their north 
European competitors. Spain, Italy and Turkey are among the 
countries that made reforms with positive results and an increase 
in their competitiveness.

The case of Greece
Greece has been a quite different example. The attempts to follow 
the changes that occurred in Europe and elsewhere were delayed, 
even in comparison with other Mediterranean and south-east 
European countries. The Greek state proceeded with a reform 
of the national port policy aiming to alter the Latin tradition 
of state-owned comprehensive port organisations a decade 
ago. This resulted in the transformation of 12 Greek ports of 
national interest to state-controlled autonomous companies. Two 
companies, Thessaloniki Port Authority SA and Piraeus Port 
Authority SA have been listed on the Athens Stock Exchange 
since 2001 and 2003 respectively.

Greek ports face increasing competition from other ports in 
the region, as the last few years non-Greek ports invested heavily 
in new infrastructures and superstructures usually with the 
participation of private funds. Moreover, Greek ports, especially 
Piraeus and Thessaloniki, lost a significant part of their throughput 
due to port labour protests that lasted almost two years – back 
in 2008 and 2009 – as trade unions resisted the government’s 
intentions to proceed with a concession of the Thessaloniki 

container terminal and Pier II of Piraeus container terminal. The 
result of the process was the concessioning of pier II of Piraeus 
container terminal to COSCO Pacific for 35 years. In the case of 
Thessaloniki, delays, and the insecurity produced by the financial 
crisis of 2008 resulted in the decision of the nominated winner of 
the tender to withdraw its interest.

The port of Thessaloniki
Thessaloniki port is the second biggest in Greece, after Piraeus. 
The port facilitates all kinds of cargo (dry bulk, general, liquid 
bulk, containers, Ro-Ro) as well as passenger traffic (ferry and 
cruise) but mainly it facilitates dry bulk and general cargoes. In 
2011, the port of Thessaloniki handled 295,567 twenty-foot 
equivalent units (TEUs), 6,095.321 tonnes of liquid bulk cargoes, 
3,592.957 tonnes of dry bulk cargo, 4,020.035 tonnes of general 
cargo and 64,800 passengers. About 46.28 per cent of the vessels 
that entered the port in 2011 were dry bulk carriers and general 
cargo vessels and 33.5 per cent of the total port throughput was 
dry bulk and general cargo (44.46 per cent liquid bulk and about 
22 per cent containerised cargo).  

It has six piers with a total quay length of 6,200 metres and 
a sea depth ranging from eight to 12 metres. The storage area 
consists of open and indoor areas with a total surface of 600,000 
square metres. The port is divided into three terminals: the 
passenger terminal which facilitates ferry and cruise ships; the 
container terminal which is equipped with two panamax and two 
post-panamax cranes; the dry and general cargo terminal which 
is equipped with 44 rail-mounted gantry cranes with a capacity 
of up to 40 tonnes and two mobile cranes with a capacity of 100 
tonnes. 

The dry bulk and general cargo terminal is made up of piers 
four and five and the eastern part of pier six (dock 24). Dock 24 
is the locomotive of the terminal as it facilitates about 40 per cent 
of the port’s dry bulk and general cargo traffic. It is equipped with 
six rail-mounted gantry cranes with a capacity of 40 tonnes (four 
of them) and 32 tonnes (the remaining two) and has a length of 
640 metres, a width of 160 metres and a depth of 12 metres. 

The port’s major hinterland is the southern Balkan area. 

Port of Thessaloniki:  
A new investment era 
Dr George Vaggelas, advisor to the president and CEO of Thessaloniki Port Authority SA and research fellow at the University of the Aegean, Greece

Aerial view of the port of Thessaloniki. 
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More specifically, the port facilitates the trade of north Greece, 
the majority of the Former Yugoslav Republic of Macedonia’s 
(FYROM) trade, as well as a small amount of cargo destined for 
or coming from south Bulgaria and south Serbia. In 2011 out 
of 4,597.672 tonnes of general and dry bulk cargoes, 2,134.692 
tonnes were from or destined to FYROM, thus enterprises 
from this country are among the major users of the port of 
Thessaloniki. The port of Thessaloniki is the only port in Greece 
which is directly connected with the national rail network while 
it is a node in the Pan-European Corridors IV and X.

Thessaloniki port is investing in its future
The port of Thessaloniki faces increased competition from 
neighbouring ports (for example, Durres in Albania, Bar in 
Montenegro, Burgas in Bulgaria) serving the same hinterland. 
In an effort to maintain its market share and to gain back the 
cargoes that were lost during the turbulent period 2008-2009, the 
port authority developed an investment plan. This will modernise 
the cargo handling equipment at the port and expand the port’s 
infrastructure, mainly at the dry bulk terminals (as well as at the 
container terminal). Given the magnitude and the scope of the 
planned investment, the port of Thessaloniki will eventually 
increase its competitiveness and maintain its leading position as 
the main gateway port for the southern Balkan area.

Improving infrastructure at the dry bulk 
terminal
The strategic port infrastructure development plan of the port 
authority is based on the expansion of the port’s pier six. The port 
authority aims at expanding the eastern part of the pier which 
is the main dock (number 24) of the port that facilitates dry 
bulk cargoes and mostly coal and mineral ores. It facilitates bulk 
carriers up to handymax class although panamax class vessels (not 
fully loaded) are not rare. The expansion will result in a new dock 

of 300 metres in length, 160 metres wide and, most importantly, 
a depth increased to 16 metres, giving the ability to the port of 
Thessaloniki to facilitate cargo ships with a capacity up to 80,000 
deadweight tonnes (DWT). The project is nearing the end of 
feasibility and environmental studies and an international tender 
for the selection of the constructor will commence in early 
2013. The estimated budget is €50 million without including the 
additional investment on new cargo handling equipment to equip 
the expanded part of the dock, with the necessary funds coming 
from the port authority’s equity capitals. The project is of vital 
importance for the port as it will give a competitive advantage 
comparing with its main competitors (and especially Durres 
which experiences depths up to 9.9 metres with the exception 
of one dock which has a depth of 11 metres). Moreover, it is 
expected to increase the port’s capacity for dry bulk cargoes by 
45 per cent. The ability to facilitate ships up to 80,000 DWT 
will give shippers the potential to decrease the transport cost per 
tonne of cargo, thus making the port more attractive. 

The future plans of the port authority include further dredging 
works around pier five (docks 20-22) in order to increase the 
operational depth (now ranging from 9.5 to 12 metres) by one 
metre. Pier five is planned to be used only for steel products 
(metal shall, steel plates, coils etc.) and this will become a 
specialised terminal, which should increase the productivity and 
attract some steel products shipments that now are handled by 
dock 24 (which will then facilitate only dry bulk cargoes). This 
specialisation will be helped further by the rearranging of cargo 
handling equipment.  A rail-mounted gantry crane of 15 tonne 
capacity will be moved from pier four to pier five and a new 
one will be ordered to further reinforce the docks of pier five. 
Also, it is worth mentioning that the free zone of the port will 
be expanded 7.5 hectares for the storage of dry bulk cargoes. This 
will ensure that the port will be able to cope with the expected 
increase in the dry bulk traffic in the years to come.

Additional investments are also planned in infrastructures at the 
port of Thessaloniki, apart from those in the dry bulk terminal. 

Dock 24 of the port of Thessaloniki
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The major one is the expansion of the container terminal (eastern 
part of the sixth pier) by 500 metres in length and 365 metres 
in width. The new dock will be a depth of 16 metres and able 
to facilitate new panamax container vessels (capacity up to 
14,000 TEUs). The project awaits the green light from the Greek 
government in order to start the construction works. 

Modernising handling equipment
Apart from investing in port infrastructures, Thessaloniki Port 
Authority SA is also implementing an investment plan for the 
acquisition of new, efficient and technologically advanced cargo 
handling equipment. Since 2010, the port has been equipped 
with a new mobile harbour crane with a capacity of 100 tonnes 
as well as with a variety of machinery for the handling of dry 
bulk cargoes. The cost of this equipment has reached €7 million. 
Another tender for the acquisition of a new rail-mounted gantry 
crane (40 tonne capacity) is also underway and the expected 
delivery time is the third quarter of 2013, at a cost of €4.5 
million. The new crane is destined for dock 24, further increasing 
the dock’s ability to handle dry bulk cargoes. In the next five 
months, the port authority will launch a new tender for two new 
rail-mounted gantry cranes of 40 tonnes, with an estimated total 
cost of €10 million. One of them is going to equip dock 24 while 
the other will be placed in pier five. Parallel to these purchases, 
the port aims to further strengthen the handling equipment of 
the dry bulk terminal with the supply of excavators, three new 
bulldozers with a capacity of 5 cubic metres, more trucks, 12 
crane grabs and two train wagon tractors. In total, the investment 
plan for dry bulk cargo handling equipment for the period 2010-
2013 is expected to reach €22 million.

Always thinking of the environment, safety 
and security
Apart from reinforcing the infrastructure and cargo handling 
equipment, the port authority continues to pay considerable 
attention to the protection of the environment, the security of the 
port operations, as well as the safety and health of personnel. 

Thessaloniki port was among the first in Europe to be certified 
with the PERS Certificate from the ECOPORTS (a European 
Sea Ports Organization initiative). In an effort to minimise the 
environmental impact from the loading and handling of dry bulk 
cargoes, the port authority developed a system which sprinkles 
the dry bulk cargoes that are stored in open areas of the port 
thus reducing the amount of dust escaping into the atmosphere. 
The port authority also applies a programme for the recycling 
of packaging materials (from general cargoes) as well as for 
the recycling of the materials used for the cargo handling (ie. 
equipment, machinery oils, tyres). In 2011 the port recycled 
2,462 tonnes of materials. The port personnel are qualified and 
well trained in issues related to environmental protection, health 
and safety measures in the work place. Finally, the port invests in 
security equipment in order to minimise security risks in the port 
area – with the port being ISPS Code certified.

Promoting the port
A proactive  marketing strategy will attempt to bring back the lost 
cargoes of the period 2008–2009 (29 per cent of the dry bulk and 
general cargoes and about 38 per cent of the container traffic). 
To this end, the port authority has been launching road shows to 
major economic centres of the neighbouring countries aiming to 

promote the port and its services. Regular visits to neighbouring 
countries and meetings and discussions with current and potential 
customers are all part of the programme. 

A second key step is the reduction in port tariffs that has already 
increased the competitiveness of the port compared with its direct 
competitors. The port authority also developed a pioneering 
initiative: the Port Development Board, which brings together 
participating representatives of port users, haulage unions, the coast 
guard, customs authority and local and regional chambers. The 
members of the board discuss the problems of the port as well as 
potential solutions for the mutual benefit of the port community. 
Through this board many stagnated problems have been discussed 
and resolved. Finally, the port applies a customer-centric policy 
aiming at satisfying the needs of each customer.

Facing the future with confidence
The efforts of the port authority of Thessaloniki to modernise 
the port, and increase the quality of the services provide signs 
for a bright future. Despite the economic crisis that has affected 
Greece over the last two three years, Thessaloniki has managed to 
increase its market share and financial results mainly by investing 
in extroversion of its activities. Since the beginning of the 
economic crisis in early 2010, total throughput of dry bulk and 
general cargoes has increased by 15.5 per cent (from 5.75 million 
tonnes in 2009 to 6.66 million tonnes in 2011). The financial 
results of the company have been positive as well, allowing for 
further investments in the port’s future.

The completion of the purchase of new cargo handling 
equipment along with the commencement of the construction 
works for the port expansion will further increase the quality of 
the port services and the port’s competitiveness, helping in the 
further enhancement of the role of the port of Thessaloniki as the 
major gate to the southern Balkans.
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“A comprehensive integrated e-navigation system 
could enhance communication and the information 
available to VTS services – so ultimately accidents 
can be avoided.”
‘E-navigation: The future of safe shipping’, page 64.

VTS, Navigation, 
Mooring and Berthing



What is the most recent progress for the e-navigation 
development?

Overall, the work is progressing quite well.  The lead body 
is the Sub-Committee on Safety of Navigation, which next 
meets from 2 to 6 September 2013.  The e-navigation concept 
is being developed in co-operation with the Sub-Committees 
on Radiocommunications, Search and Rescue (COMSAR) and 
Standards of Training and Watchkeeping (STW).

What were the outcomes of the last sub-committee on 
safety of navigation meeting?

The Sub-Committee on Safety of Navigation (NAV), at its 
58th session, (2 to 6 July 2012) completed the gap analysis, 
approved the final list of gaps and endorsed the preliminary 
list of potential e-navigation solutions, the methodology 
of the Human Element Analysing Process, the procedure for 
the Formal Safety Assessment methodology and the further 
development of Maritime Service Portfolios (which define and 
describe the set of operational and technical services and their 
level of service provided by a stakeholder in a given sea area, 
waterway, or port, as appropriate).  

The gap analysis identifies areas, which the e-navigation 
strategy should address, for example the possible lack of 
bandwidth and assignment of adequate bandwidth for potential 
e-navigation communication needs, including short range 
communication.

Potential solutions to address the identified gaps include those 
relating to:  

improved, harmonized and user-friendly bridge design;  
means for standardized and automated reporting; 
 improved reliability, resilience and integr ity of br idge 
equipment and navigation information;  integration and 
presentation of available information in graphical displays 
received via communication equipment;  
 information managements improved access to relevant 
information for search and rescue; improved reliability, 
resilience and integrity of bridge equipment and navigation 
information for shore-based users; 
 improved and harmonized shore-based systems and services; 
and
 improved communication of Vessel Traffic Services (VTS) 
service portfolio.
 The IMO Correspondence Group on e-navigation was 

re-established to further develop the detailed ship and shore 
architecture; the concept of Mar itime Service Portfolios 

including the draft Strategy Implementation Plan (SIP). It was 
further tasked to provide comments and recommendations 
with respect to software quality assurance plus progress the 
development of draft guidelines for usability evaluation of 
navigational equipment and for the harmonization of test beds.

Can you describe the problems posed by lack of 
bandwidth and what solutions have been proposed for to 
tackle this issue?
One of the gaps identified is “possible lack of bandwidth and 
assignment of adequate bandwidth for potential e-navigation 
communication needs, including short range communication”, 
with the COMSAR and NAV Sub-Committees identified as 
the technical bodies to look into this. 

The preliminary list of potential e-navigation solutions 
identifies “Provision of system for automatic source and channel 
management on-board for the selection of most appropriate 
communication means (equipment) according to criteria as, 
bandwidth, content, integrity, costs”. So the idea is to look 
into some kind of automatic source and channel management 
system.  

What are the most essential aims of the e-navigation 
development?

The e-navigation Strategy Implementation Plan (SIP) aims 
to integrate existing and new navigational aids, in particular, 
electronic aids to navigation, in an all-embracing transparent, 

The IMO’s Sub-Committee on Safety of Navigation will next meet to discuss 
the progress of its e-navigation strategy in September 2013.

E-navigation:  
The future of safe shipping 

The International Maritime Organization (IMO) is developing a strategic 
vision for e-navigation, to integrate existing and new navigational tools 
in an all-embracing system that will contribute to enhanced navigational 
safety. Gurpreet Singhota, Deputy Director/Head of the Operational 
Safety Section within the Maritime Safety Division of the International 
Maritime Organisation (IMO), talks to Port Technology International 
about the progress of the project. Gurpreet Singhota
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user-fr iendly, cost-effective and compatible system that 
will contribute to enhanced navigational safety (with all the 
positive benefits this will have on maritime safety overall and 
environmental protection) while simultaneously reducing the 
workload burden on the navigator.

How adaptable will e-navigation be to change in the 
future?

E-navigation will need to be adaptable to change as technology 
moves forward.  It is important that the e-navigation strategy allows 
for flexibility and review to accommodate any new technologies 
that arise and that could be incorporated into the system.   

What major VTS needs of the industry will be addressed 
by the development of e-navigation?

In terms of VTS, the e-navigation strategy should result in 
improved shore-to-ship and ship-to-shore communication 
including the availability of real-time information to VTS 
operators.  Some of this is already in operation as VTS services 
do have access to information from ships via AIS and so on. 

 A comprehensive integrated e-navigation system could 
enhance communication and the information available to VTS 
services – so ultimately accidents can be avoided. 

So far in the process- what obstacles or difficulties have 
been faced?

The process so far in developing the e-navigation strategy 
has been about identifying the gaps and identifying possible 
solutions.  No major obstacles have been encountered so far 

in carrying out this process and there has been a great deal of 
interest and participation from all stakeholders.

 In terms of obstacles that may arise in the implementation of 
the e-navigation system, it is too early to say what these might be.

 However, we can be confident that all involved will try to 
work out solutions to any obstacles identified along the way. 

 

How adaptable will e-navigation be to each user’s needs?

The idea is that user needs are at the heart of the e-navigation 
strategy – it needs to respond to what the user needs are. Hence 
a lot of the work to date has been about identifying what 
those user needs are. If user needs change over time, then the 
e-navigation strategy should adapt to that.  

Do you plan on having guidelines for training?

The discussion on what new training or training guidance will 
need to be developed will be discussed in the Sub-Committee 
on Standards of Training and Watchkeeping (STW), which has 
the remit to review all aspects of e-navigation from the human 
element perspective, including training issues.  The decisions on 
what guidance or training is needed will be made later in the 
process of developing the e-navigation strategy. 

How strong do you think the uptake of e-navigation  
will be?

I think there is a great deal of interest in using e-navigation as 
all relevant stakeholders are involved in the process, and there is 
likely to be strong uptake.  

“E-navigation will need to be adaptable to change as technology moves forward,” Gurpreet Singhota.
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What concerns about e-navigation do people in the port 
industry have, that you are aware of?

I am not aware of any particular concerns. However, it is 
important that all stakeholders br ing any concerns to the 
attention of IMO, given that the the concept embraces ship and 

shore-side elements.  The current overarching e-navigation 
architecture, as agreed by the NAV Sub-Committee, provides 
the shipboard and the shore-based parts connected through 
different links. It also identifies the concept of Maritime 
Service Portfolio (MSP), which defines and describes the set 
of operational and technical services and their level of service 
provided by a stakeholder in a given sea area, waterway, or port, 
as appropriate.

How involved (if at all) have port authorities been in the 
development of e-navigation? How have their interests 
been represented in discussions?
Their interests are represented via the various coastal States 
attending the relevant Sub-Committees.  The International 
Association of Ports and Harbors (IAPH) has consultative status 
at IMO and as such can attend any of the technical meetings 
and provide input and participate in the discussions.  So if there 
are any concerns or viewpoints from ports or port authorities 
they can raise them and bring their views to IMO, through 
their national delegation (Member State) or via IAPH. IMO all 
along has been encouraging all stakeholders to get involved in 
the process. 

What will be the impacts on industry rules and regulations 
for navigation?

I think that will become more apparent as the strategy is 
developed and implemented.

 E-navigation has huge potential to contribute to enhanced 
navigational safety (with all the positive benefits this will have 
on maritime safety overall and environmental protection) while 
simultaneously reducing the workload burden on the navigator. 
However, it must be developed in a coordinated and structured 
manner, taking into account all the relevant issues.  All 
stakeholders have the opportunity to contribute to this process, 
via their national delegations attending IMO meetings or via the 
relevant international industry bodies.  
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People are sometimes aware of marine accidents, as ship 
groundings often makes headlines along with the accompanying 
oil spills and other unfortunate stories. While grounding accidents 
contribute to approximately one third of marine accidents around 
the world, the dominant accident type in ports is collision. By 
focusing on marine accidents in ports, a clear picture about 
marine accidents can be gathered.

The world’s busiest ports face a potential risk from marine 
traffic accidents. However, marine traffic centres can often only 
play an advisory role, and may not be able to satisfy the increasing 
demand of traffic control within congested port waters.  Figure 
1 below shows the busiest ports in the world in terms of ship 
arrivals, with Hong Kong port the second busiest one.  

Port traffic systems
Marine traffic in ports is very different from that in the open 
seas. In a port traffic system, most ships travel along fairways and 
are required to keep a reasonable safe clearance from other ships, 
coastal structures, and shallow waters. Moreover, marine accident 
distribution in ports is very different from that in open seas. A 
port traffic system often involves a large number of ships and their 
movements, and inevitably traffic related accidents ie. collisions, 
contacts and groundings.  Generally, collisions and contacts are 
the major cause of accidents in ports, while groundings are more 
common in open waters.  Other marine accidents eg. fire, are 
related more to ship management.  

Imagine a port traffic system as a network of nodes and 
links. Within the traffic network, each link denotes a section 
of fairway, and a node a port facility eg. berths, terminals, 
anchorages or a junction with another fairway and port entry. 
A route of marine traffic can be represented by a path in the 
traffic network. Collision accidents result from three types of 
encounters:  crossing encounters are usually found when two 
ships are navigating towards the same node (junction) along 
different links; head-on encounters and take-over encounters are 
commonly observed when two vessels are navigating along the 
same link.

Reported accident rates
Figure 2 below illustrates the number of reported accidents in 
Hong Kong between 1984 and 2011.  The marine accidents 
are grouped into three types: collision/contact; grounding/
stranding; and non-impact. This grouping is proposed because 
it is assumed that accidents resulting in collision and grounding 
are associated more with the quality of the traffic system (for 
example, vessel traffic system, navigation aids, traffic volume) 
than with the quality of individual vessels.  In contrast, non-
impact accidents are related to the condition of individual 
vessels (eg. management and vessel quality). Approximately 69 
percent of accidents in each year of the period 1984–2011 were 
collisions, 8 percent were groundings and 23 percent were non-
impacts.

Figures 3 and 4 below represent the reported human toll 
from accidents for the period 1984 to 2011. It can be seen that 
both the numbers of fatalities and injuries vary. The number of 
injuries increases, which mirrors the trend of increased vessel size, 
given that the number of accidents remain more or less the same. 

However, it is commonly believed that the consequences of the 
impact-type accidents that do occur will be more serious than 
previously, as a result of the general increase in vessel size and its 
resulting impact force during collisions or groundings.

Examining the trends
It is apparent that the ratio of reported collisions (and contacts) 
has remained approximately constant over the two decades. It 
is instructive to review the reported accident level with respect 
to the number of ship visits to the port over a long time span. 
From Figure 5 below, it can be seen that accident frequency 
versus ship visits is on a consistent downward trend, reflecting 
general improvements in shipping management and operation. 
It is apparent that the safety regime in Hong Kong port has 
improved over the last two decades with an accident rate 
approximately half that of 20 years ago. The principal driver 
behind the improvements in accident occurrence is the action 
of policy makers (such as the Marine Department and the 
International Maritime Organisation) in improving the safety of 
the traffic system. Improved vessel traffic systems eg. automatic 
identification systems (AIS), navigation aids, ship specifications 
and training requirements eg. ISM code have also all reduced 
accident rates. The improvements made in the port traffic 
risks are a credit to the vigilance of local and international 
authorities.

More detailed examination
In order to have some idea about the learning curve effect 
over a long period, a simple exponential reduction function is 
used to describe the general trend.  The exponential reduction 
model assumes the ratio of port accidents to port traffic should 
steadily decrease each year by a fixed percentage, finally to zero 
for time approaching infinity.  Such functional form is known 
as exponential learning curve effect.  The exponential reduction 
function is defined as follows:

N(t)=N
0
exp(-at)

 where t is time, and a is the learning rate parameter.  The 
improvement of port safety is a societal process of learning and is 
the result of collective learning events. 

More interestingly, the possible effect of the ship arrivals and 
port throughputs to port accidents are tested with observed 
aggregated data.  The results are illustrated in Figure 2 and 
show satisfactory correlation (R2=0.9099). Furthermore, the 
exponential reduction function is expressed as:

lnN=- at+ln N
0
=-0.0576t+lnN

0

 The model further quantifies that it takes about half-life T1/2   
for the accident ratio to fall to one half of its initial value.

T1/2=ln2 / a=ln2 / 0.0576=12.0 years

 This means that the port safety improves in the last decade 
when the accident occurrence rate falls by 50 percent in 
approximately 12 years.  

The risks of port traffic accidents 
Tsz Leung Yip, associate director of C. Y. Tung International Centre for Maritime Studies, Hong Kong Polytechnic University
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Conclusion
Many concerns regarding marine traffic have arisen in ports, 
including the increased size of ships and greater traffic amount.  
Today, busy ports like Singapore and Hong Kong are faced with 
traffic congestion and delays to maintain the permissible safety 
level of marine traffic. Many ports will face similar problems 
soon. The improvement of port traffic safety is an ongoing 
process, and it is important that the local port traffic issues are 
effectively addressed.

Data sources: Hong Kong Marine Department, and Hong Kong Port Development Council
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Figure 1: Marine traffic in busy ports, source: ISL shipping statistics yearbook 2010. Figure 2: Distribution of ship accidents in Hong Kong port, 1984-2011

Figure 3: Distribution of injuries due to ship accidents in Hong Kong port,  
1984-2011.

Figure 4: Distribution of fatalities due to ship accidents in Hong Kong port, 
1984-2011. 

Figure 5: Ship accident trends in Hong Kong (1989-2011).
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“Autonomous underwater vehicles (AUVs) 
certainly have an important role to play in 
managing the future of our seas, whether it 
is a robotic fish or another type of vehicle.”
‘Fishing for pollution’, page 73.

Oil, Gas and 
Chemical Handling



Introduction

SHOAL, the pan-European information and communication 
technology project, has successfully developed and delivered 
intelligent robotic fish capable of detecting and identifying 
pollution in ports and other aquatic areas.  

Luke Speller, SHOAL project leader and senior research 
scientist at BMT Group Ltd, believes that underwater robots will 
revolutionise the way we manage our oceans. He describes the 
key areas of major development and the significant role each of 
the partners have played in bringing these mechanical fish to life.

Previously, methods of monitoring pollution and identifying 
its sources, involved taking water samples which were then sent 
to a laboratory for testing, the results of which could take weeks 
to establish. This meant that any remedial action, such as repairing 
a leak, would be delayed and pollution would continue to make 
the situation worse. A vessel which had not been appropriately 
identified as the cause of pollution may then continue its journey 
spreading contaminants the entire way up a coastline. Either 
scenario is environmentally unacceptable.

The solution that SHOAL provides
Now, through the use of autonomously controlled robot fish, 
ports and harbours around the world can receive this information 
in real-time. SHOAL, a research project managed by BMT Group 
Ltd and part-funded by the European Union under the Seventh 
Framework Programme for ICT, has designed and developed 
these specialised robotic fish. They have sensitive chemical sensors 
attached to them and are able to identify the source of pollution 
by working together, using artificial intelligence. 

Given the nature of how these systems can be used, it was apt that 
a fish-shaped robot was chosen, but in fact the choice was not based 
on aesthetics, but design. The fish shape is a very manoeuvrable, 
efficient solution due to its small turning circle, allowing the robots 
to navigate quickly in ports to find pollution, and also avoiding ships 
and the port infrastructure. It's also low-noise so it does not disturb 
the environment when outside of busy ports.

BMT hopes that the biomimetic solution will inspire future 
generations of engineers as it is an example of how we do not 
need to be constrained by typical designs, but by merging creative 
ideas with engineering principles, we allow the potential for 
new possibilities. This removal of boundaries and rules from our 
thinking are what allows real advances in technology to be made. 

Weighing approximately 35 kilograms, the fish are 60 centimetres 
high, 150 centimetres long and 35 centimetres wide.  Limited by 
an acoustic range of a kilometre from the ‘pingers’, the fish can 
travel 15 kilometres out from the shore station and return without 
localisation restrictions. The fish can operate for up to eight hours 
before it needs to return to the shore station to be recharged.

The key developments that made it possible
The last three years has seen no less than five key areas of major 
development that have helped in the development of the SHOAL 
solution. 

Artificial and swarm intelligence
Importantly, artificial and swarm intelligence technology was 

developed by BMT Group’s research and development team. This 
means that each robotic fish has been given artificial intelligence 
to operate independently, and also as a swarm. It allows each 
individual robot to be able to manage multiple problems such 
as; avoiding obstacles, knowing where to monitor pollution, 
finding the source of a pollutant, maintaining communication 
distance from the other fish and returning to be recharged. 
Each individual robotic fish has an array of sensors and external 
information sources that allows it to navigate its environment. 
BMT has also created a real-time navigation and control system 
for a team of three robotic fish which deploys cooperative 
strategies for the robotic fish team to build a 3D pollution map. 
The robotic fish can seek, find, identify and report the precise 
location of pollutants including heavy metals such as copper, lead 
and phenols. They can also analyse oxygen levels and salinity to 
ensure the water is a healthy environment for wildlife.  

Robotic design
The University of Essex in the UK, built upon its earlier 
prototype and developed the robotic fish further by making 
them stronger, allowing them to be able to better survive harsh 
conditions, provide more power and have a longer battery life. 
They also developed the ability to incorporate the intelligence, 
sensing and localisation technologies from the other research 
partners. Furthermore, the fish now have a jointed tail and use 
an oscillatory fish-like motion to propel themselves through the 
water, as well as a weight inside to allow them to dive and rise 
when required. This provides a quieter solution as opposed to 
using propellers and allows for high manoeuvrability.

Chemical sensors 
The Tyndall National Institute in Ireland has developed novel 
chemical sensor subsystems which have been incorporated into 
the robot, enabling the analysis of sea water on board the robotic 
fish. Using electro-analysis of the water, they are able to calculate 
the concentration of an array of contaminants in the water.

Fishing for pollution 
Luke Speller, SHOAL project leader and senior research scientist at BMT Group Ltd

One of the robotic fish developed by the SHOAL project.
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Communications
Thales Safare in France has developed a system for allowing 
underwater localisation and communication. The localisation uses 
underwater ‘pingers’ that act as the equivalent of satellites in a 
GPS system to allow the fish to find their position. They have 
developed an underwater acoustic system that allows the fish to 
effectively ‘talk’ to each other and thus communicate pollution 
information back to the shore station. The station also has the 
same acoustic system to allow it to receive and send information 
to the fish.

Hydrodynamics
The University of Strathclyde in the UK, has investigated the 
effects of the environment of the fish to allow a robust control 
system that takes into account the conditions at sea including 
currents, wind and waves. Taking robotics such as these from a 
laboratory situation into the harsh, dynamic environment of the 
sea has been complex, and the SHOAL project has encountered 
considerable environmental challenges. The unpredictability of 
the environment has made planning very difficult. Furthermore, 
managing the multiple, conflicting requirements and needs of the 
different components is tough.  Each of the partners involved in 
the SHOAL project consortium needed as much space and power 
as they could get for their particular system to run at its optimum. 
However, for the entire system to work as effectively as possible, 
these elements needed to be kept to a minimum.

The future
Although each of the fish developed cost approximately 
GBP£20,000 to build, it is hoped that through additional 
funding, the prototype can be further developed in order to 
investigate commercial opportunities.  Manufacturing these fish 
on an industrial level will allow for economies of scale to be 
applied and in turn, will reduce the costs.  
Autonomous underwater vehicles (AUVs) certainly have 
an important role to play in managing the future of our seas, 

whether it is a robotic fish or another type of vehicle. The 
opportunity to develop a multi-tasking robot which could 
accomplish other missions such as search and rescue at sea, 
harbour protection and monitoring for threats is very exciting. It’s 
only a matter of time before robotic vehicles become part of the 
norm in patrolling our seas. 
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“The combination of sustained innovation and 
established technology standards have resulted in 
today’s robust, reliable, and effective high-energy 
X-ray cargo screening systems.”
‘Industry standards for the X-ray inspection of Cargo’, page 76.

Customs and Security



Innovative technology for the non-intrusive inspection of cargo 
and vehicles has rapidly emerged over the last decade to become 
a significant factor in port and border protection and homeland 
security.  Several hundred high-energy mobile and fixed-site 
X-ray inspection stations are deployed throughout the world to 
examine passenger cars, trucks, trains, and shipping containers 
that transport goods bound for international destinations.  
Behind the scenes, cargo screening technology continues to be a 
story of innovation and change, driven by keen competition and 
a common mission to improve global security.  

Evolution of systems
Early cargo screening systems were relatively slow and expensive 
to operate.  They produced a limited resolution single-energy 
X-ray image, often using an isotope source such as Cobalt-60.  
The imaging software was rudimentary, and limited to simple 
controls such as pan and zoom, while computer processing 
speeds significantly limited inspection throughput. By contrast, 
most systems today are accelerator-based, which allows for 
higher energies, faster operation, and more precise controls.  
These systems incorporate software that takes advantage of 
improved computing platforms and features increasingly 
sophisticated analytics.  Figure 1 illustrates how this power has 

paved the way for the use of dual-energy accelerator sources 
and advanced detectors to facilitate material discrimination, 
enabling inspectors to identify threat objects more quickly, based 
on their composition.  For example, this truck cab is imaged by 
a manufacturer’s proprietary dual-energy system that classifies 
materials of interest by color and provides other advanced 
imaging features.

Likely progression
Future developments in cargo screening are likely to follow a 
common innovation trajectory that is fostered by market needs 
and new technology, while being strengthened by existing 
intellectual property and evolving industry standards.  Figure 
2 provides a simplified view of this model, where each color 
represents a distinct contribution to the innovation process

The top section (see Figure 2 - in green) illustrates that 
innovation is often perceived as a circular path beginning with 
customer needs that are identified by a technology developer.  
The developer then creates application technology in the form 
of products to meet those needs.  With numerous competitors in 
the market, suppliers are motivated to continually improve their 
products.  However, a more nuanced understanding incorporates 
the role of component technologies (see Figure 2 - in red) and 

Industry standards for the  
X-ray inspection of cargo
William Allan Reed PhD, commercial manager, Varian Medical Systems’ Security and Inspection Products Group, NV, US

Figure 1: Material discrimination image.
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the core capabilities of the technology developer (see Figure 2 - 
in blue).  Each of these constituents influence and are influenced 
by their respective technology and regulatory standards, which 
then ultimately impact the products available to the customer. 

Component technologies and their standards are often 
dr iven by the needs of other markets and may only 
be tangentially connected with the market of interest.  
Consequently, developers often have minimal influence on 
these technology standards but will benefit by leveraging 
the investments already made by other organizations. 
‘Components’ may be subassemblies (such as a computer 

graphics card) or entirely separate systems (such as a cloud 
computing service) that can be incorporated into a 
screening system to provide a complete customer solution. 
System providers benefit from these parallel technologies 
and component standards because they provide innovative 
insights and functional capabilities, such as interoperability, 
interchangeability, and known performance character istics.  
In the case of cargo screening, there are many component 
technologies that are potential sources of future innovation.  A 
few notable examples are described later in the article. 

Because cargo screening is a youthful market with changing 
customer requirements and technology that is evolving to 
meet those requirements, existing industry standards are still 
in flux.  This is beneficial for the cargo screening industry in 
that it provides ample room for innovation and development. 
As cargo screening technology continues to evolve and mature, 
the community will develop consensus in more areas and create 
additional standards.  However, the standards process is slow 
and seldom speaks to the most current technology issues in an 
industry.  For example, material discrimination is an important 
new feature offered by many cargo screening systems, yet there 
is little guidance from current industry standards to assess the 
performance of this technology. 

Evolving component technology  
and standards  
As the trend continues for cargo systems to address more 
customer needs, a number of emerging component technologies 
could become important adjuncts to cargo systems.  Each of 

Figure 2: Simplified innovation process.
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these examples is characterized by evolving standards that will 
influence their potential adoption.

Big data 
Cargo screening results in high resolution images with unique 
data attributes specifically tailored for law enforcement purposes.  
For example, a typical scan and related data may comprise 
50-100 megabytes of data. Depending on utilization, the data 
collected at a site could exceed 300 terabytes per month.  The 
challenges for coping with big data include storage structures, 
data latency, reliability, and security.  Industry standards are just 
beginning to emerge as organizations wrestle with incorporating 
‘big data’ into their IT systems.

World Customs Organization (WCO) data model 
The WCO has established a data module to standardize 
electronic data used between governments to identify cargo 
that is transported across borders. For interoperability, this 
is being harmonized with other standards such as the United 
Nations Trade Data Elements Directory (UNTDED), and UN/
CEFACT’s Core Component Library (CCL).  In The United 
States, the ‘Security and Accountability for Every Port Act of 
2006’ (SAFE Port Act) included a provision to electronically 
collect import and export data.  This system, known as the 
‘International Trade Data System’ (ITDS) is to be operated 
by the United States Customs and Border Protection. It also 
requires that the ITDS data requirements are compatible with 
the WCO Data Model (ITDS report to congress, December 
2011).  

Cloud Computing
The US National Institute of Standards and Technology (NIST) 
defines cloud computing as ‘a model for enabling convenient, 
on-demand network access to a shared pool of configurable 
computing resources – for example networks, servers, storage, 
applications and services – that can be rapidly provisioned and 
released with minimal management effort or service provider 
interaction.’ (NIST 800-146). Cloud computing is intended to 
provide a wide range of features that could be useful to cargo 
screening facilities, especially in the management and sharing 
of ‘big data’. These include real-time, on-demand data and the 
potential for more comprehensive and robust analytics that 
can be made available from a central facility on an as-needed 
basis. NIST has established the draft Special Publication 800-
146, ‘NIST Cloud Computing Synopsis and Recommendations’ 
to explain cloud computing technology and provide practical 
guidance for its use.

Wireless Communications
Wireless communication continues to drive technical capabilities 
for a number of products. As the security, reliability, and speed 
of these networks continue to improve, future cargo screening 
facilities may take advantage of more wireless connectivity. 
The most likely new standard is IEEE 802.11ac, which is 
sometimes referred to a ‘5G Wi-Fi’ because it is the fifth 
generation of this technology.  This standard promises a peak 

speed of nearly 7 gigabits per second (Gb/s) and utilizes the 
5GHz radio spectrum.  While sustained throughput is likely to 
be considerably slower at perhaps 1 Gb/s, this new standard will 
make wirelessly transmitting high resolution images over Wi-Fi 
more practical. 

Personal Identification
Cargo screening typically involves a driver or other individual 
who must be identified and matched to the shipment. To meet 
these needs, Smart Card technology is growing in popularity 
because of its secure authentication capabilities.  While Smart 
Cards have been available for some time, NIST has just released 
a new standard designated as the US Federal Information 
Processing Standard (FIPS) 201-2. This version was revised 
and upgraded to include additional information and biometric 
features such as ir is recognition and on-card fingerpr int 
comparison.  For more information, see the related NIST draft 
Special Publication 800-76-2, ‘Biometric Data Specification for 
Personal Identity Verification’. 

Summary
The combination of sustained innovation and established 
technology standards have resulted in today’s robust, reliable, 
and effective high-energy X-ray cargo screening systems. 
Future systems will continue to evolve; offer ing exciting 
new features and providing more complete solutions to port 
and border secur ity. The innovation process necessar ily 
will be guided by numerous component technologies and 
their associated standards, in conjunction with proprietary 
development expertise and intellectual property.  However, the 
most important source of innovation insight will continue to 
be the clear mission requirements articulated by a diverse global 
customer community. 
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