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Boskalis tailors innovative, sustainable 
and competitive solutions. From 
feasibility studies, design and execution 
to maintenance and operational services, 
we can help you meet your challenges

We are a global leading expert in:
■  Design, construction and maintenance of Ports and Waterways
■  Design and construction of projects for the offshore energy 

sector, including diving and ROV services
■  Land reclamation
■  Coastal defense and riverbank protection
■  Heavy marine transport and installation
■  Terminal and harbor towage services
■  Marine salvage projects and services
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China’s rise to prominence is set to be one of the 
great dramas to be played-out over the course of the 
twenty-first century, with the country’s economic 
growth and global influence expected to increase 
even further in the decades to come. This dominant 
presence has long been felt in our industry, yet if 
China gets its way and builds a canal in Nicaragua as 
an alternative to the Panamanian waterway it could 
be a game changer, and one man believes he can pull 
it off. To find out who turn to our very first News 
Digest, showcasing the top stories from our website 
over the last quarter (page 8).

Another factor that is again likely to have a profound impact on the world as we 
know it is the issue of climate change. The draft summary of the latest United Nations 
climate report claims that the link between human activity and the rise of global 
temperatures can no longer be ignored. “It is extremely likely that human influence 
on climate caused more than half of the observed increase in global average surface 
temperature from 1951 to 2010,” the draft report states. Therefore, adverse weather 
conditions, rising sea levels as a consequence of this phenomenon will make, as 
explained by Greg Fisk from BMT WBM (page 16), addressing climate change and 
vulnerabilities an integral part of both future port planning and the protection of 
valuable assets.

Also in this issue, PEMA’s Lars Merling looks at the options available for measuring 
and/or indicating container weight, and the pros and cons of their application (page 
44). Oscar Pernia, director of product management automation, Navis, discusses how 
optimisation has revolutionised container terminal activity in the past and how it will 
continue to do so in the future.  Port Economics’ very own Theo Notteboom, in the 
second part of his analysis on the European port system, looks at the recent changes in 
the total cargo volumes at Europe’s major ports and the relevance of focusing on cargo 
throughput as a key performance indicator (page 44), while Dr. Angela Carpenter 
analyses the threats, policies and latest technological solutions associated with port 
security (page 90). 

In our dedicated Environment and Sustainability section, we have an exclusive 
article from Stephanie Jones-Stebbins, the director of environmental planning 
at the Port of Seattle, who provides an overview of the Northwest Ports Clean Air 
Strategy (page 80), which aims to reduce the emission of diesel particulates from port 
operations by retrofitting equipment, introducing onshore power and installing low 
emission technology. 

Elsewhere, the Houston Pilots Association take a look at the options available to 
ports when considering their pilot boat purchase (page 71), and the London Port 
Authority showcase their innovative VTS training methods (page 66).

Finally, you may have noticed, unless you are a new subscriber/reader (and if so 
welcome), that the journal has undergone a redesign. This gave me a timely reminder 
to ask you the reader for your thoughts, not just on the redesign but on how you feel 
we can improve our service both in print and online. I look forward to hearing your 
comments.

Linton Nightingale
Editor 

Email:  lnightingale@porttechnology.org
Twitter:  @PortTechnology 

Visit our website at www.porttechnology.org

Network with other PTI readers on our LinkedIn group: http://linkd.in/porttech
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  Inter national Association of Mar ine Aids to 
Navigation and Lighthouse Authorities (IALA-AISM) 
gathers together marine aids to navigation authorities, 
manufacturers and consultants from all parts of the 
world and offers them the opportunity to compare their 
experiences and achievements. 
www.iala-aism.org

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

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

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

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

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

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

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

The Coasts, Oceans, Ports and Rivers Institute 
(COPRI) works to advance and disseminate scientific 
and engineering knowledge to its diverse membership, 
which is engaged in sustainable development and the 
protection of coasts, oceans, ports, waterways, rivers and 
wetlands. COPRI works to enhance communication 
and cooperation among more than 3,000 members, both 
domestic and abroad, and the industry as a whole by 
advancing members’ careers, stimulating technological 
advancement and improving professional practice. 
www.coprinstitute.org

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

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

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

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

SUPPORTER COMPANIES

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

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

DP World is one of the largest marine terminal 
operators in the world, with 49 terminals across 31 
countries.
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Plans for an inter-oceanic canal across 
Nicaragua linking the Pacific Ocean 
and Caribbean Sea can be traced as far 
back as the 1850s. For it is then that 
an American named William Walker 
dreamt of building such a waterway 
only for his dreams to be dashed. After 
failing in his quest to become president 
of the country following a bloody war 
against the Central American army, 
William was assassinated by a Honduran 
firing squad in 1856. He was aged just 
36. Since the nineteenth century there 
have been numerous attempts to follow 
in William’s footsteps with little success. 
Today another man, hoping not to be 
condemned in the same manner as our 
unfortunate William, has the same dream. 
Step forward Mr. Wang Jing. 

Wang Jing, an ambitious industrialist 
a n d  h i g h l y  r e s p e c t e d  C h i n e s e  
businessman, is chairman of the Hong-
Kong based HKND Group, who were 
granted final ratification in July by the 
Nicaragua National Assembly to develop 
a 286-kilometre Nicaragua Canal. The 
Nicaragua Canal and Development 
Project, as it is known, will cost a 
staggering US$40 billion and, according 
to Jing, has the potential to transform 
global trade through the offer of shorter 
transit times and cost savings for ocean 
carriers on routes that include the Suez 
and Panama Canals.

The impact of the project on a country 
like Nicaragua can not be underestimated. 
After all, Nicaragua is regarded as one 
of the poorest in the Americas, with a 
GDP higher than only Haiti comparable 
to that of other countries in the region. 
According to early estimates, execution 
of the project would see the nation’s 
GDP doubled, having a profound affect 
on the six million plus inhabitants of 
the republic if, and that is a big if, the 
canal and all its fortunes are rewarded to 
those near the bottom rung of the socio-
economic ladder and not just the top. Yet 
let us not get ahead of ourselves. There is 
still plenty of work ahead before we can 
even discuss whether the much-needed 
economic benefits of the waterway could 
help solve Nicaragua’s poverty issue.

The fact that there is much work to 
be done might be why the Panamanian 
government and likewise the United 
States, who are more than aware of its 

strategic importance, are somewhat 
relaxed when it comes to the potential 
impact of a Nicaraguan rival. Panama’s 
own canal, as we all know, is currently 
undergoing major expansion. This multi-
billion dollar project is well underway 
with a completion date set for mid-2015, 
which will enable vessels with a capacity 

of up to 12,000 TEU to safely navigate 
the near century old canal. Impressive 
as this is , when you consider that 
Maersk has just set sail with the first 
of its 18,000 TEU Triple-E vessels and 
container ships of the near future could 
very well be as large as 30,000 TEU, the 
Panama Canal is faced with a problem. 

Realising the dream 
An inter-oceanic canal to rival Panama

Linton Nightingale, editor, Port Technology International, London, United Kingdom
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Jing feels by solving this problem there 
is a potential to steal a march on his 
established rival. The Nicaragua Canal 
would have to be built from scratch 
which would enable it to be far better 
equipped to meet the demands of the 
giants of tomorrow. However, given 
this fact, Panama’s foreign minister 
Fernando Nunez Fabrega on a recent 
visit to London remained unperturbed 
by the prospect of a Central American 
competitor. He highlighted not only the 
uneconomical cost of the project but 
how the region is a hurricane-hot spot 
and prone to seismic activity. Add to 
this that HKND has still to confirm a 
definitive route then you can understand 
his relaxed stance.

Jang though remains defiant. He 
recently addressed the world’s media to 
proclaim that he is “100 percent” sure that 
construction will commence towards the 
end of next year. Strong words indeed, let 
us just hope Wang’s vision is not as ill-
fated as his American predecessor.

First customers sign up for DP 
World London Gateway
The first two customers have been signed 
up by DP World for its London Gateway 
development, the Dubai-based company’s 
giant UK container port and logistics centre 
currently under construction on the banks 
of the River Thames. SAECS (Southern 
Africa Europe Container Service) has been 
named as the first shipping line that will 
call London Gateway, switching its call 
from Tilbury when it opens for business 
later this year. Furthermore, multinational 
retailer Marks & Spencer is planning a 
£200 million distribution centre at London 
Gateway’s logistics park. The facility will 
be used to store clothing, home and gift 
products before they are transported to the 
company’s stores domestically and overseas.

Multi-billion dollar port complex 
launched in Turkmenistan  
Energy-rich Turkmenistan has launched a 
US$2 billion project to build the nation’s 
largest ever port in a bid to boost the 
Asian country’s export trade. The port, to 
be known as Turkmenbashi International 
Ports, will be built over a four-year period 
by Turkish-based construction firm GAP, 
part of the Çalık Group, in the city of 
Turkmenbashi and will be used primarily 
to export oil products, liquefied gas 
and textiles. The new port complex will 
incorporate ferry, passenger and container 
terminals, ship building and repairing 
plants, as well as dedicated terminals for 
general and bulk cargoes.

Eurogate goes green to meet 
energy requirements  
Eurogate has become the world’s first 
port operator to install its own wind 
turbine and utilise the green electricity 
to power its terminal operations in 
Hamburg. When installed, Eurogate 
hopes that the 200-metre high turbine 
will cover up to 50 percent of the 
facility ’s total energy requirements. 
By operating its own wind turbine the 
company said that it will lower energy 
costs in the medium to long term, lower 
CO2 emissions per container by 25 
percent come 2020, and become largely 
independent of price developments in 
both the power and energy markets.

Global Ports acquires rival 
Russian operator
Global Ports Investments, of which 
APM Terminals is a co-controlling 
shareholder, has entered into a binding 
agreement to acquire 100 percent of 
rival Russian terminal operator NCC 
Group Ltd. The acquisition, subject to 
regulatory approval, will be financed 
through a  combinat ion of  a  cash 
consideration totalling US$291 million, 
new shares representing approximately 
18 percent of the enlarged share capital 
of Global Ports and the assumption of 
the Moscow-based company ’s debt, 
leading to  a  combined enterpr i se 
value of approximately US$1.5 billion. 
NCC Group’s key assets include St. 
Petersburg’s First Container Terminal, 
joint ownership (80 percent) of the 
recently launched Ust-Luga Container 
Terminal and the Logistika-Terminal, 
an inland terminal on the outskirts of St. 
Petersburg.

Maersk McKinney Møller 
embarks on maiden voyage
Maersk McKinney Møller, the world’s 
largest ocean carrier and the first of 20 
Triple-E class vessels to be launched 
by Maersk Line, set sail on its maiden 
voyage from Busan in July. Measuring 
59 metres in width, 73 metres high and 
a quarter of a mile long, the mega ship, 
has been deployed on the Asia-Europe 
trade. The service loop for the 18,270 
TEU giant, built in Okpo Shipyard 
(DSME) in Geoje, Korea, inc ludes 
calls at Kwangyang, Ningbo, Shanghai, 
Yantian, Tanjung Pelepas, the Suez Canal, 
Rotterdam, Gdansk, Arhus, Gothenburg, 
Bremerhaven, Tangiers , S ingapore, 
Yantian, and Hong Kong.

In Brief

For the latest news, 

and to register for 

our free daily news 

email service, visit 

www.porttechnology.org
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Global Issues

“While ports are the cornerstone of international trade and 
globalisation, they are also increasingly at risk of climate change 
threats such as rising sea levels, intense storms including hurricanes 
and cyclones and higher temperatures.”
‘Addressing climate change in ports’, page16.



An earlier contribution in Port Technology 
International t it led ‘Recent traffic 
dynamics in the European container port 
system’ [issue 58] discussed the impact 
of the crisis on the port hierarchy in the 
European container system. The focus was 
mainly on the evolving traffic position in 
twenty-foot equivalent units (TEU) of 
specific multi-port container gateway 
regions in Europe. In this contribution 
we analyse the recent changes in the 
total cargo volumes in European ports as 
well as in specific cargo groups. We also 
discuss the relevance of focusing on port 
throughput as an indicator of a port ’s 
success. This contribution is largely based 
on the author’s keynote presentation 
delivered during the annual conference 
of the European Sea Ports Organisation 
(ESPO) in Varna, Bulgaria at the end of 
May 2013.

European port traffic and  
GDP growth
With a total throughput of an estimated 
3.79 million tonnes in 2012, the European 
port system ranks among the busiest 
port systems in the world. Growth was 
particularly strong in the pre-crisis period 
between 2000 and 2008, partly driven by 
fast growing container throughput, ie. an 
average annual growth rate of 10.5 percent 
in the period 2005-2008 and 7.7 percent 
in the period 2000-2005. The economic 
crisis which started to have its full effect 
in late 2008 brought an end to the healthy 
volume growth in the European seaport 
system. Total cargo volumes handled by 
European ports decreased 12.2 percent 
in 2009 corresponding to a decline from 
4.18 billion tonnes in 2008 to 3.67 million 
tonnes in 2009. The throughput figures 
somewhat bounced back in 2010 to 3.84 
billion tonnes (up 4.5 percent compared 
to 2009), but more recent years did not 
bring further throughput recovery to pre-
crisis levels (see Figure 1). In 2011 growth 
was merely 0.8 percent and in 2012 the 
European port system recorded a mild 
drop of 2.0 percent in cargo handlings. 
The first quarter of 2013 brought an 

additional decline of 1.7 percent compared 
to figures of quarter one in 2012. A 
comparison of the year-on-year growth 
figures in the European port system with 
the GDP growth figures for the EU27 
reveals that ports continue to overreact 
to swings in economic growth. When the 
economy booms, seaports typically show 
high to very high growth figures; however, 
an economic crisis has a very pronounced 
negative effect on cargo volumes in 
seaports.    

The relation between GDP and port 
throughput has always attracted academic 
scholars, international organisations and 
maritime consultancy firms. Traditionally, 
GDP forecasts form one of the pillars 
in many port traffic forecasts. In one of 
its weekly newsletters, Alphaliner argues 
that the global GDP multiplier, ie. the 
ratio between world TEU growth and 
world GDP growth, is no longer stable. 
Alphaliner’s findings show that the global 
GDP multiplier fell from an average of 
3.5 in the 1990s to an average of 2.7 in 
the 2000s and 2.1 in the last few years. 
[Alphaliner: vol. 2013, issue 17, April 2013]. 
Figure 2 presents the GDP multiplier for 
the European container port system based 
on our calculations. The trend in Europe 

seems to be opposite to the global trend 
described by Alphaliner: the European 
GDP multiplier is on the rise, partly 
because of the recent trend toward lower 
GDP growth rates in the EU. 

The evolution in the European GDP 
multiplier is another demonstration of the 
complex relationship between port traffic 
and economic growth. On the one hand, 
the nature of economic activities in more 
mature economic regions in Europe is 
increasingly oriented toward the services 
sector, with agriculture and industrial/
production activities (both strong port 
traffic generators) facing increasing 
pressure from international competition. 
On the other hand, the cargo base of many 
seaports has been greatly affected by the 
changing logistics function of seaports as 
turntables in global supply chains, but also 
by the setting of (European) distribution 
systems, the emergence of extensive 
intermodal transport systems/corridors 
and the growth of hub-feeder networks 
in liner shipping. These trends have made 
the relation between port volume and 
the economic situation in the immediate 
hinterland of the port more diffuse, 
particularly when considering the larger 
main ports and transhipment hubs.      

Cargo volumes in the 
European port system 
Professor Theo Notteboom, ITMMA, 
University of Antwerp, Belgium

Figure 1: Year-on-year growth in total EU port traffic (basis = tonne) and EU GDP. Note: growth 

figures 2012 and quarter one 2013 are estimates based on a sample of about 60 European ports.
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Traffic evolution per cargo group
Figures 3 and 4 provide more detail on 
the traffic evolution for five cargo groups: 
liquid bulk (mainly oil and oil products), 
dry bulk (major bulks such as iron ore, coal 
and grain, but also minor bulks such as 
minerals and fertilisers), containers, roll-on/
roll-off (RORO) cargo and conventional 
general cargo (steel, forest products, heavy 
lift, etc.). The latter two cargo groups were 
initially affected the most by the crisis with 
a volume drop of nearly 20 percent in 2009. 
The recovery in 2010 was too weak to undo 
the 2009 effect. The year 2012 brought 
volume losses, after a stagnation in 2011. 
Container traffic was also heavily affected 
in 2009, but since 2010 the European 
container port system shows some growth 
again, be it at a much lower rate than before. 

Liquid bulk volumes initially recorded 
a rather modest decline in 2009, but 
growth figures have remained negative 
ever since. The differences between 
the growth paths of the respective 
cargo groups changed the cargo type 
distribution in the European port system 
(see Figure 5). Liquid bulk still accounts 
for the largest share, but its relative 
importance has dropped from about 40 
percent in 2005 to 36.4 percent in 2012. 
Also dry bulk and conventional general 
cargo flows could not hold on to their 
respective shares. The position of RORO 
traffic in total European port throughput 
remained fairly stable. Containerisation 
is still on the rise despite the observation 
that the crisis has lowered the ‘container 
fetish’ of many European seaports. 
Indeed, the modest growth figures in 
containerised trade in the past few years 
have given incentives to port authorities, 
market players and investors to rebalance 
their commercial interests to include a 
range of promising non-containerised 
commodity flows.   

Are we back at pre-crisis  
traffic levels?
Not really. Total cargo throughput in 
European ports in 2012 was still 10 
percent below the 2008 volumes (see figure 
5). Our outlook for 2013 points to a very 
small change compared to 2012. Next to 
dry bulk and conventional general cargo, 
liquid bulk flows seem to face a hard time 
to turn the tide. Only container traffic in 
European ports has managed to rise above 
the 2008 level.   

 However, large differences exist 
between individual ports. Figure 6 depicts 
the case for container ports in Europe, 
with growth figures between 2008 and 
2012 expressed in TEU and growth rate. 
The highest growers can be found all 
over Europe, including countries such 
as Greece, Portugal, Spain and Italy 

which have been severely affected by 
the government debt crisis. The weakest 
performers in terms of growth are also 
found all over Europe, including in 
countries with the best economic status 
in the Eurozone (such as Germany). In 
other words, seaports in countries with 
the weakest economies of Europe do not 
necessarily underperform compared to 
seaports in stronger countries. This serves 
as another demonstration of the ever 
more complex relation between economic 
activity in the immediate hinterland and 
port traffic.      

Changing market conditions
The European port scene is not only 
confronted with a changing environment 
in terms of traffic growth. It is also facing 
markedly changed market conditions. 
Firstly, ports are challenged to cope with 
increased market uncertainty and volatility. 
Uncertainty is not a new phenomenon but 
the related intensity seems to be changing 
with the rise of non-linear developments, 
trend breaks and the so-called ‘Black 
Swans’. It is important to underline that 
market volatility in ports has exogenous 
causes (such as economic cycles) and 

Figure 2: The GDP multiplier in the EU container port system.

Figure 4: Distribution of cargo flows in the EU port system.

Figure 3: Year-on-year growth in total EU port traffic (basis = tonne) for cargo groups.
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endogenous causes linked to the actions 
of market players. While the economic 
crisis caught the maritime industry and 
ports by surprise, one could argue that the 
current continued overcapacity situation 
in liner shipping is mainly the result of 
endogenous actions of shipping lines. 

Market uncertainty has quite a lot of 
consequences for ports. It strengthens the 
role of ports as buffers in supply chains. 
Under the motto “uncertainty is the mother 
of inventory” [Martin Christopher], the 
past few years have brought a remarkable 
investment wave in warehouses, tank 
farms and other storage facilities in port 
areas across Europe, often supported by an 
active commercial policy by port authorities 
and (local) governments (eg. ‘port-centric 
logistics’ concept in the UK). Furthermore, 
market uncertainty challenges traditional 
forecasting techniques and port planning/
investment tools. Port authorities are 
trying to respond to the increasing need for 
flexibility in port planning and development 
via the use of more adaptive planning tools.

Secondly, there is a strong downward 
pressure on profit margins in the port and 
shipping industry. Customers demand 
higher service levels for the same or even 
a lower price. Market players are trying to 
differentiate themselves from competitors 
and are increasing the scale of operations 
through mergers and acquisitions or alliance 
formation and partnerships, which allow 
them to spread investment risks. Incumbent 
firms try to defend their market share by 
raising market-based barriers to entry. The 
high capital requirements in the port and 
maritime industry and the difficult access 
to capital enhance market consolidation 
and partnerships. Seaports are increasingly 
operating in buyers’ markets; there are no 
signs that we will move to a sellers’ market 
in the short or medium term. The buyers of 
port services look for supply chain solutions 
and develop a strong network focus. 

So, ports have to develop a stronger 
focus on how they can contribute to the 
supply chain excellence of the port users. 
Ports that do not respond adequately 

to the buyers’ market imperatives will 
lose ground. Port authorities need to 
have sufficient autonomy to develop the 
necessary adaptive capabilities so that 
they can respond in an appropriate way 
to the volatility in the market and the 
requirements of the powerful ‘buyers’. 
In such a market environment, port 
throughput growth might no longer be the 
best indicator of success. It might be more 
a matter of binding supply chains to the 
port in a sustainable way based on a close 
partnership with the respective port users.
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Figure 5: Index evolution of throughput in the EU port system (2008=100).

Figure 6: Strong growth differences between individual ports – TEU traffic.
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A recent report highlighted that 86 
percent of respondents agreed that the port 
community needs to better understand 
how to address climate change risk issues. 
[Becker A, Inoue S, Fischer M, Schwegler 
B (2010) Climate Change impacts 
on international seaports: knowledge, 
perceptions and planning efforts among 
port administrators.] However, this 
awareness and understanding can be 
difficult and costly to obtain, unless the 
port has participated in a local or regional 
climate change vulnerability assessment or, 
has had to consider future climate change 
as part of proposed expansion plans. The 
simple fact that many impacts are not yet 
readily visible or evident at a local scale 
is also diminishing the lack of urgency to 
respond.  

Greg Fisk, national practice leader, 
environment section at BMT WBM, a 
subsidiary of BMT Group, believes the 
key to effective adaptation is through 
ports starting to consider and plan for 
climate change issues and vulnerabilities 
sooner rather than later before significant 
impacts (and the costs to rectify them) 
occur. However, climate change adaptation 
is a complex issue and even the most 
proactive organisations struggle with 
the uncertainty posed by future climate 
change and the development and timing 
of appropriate actions. Greg highlights 
a pragmatic and cost effective solution 
that can be implemented, starting with 
the identification of key vulnerabilities, 
incorporation of climate change into 
long term decision making and setting 
trigger points for future action that can be 
monitored over time. 

Risks
While ports are the cornerstone of 
international trade and globalisation, they 
are also increasingly at risk of climate 
change threats such as rising sea levels, 
intense storms including hurricanes 
and cyclones and higher temperatures. 
Adapting to changes in water levels 
is constrained by not only a lack of 
appropriate or endorsed engineering 

standards for maritime infrastructure, but 
also uncertainty in the rate of sea level 
rise and the practicalities of replacing 
or updating the infrastructure design. 
Significant long term increases in 
water levels may also cause navigational 
constraints with respect to overhead 
clearance such as bridges. 

Wind, more powerful waves and higher 
storm surges, especially when coupled with 
rising sea levels are also key threats to port 
infrastructure, security and operational 
efficiency. Damage to infrastructure from 
erosion and storm surge inundation is 
costly to replace and maintain, particularly 
where existing coastal defence structures 
are old and no longer fit for purpose. More 
and longer delays to shipping caused by 
more frequent and larger storm events 
may also gradually have an impact on the 
reliability of marine shipping. Siltation 
rates are likely to increase with increased 
storm activity leading to the need for 
additional maintenance dredging and 
associated management of dredge spoil. 

Furthermore, threats related to higher 
temperatures are similar to that of other 
transport infrastructure in the context 
of thermal impact to paved surfaces 
and load bearing equipment, as well as 
the increased possibility of heat-related 
illnesses among staff. 
The potential and severity of these threats 
to directly impact will vary from port to 
port and will depend on how much and 
how quickly the climate changes and 
what steps are being taken to reduce 
vulnerabilities and increase resilience. 

Response
There are two main policy responses to 
climate change � mitigation and adaptation. 
Mitigation addresses the root causes, by 
reducing greenhouse gas emissions, whilst 
adaptation seeks to lower the risks posed by 
the consequences of climate changes. While 
there are a number of initiatives by ports 
and more broadly by the shipping industry 
to control or reduce carbon emissions, 
adaptation by ports to climate change is 
still a new issue in many jurisdictions. This 

however, has not precluded several nations 
from starting to regulate the consideration 
of c limate change in infrastructure 
planning, most notably in the UK where 
major infrastructure, including ports are 
required to undertake a risk assessment 
and adaptation plan under the UK Climate 
Change Act 2008. 

Even in the absence of a clear regulatory 
requirement, many ports worldwide are 
attempting to respond to climate change 
impacts by developing specific policies 
and strategies and identifying associated 
risks and hazards. However, this adaptation 
response can be highly constrained by 
short term economic pressures and the 
uncertainty inherent in climate predictions. 
The simple fact remains � many impacts 
are not yet readily visible or evident at a 
local scale. However, the occurrence of 
recent extreme events such as Hurricane 
Katrina and Cyclone Yasi are quickly 
pushing this issue higher up local 
authorities’ agendas in order to consider 
how ports in these regions will cope when 
such extreme events are occurring more 
frequently in the future. 

The Royal Melbourne Institute of 
Technology (RMIT) University’s March 
2013 report entitled ‘Enhancing the 
resilience of seaports to a changing 
climate’ which was produced through 
funding from the National Climate 
Change Adaption Research Facility, 
further highlighted the need for ports to 
be fortified against the effects of climate 
change. Examining ports in Sydney, 
Port Kembla and Gladstone, the report 
identified the overall vulnerability of key 
assets at each port to climate change but 
noted that different climate variables - 
tropical cyclones (Gladstone), high wind 
speeds (Port Kembla), and storm surge 
and tides (Sydney), were perceived as the 
most important across the three ports 
and as a result will likely drive different 
adaptation responses.

Actions
This leads to the invariable question: 
what are the most appropriate actions a 

Addressing climate 
change in ports
Greg Fisk, national practice leader (environment),

BMT WBM Pty Ltd, Brisbane, Queensland, Australia
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port should be taking now to deal with 
climate change? The RMIT University’s 
recent idea of an online ‘toolkit’ to help 
port authorities adapt to climate change 
is certainly a step in the right direction but 
is yet to be fully developed. Likewise, there 
are a range of online toolkits available for 
climate change adaptation for general 
infrastructure planning purposes, but 
few that are specifically targeted at port 
planners and asset managers.

Carrying out a vulnerability assessment 
and adaptation planning process is an 
important first step to demonstrate to 
internal and external stakeholders that 
ports have practically considered the 
implications of future climate change and 
more importantly, have a blueprint for 
future action that can be implemented 
over time and on an ‘as needed’ basis. This 
balanced, risk-based approach to climate 
change adaptation can be encapsulated in 
three practical steps.

Firstly, identify and gather the critical 
information needed by the organisation 
to inform decision-making. For example, 
sourcing data in relation to global forecasts 
and scaling down the information for 
more regional and local statistics to better 
understand what is likely to happen 
with the weather in the future. The next 
part of this step is to then identify the 
key assets within the port and which 
of those assets are vulnerable based on 
their exposure and sensitivity to future 

climate change impacts. Secondly, develop 
response measures that are appropriate for 
implementation now, such as monitoring 
and data collection, pilot/feasibility studies 
and the development or refinement 
of building and design guidelines. 
Thirdly, implement triggers that can be 
incorporated into long-term planning and 
serve as a flag for future action when the 
impacts from climate change become more 
apparent and are no longer considered an 
acceptable risk.

In conclusion
The words ‘climate change’ can often 
be met with cynicism but we can’t deny 
the fact that extreme weather events 
continue to create significant challenges 
for our coastal zones � challenges which 
ports cannot ignore. However, effective 
adaptation does not need to involve 
major changes or shif ts away from 
traditional port planning processes or 
require significant financial investment 
� it ’s about considering the most cost 
effective approach to better understand 
the trajectory of impact on high risk/
vulnerable assets or areas associated 
with port infrastructure. Taking a more 
balanced, risk-based approach will help to 
debunk the mystery that often surrounds 
climate change and equip ports with the 
understanding and knowledge they need 
to ensure the protection of their high 
value assets.

The impact of climate change is not yet readily visible or evident at a local scale and is diminishing 

the lack of urgency to respond.
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There is a wide range of studies on port 
efficiency but curiously enough, these 
studies have never focused on turnaround 
t imes in ports , despite this  being 
considered as a key indicator of efficiency. 
More often we see studies in operations 
research about queuing models of vessels 
in relation to port entrance channels 
and berth allocation and productivity, 
but there is a drastic lack of systematic 
reporting and analyses of ship turnaround 
times. This paper wants to fill this gap, by 
presenting an overview of time efficiency 
in world container ports in 1996, 2006, 
and 2011.

The calculation of average turnaround 
t ime (ATT) is  straightfor ward; i t 
corresponds to the average difference 
between date of departure and date of 
arrival among all container vessels calling 
at a port (or country) within one month 
of navigation. The unit is the number 
of days per call. Other measures such as 
standard deviation could have been used, 
but the average value better matches the 
practical reality of port operations. Data 
obtained from Lloyd's List Intelligence 
(LLI) is the base upon which such a 
large-scale analysis can be conducted, 
as it embraces about 98 percent of the 
world’s container fleet. The time range of 
one month was judged to be sufficient to 
provide a global snapshot of the situation 
at different years, in the month of May. 
We conducted this analysis at the level of 
countries and ports.

Global snapshot at country level
Mapping the scores of countries reveals 
interesting trends in the geographic 
distribution and evolution of average 
turnaround times. In 1996, many former 
socialist countries, as well as China 
have the worst performance (eg. Cuba, 
Ukraine, Baltic States, Poland, Russia, 

India, Vietnam, North Africa), compared 
with other  Asian, European, and 
American countries. Germany still bore 
more resemblance with East European 
countries and Russia than with West 
Europe where most countries exhibit 
high efficiency. Interestingly, Canada and 
Australia rank rather low in 1996, while 
Japan has the highest efficiency among 
countries handling large traffic volumes. 
The east-west divide faded away by 2006 
as most former socialist countries had 
improved their score, except Vietnam and 
Cuba. On the contrary, the time efficiency 
of African countries worsened over the 
period. Gradual improvements are also 
visible for Russia, Brazil, Canada, and 
Turkey.

Although China remains the major 
exception in 2006 with the lowest 
efficiency and the second highest number 
of vessel calls, its profile in 2011 has 
totally changed as it reached the first rank 
for the number of calls and an average 
turnaround time of 0.96 days, compared 
with 5.8 days in both 2006 and 1996. 
This evolution is unique in its scope and 
pace compared with the more gradual 
improvements of some large countries 
and the stagnation of others (eg. India, 
Indonesia, South Africa). China remains 
slightly below Hong Kong (0.72 days), 
Taiwan (0.71 days), and South Korea 
(0.68 days), but it has outpaced Singapore 
(1.16 days) and the United States (1.02 
days). In comparison, Africa as a whole 
lags behind the world average: most of 
its countries exhibit very long average 
turn around times also in 2011, with 
the exception of Morocco and Egypt. 
Perhaps, on-going improvements of port 
facilities in Africa by a number of global 
terminal operators in recent years through 
public-private partnerships were still to 
materialise in 2011. 

Time efficiency across world 
ports
The same analysis at port level confirms 
the concentration of highest efficiency 
is in the North Atlantic region and 
in Japan in 1996, as opposed to the 
worst efficiency at Shanghai, Tianjin, 
Jakarta, St. Petersburg, Gdansk, and 
� surpr is ingly -  Montreal . S trong 
national and continental effects explain 
the limited differences among ports 
of the same country or range: this is 
a c lear evidence of the importance 
of  nat ional  trans-por t  pol ic ies  on 
l o c a l  p e r f o r m a n c e . E u ro p e  a s  a 
whole has gone through a process of 
integration and harmonisation, with the 
Scandinavian ports consistently having 
the highest efficiency. Within China, 
Ningbo has become the most efficient 
of the largest ports (0.49 days) before 
Shanghai (0.79 days), Chiwan (0.59 
days), Yantian (0.65 days), and Shekou 
(0.95 days), while Tianjin (2.94 days) 
and Zhoushan (5.46 days) remain far 
less efficient. Latin America in general 
is  character ised by good efficiency 
over the period, with Caribbean ports 
having highest scores (eg. Puerto Rico, 
Colombia). Peru and Northern Brazil 
lags behind, and Kingston ( Jamaica) 
as well as several Chilean ports have 
improved gradually. The picture is much 
contrasted in North America where west 
coast ports tend to have lower efficiency 
than the rest, notably compared with the 
high (and growing) efficiency of Halifax 
and other east coast and US Gulf ports: 
this reflects the different legacies and 
challenges faced at those port ranges. In 
the rest of the world, the worst efficiency 
scores at large ports are seen at Kolkata 
(India), Mombasa (Kenya), and Algiers, 
whereas African ports consistently have 
the worst scores on port efficiency over 

Examining container 
vessel turnaround 
times across the world
César Ducruet, research fellow, 
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Co-operation and Development (OECD), Paris, France
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Figures 1a, 1b, 1c: Average turnaround time per country, 1996-2011 Figures 2a, 2b, 2c: Average turnaround time per port, 1996-2011
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the whole period. Yet, there are diverse 
trajectories within a single country, as 
seen with Mumbai gradually improving 
its time efficiency, while other Indian 
ports stagnate or even increase their 
ATT. Within a given port range like 
North Europe, only Hamburg exhibits 
regular improvement, but this being 
from the worst score in 1996. Le Havre 
has experienced the biggest increase in 
ATT until 2006 but has gone back to 
good efficiency in 2011, performing on 
average better than other ports, with a 
comparable performance with Felixstowe 
and Bremerhaven. 

Although there are certainly ways 
to refine the measurement of ATT, 
such as on a weekly basis, by standard 
deviation rather than average, by relating 
it to containers handled, or only for 
large vessels, it appears as a useful 
benchmark for evaluating countries 
and ports' ability to efficiently operate 
container flows within their terminals. 
A fruitful  approach would also be 
to test the c loseness between ATT 
and other measures at country level 
(using the World Economic Forum 
Por t  Infrastructure  Q ual i t y, DHL 
Global Connectedness Index, Liner 
Shipping Connectivity Index, World 
Bank Logistics Performance Index) and 
at port level. This could help to better 
describe how certain countries, such as 
China, have drastically improved their 
port efficiency, whereas other countries, 
indeed whole continents (such as Africa) 
have continued to score badly on ship 
turnaround time. A closer look at port 
functions also seems necessary because 
ATT may greatly vary according to the 
importance of transhipment activities in 
certain ports. 

Improving time efficiency
The ways by which container ports may 
improve their time efficiency are very 
diverse and can be summarised in three 
main approaches, aimed at improving 
ship-to-shore operations, other terminal 
operations and port functions as a 
whole. Ship-to-shore operations can 
be improved by vessel queuing systems, 
modernisation of equipment that will 
allow for quicker operations (double 
cycling, tandem and multiple lift cranes) 
and qualified personnel able to achieve 
high crane productivity rates. Ship-to-
shore operations are largely dependent 
on other terminal operations, including 
yard equipment, terminal surface, storage 
capacity and terminal planning; these can 
be bottlenecks that affect the average turn 
around time of a ship. 

This turn around time will also be 
quicker if the conditions in the whole 

port area are more favourable, including 
good intermodal connections with the 
hinterland within an integrated transport 
system, truck appointment systems at the 
terminal gate, and increased competition 
between different terminals and global 
terminal operators. Such solutions are 
often implemented at new port-sites 
outside traditional port cities where lack 
of space and congestion in high-density 

urban areas remain a challenge. One 
of the contributions of this study is the 
complementary perspective it provides 
on time efficiency where continental 
and national factors play a vital role 
alongside individual port trajectories: port 
authorities can improve the efficiency of 
their ports, but their choices are to some 
extent determined and constrained by 
national conditions. 
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“When a port or navigation channel suffers from siltation, and 
maintenance dredging is required on a regular basis, water injection 
dredging should be the first dredging method to consider.”
‘UK sets global trend with water injection dredging’, page 28.



The Gorgon project was executed for 
Chevron Australia Pty Ltd, together 
with Kellogg Joint Venture - Gorgon. 
Boskalis Australia was involved in the 
ear ly contractor involvement phase 
and was responsible for the design and 
construction of a major LNG harbour 
at Barrow Island, approximately 60 
kilometres off the North West coast 
of Australia. The project inc luded 
the construction of facilities for the 
transshipment of equipment, a 200-
metre quay wall, a number of ‘dolphins’ 
and ro-ro facility. Boskalis was also 
responsible for the logistics and the 
program management for some of the 
basic infrastructure. 

Logistical challenges
The isolated location of Barrow Island 
meant a huge logistical effort was 
required. “It was quite a challenge to get 
the people, the equipment and the rocks 
needed for the coastal protection on 
Barrow Island into the right place safely. 
Just transporting the rock, for example: 
about 475,000 tons of rock had to be 
transported all the way from Perth for 
the coastal protection structures,” explains 
project director Raymond Yeung. “We 
used five large seagoing tugs that sailed 
back and forth with 10,000 and 12,000 
tonne barges. That is the equivalent of a 
3,000-kilometre voyage.”

Accommodation and transportation for 
the workforce was also quite a challenge. 
One of the most remarkable aspects of 
the Gorgon Project was that everything 
took place at sea - working and living. 
Apart from an airport, Barrow Island has 
no other facilities. This meant that all the 
staff at the height of the project, more 
than 500 people, had to be housed on 
the accommodation vessel Finnmarken. 
Every day large quantities of food had to 
be delivered to the vessel and hundreds 
of employees had to be ferried to and 

from work every day by ship. Given that 
embarkation and transferring between 
vessels carries well-known risks, much 
attention was paid to this during the 
preparation. A number of smaller boats 
used for crew changes underwent technical 
modifications to make transfers as safe as 
possible. This remained a recurring item at 
the so-called toolbox meetings. And it paid 
off, with around 450,000 safe transfers 
made during the course of the project.

The frequent cyclones in the region were 
also a complicating factor and constant 
contact was maintained with the Australian 
meteorological institutes. “If the weather 
conditions forced us to do so, all activities 
were halted,” said Raymond. “All vessels 
and other equipment are demobilised to 
a sheltered location at Dampier, around 
80 nautical miles east of the project. For 
instance, we were demobilised 12 times 
during the cyclone season of 2010-2011. 
Sometimes it lasted a few days, sometimes 
more than two weeks.”

Environment
A priority on this project was the 
protection of the characteristic native 
animal and plant life on and around 
Barrow Island. The work was carried out 
under an extensive set of environmental 
requirements, ranging from the use of 
biodegradable hydraulic oil and waste 
separation, to str ingent quarantine 
requirements.

Anyone travelling to Barrow Island 
by air or sea was subject to strict checks 
to prevent non-native plant and animal 
species from being introduced to the 
island. For example, all vessels had their 
hulls thoroughly cleaned, in many cases 
in dry dock. Every last piece of dry 
equipment was brought to a specially 
designated, demarcated area where it was 
taken apart and checked for the presence 
of any seeds, substances and small 
creatures. 

Gorgon Australia: 
meeting every 
challenge
Raymond Yeung, 
Boskalis Australia, Chatswood, Australia

Aerial photo made in april 2012

Top: FinnMarken; the accommodation 

vessel was the home base for hundreds 

of project staff for a long time; Next page, 

left to right: Trailing suction hopper dredger 

Gateway is able to dredge in adverse 

weather conditions; Around 450,000 safe 

transfers have been made during the course 

of the project
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Safety
With over 2,600,000 man-hours worked 
the number of serious incidents on the 
Gorgon Project stands at zero. 

Another challenging project in 
Australia
The Ichthys gas field is part of the 
Browse Basin and is more than 850 
k i lometres  of f shore  f rom Dar win 
Harbour in the North of Australia. The 
gas will be taken to Darwin over the 
seabed through a 42-inch Gas Export 
Pipe. The construction of the pipeline, 
the longest in the southern hemisphere, 
will require as much steel as 93 Eiffel 
Towers. The pipe will run into a trench 
about 18 kilometres offshore. It will be 
held in place initially by smaller rocks. A 
layer of larger rock will follow, creating an 
artificial reef. This section of the pipeline 
will lead to Darwin Harbour, 100 metres 
to the south of the Bayu-Undan pipeline 
to Indonesia, another construction project 
in which Boskalis was closely involved 
back in 2004. The Boskalis work will 
include the trenching work, the rock 
placement, and the ‘pipe pull’ over a 
distance of approximately 3000 metres. 
For the landfall, a cofferdam and a winch 
platform will be built on land. 
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Most large ports are located in cities and 
the majority of the largest world cities are 
port-cities. However, port-cities remain 
fairly unexplored in academic research. 
There is an ocean of studies on cities; for 
ports this would be a lake, for port-cities 
a pool. The knowledge on port-cities 
is fragmented and specific rather than 
comprehensive and comparative, and 
in most cases not policy-relevant, a few 
exceptions aside. That is the reason why we 
at the OECD have created the port-cities 
programme and taken up the challenge to 
come up with a comparative assessment of 
port-cities: their performance, the impacts 
of ports on their territory, and port-city 
policies that have worked to increase the 
positive effects. A synthesis report with 
our main conclusions will be released 

in September 2013, some of our main 
findings are revealed here.

Considering economic impacts 
The economic impacts of ports are well 
documented. They lower the costs of 
trade, create added value and employment 
and are associated with innovation in 
port-related sectors. Just a few examples 
to illustrate this are: doubling in port 
efficiency of two countries was found to 
increase their bilateral trade volume by 33 
percent. One tonne of port throughput is 
on average associated with USD$100 of 
economic value added based on a meta-
study of more than hundred port impact 
studies, conducted for our programme. 
And an increase of one million tonnes 
of port throughput is associated with an 

increase in employment in the port region 
of 300 jobs in the short term, based on our 
research on European port-regions.

Nine out of the 10 world regions with 
the largest amount of patent applications 
in shipping are home to one or more large 
global ports, including Houston, Los 
Angeles/Long Beach, Tokyo, Oakland and 
Rotterdam.

However, a lot of the economic value 
spills over to other regions. Firms in 
other regions also benefit from efficient 
ports when exporting and importing, and 
links with other sectors mostly take place 
outside the port region. Our analyses 
shows that less than 5 per cent of the 
economic linkages with suppliers takes 
place in the port or the port-region, with 
a larger share in the main economic centre 

Ports as sources  
of prosperity for  
their cities
Olaf Merk, administrator - Port-Cities Programme, 
Organisation of Economic Co-operation and Development (OECD), Paris, France

Ports are known to lower the costs of trade, create added value and employment and are associated with innovation in port-related sectors.

P
ho

to
 C

ou
rt

es
y 

of
 S

in
db

ad
 B

on
fa

n
ti

Port  Technolog y Internat ional  -  Edit ion 59   25 

PORT PLANNING,DESIGN AND CONSTRUCTION



of the country, which could be relatively far 
away from the port, eg. Ile-de France for 
the ports of Le Havre and Marseille; and 
Bavaria and Baden-Württemberg for the 
port of Hamburg.

Assessing negative effects
At the same time, many negative port 
impacts are highly localised. These are 
mostly related to the environment: the 
pollution of air, soil, water, degradation of 
biodiversity, noise and dust. In addition, 
ports generate congestion related to 
hinterland traffic and they occupy space 
that could be used for other purposes. 
These impacts can be very substantial 
eg. more than half of the SO

2
 emissions 

in Hong Kong are related to shipping; a 
third of the land surface of the city of 
Antwerp consists of its port. Most of these 
negative impacts are very localised. These 
either take place close to the port area eg. 
when it comes to noise and dust, or in the 
larger metropolitan area for air emissions, 
water quality, congestion and land use. 
This imbalance has increased and is set to 
increase further. 

The port business has become less 
labour intensive, logistics and industrial 
functions are located further away from 
ports and ports are located further away 
from their cities. At the same time, there 
are concentration tendencies among 
ports, so negative impacts intensify. Such 
dynamics will most likely continue with 
ever-larger ships and more port terminals 
run by international terminal operators for 
which creating local economic value is not 
their primary concern. 

Responding to the situation
Evidently, the port needs to be competitive 
if cities want to benefit from it: port-related 

added value and employment is strongly 
related to urban wealth. Ports can be 
made more competitive by strengthening 
their maritime links, port operations and 
hinterland connections. Local goodwill 
for port functions in cities is essential and 
can be earned through consistent port 
communication policies. Environmental 
policies and incentive schemes have 
reduced a variety of environmental impacts, 
transport policies in and around ports have 
mitigated congestion and port relocations 
have freed up centrally located urban land 
for other functions. 

Maximising local value from 
ports
There are three main policy orientations 
for creating economic value based on 
port activities: maritime services clusters, 
industrial development and port-related 
water front development. Marit ime 
services clusters try to attract high value-
added services related to the maritime 
industry, such as maritime finance, 
consulting, law and engineering services. 
Industrial development related to ports 
has traditionally taken place because many 
industries are interested in being close to 
imported resources and consumer markets. 
Finally, waterfront development has 
frequently managed to capitalise on port 
and maritime heritage and transform this 
into a source of urban growth. 

A range of policy instruments is 
applied to support these strategic 
orientations. These include incentive 
schemes , t ra in ing  and educat ion , 
platform organisations and knowledge 
transfer schemes to attract high value-
added companies that could make the 
city an international maritime services 
centre; Singapore is a clear example 

of proactive policies in this regard. 
With respect to industrial development 
on port sites, many initiatives have 
emerged that position the port as a site 
for industrial ecology (Rotterdam) and 
renewable energy (Bremerhaven). Master 
planning and financial mechanisms for 
redevelopment have been applied to 
waterfronts in order to create areas with 
interesting mixes of functions, whilst still 
being connected to the port in some way, 
such as Port Vell in Barcelona. 

Gauging success
However, it is not always very clear which 
policies have worked. Objective assessments 
of specific port-city policy instruments are 
rare, especially with regards to economic 
port-city policies. Relatively much is 
known on the most important factors for 
competitive ports, even if policy design 
and implementation relies in most cases on 
common sense of port authorities rather 
than established academic insights. There 
is some evidence on the effectiveness of 
certain transport policy instruments, such 
as the clean truck programme and terminal 
gate strategies both applied in the ports of 
Los Angeles and Long Beach. Several ports 
have also started to track environmental 
impacts, the reduction of which can 
sometimes be linked to policies. However, 
the impacts of a specific policy in many 
fields still need to be clarified. 

Ports and cities are historically strongly 
linked, but the link between port and city 
growth has become weaker. How can ports 
again become the drivers of sustainable 
urban economic growth? Such has been 
the question at the core of our OECD 
port-cities programme. In our research 
we have attempted to identify the link 
between port-city performance and port-
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Ports are responsible for localised 

environmental impacts such as air and  

noise pollution. 

Strengthening links between maritime 

and port operations, as well as hinterland 

connections can improve competitiveness.
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city policies using principal component 
analysis on a dataset of around 30 port-
cities. We find clear indications of links for 
port policies, transport policies and policies 
stimulating university-business cooperation: 
more active policies in these fields have 
a positive influence on performance. This 
indicates the relevance of policies; they can 
have a concrete impact, even if we would 
like to know more about what has worked 
and why. Our analysis makes up the state 
of the art on port-city policies, categorises 
instruments and gives an overview of their 
assessments; as such we hope it can be 
useful tool for port professionals. In addition 
to an assessment of the state of the art, it is 
also an invitation to continue the assessment 
of what has worked and what has not, in 
order to facilitate prosperous port-cities.

Economic value can be extracted from port 

activity through careful master planning and 

sound policies. 
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Tel: +44 (0) 1803 869292    
sales@valeport.co.uk
www.valeport.co.uk

Tide 
Gauges

VRS-20 Radar  
Level Sensor

a new approach to tide and  
water level measurement 

Non-contact measurement of water level

Direct interface to TideMaster tide gauge 

Use with own logger or PC via digital outputs

Direct output via GPRS to internet 

in our element
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Water injection dredging (WID) is a 

relatively new hydrodynamic dredging 

technique, developed 25 years ago. WID 

has been gradually gaining popularity 

for maintenance dredging and other 

applications, because it is a cost-effective 

and environmentally sound solution to 

some specific dredging challenges. The 

very first purpose-built water injection 

dredger – Jetsed, was christened in 1987. 

Now, more than 25 years later, WID is 

used all over the world and Van Oord is 

the market leader in this relatively small but 

growing segment of the dredging industry.

Maintenance dredging
Van Oord engineering geologist Marcel 

van den Heuvel is involved with WID 

projects on a daily basis. He explains: 

“By injecting a large volume of water 

under low pressure into the bed, we 

bring the sediment that has settled on 

the bottom into suspension and create 

a discrete current that flows over the 

bed through the action of gravity. This 

fluidised sediment layer stays relatively 

close to the bottom and causes very 

little turbidity as a result. It flows away 

down slope or is carried away by natural 

tidal or river currents. It is an efficient 

way of maintaining the depth of a port or 

river. When a port or navigation channel 

suffers from siltation, and maintenance 

dredging is required on a regular 

basis, WID should be the first dredging 

method to consider. When the boundary 

conditions for WID are in place, it is the 

most cost-effective way of maintaining 

navigable depth in the waterways.”

UK sets trend with long-term 
relationships

Van Oord water injections dredgers, 

eleven in total, are used to capacity. WID 

has been used widely in India, Brazil and 

northwest Europe for many years. Water 

injection dredger – Jetsed works mainly 

in the UK, the Netherlands, Germany, and 

France but occasionally it has also been 

deployed outside this region. In 2006 for 

example, it went to Richards Bay, South 

Africa, to dredge out a ship that had run 

aground. “This shows how versatile WID is”, 

says Maurits den Broeder, Van Oord area 

manager in UK and Ireland. “Every quarter, 

water injection dredger – Jetsed sets 

course for the rivers Thames and Medway. 

We’ve carried out a series of projects in 

these UK waters for ten years now. The 

projects are intensive because they are of 

relatively short duration and carried out for a 

variety of different clients. The Jetsed works 

steadily on maintaining breakwaters, locks 

and harbour basins. The Jetsed can move 

in any direction and can work very close to 

shore and even beneath the breakwaters, 

and uses side nozzles to clean quay walls. 

The differential global positioning system 

(DGPS) and digital bathymetric mapping 

tools are fully integrated in the onboard 

control systems of the water injection 

dredger for maximum control of the WID 

process. In the past years, our database 

of executed projects has grown to more 

than 25 separate clients in the UK and 

Ireland. These are long term relationships, 

ranging from small local companies to large 

international corporations.”

Jetsed in great shape
Mr den Broeder continues: “The Jetsed 

was recently fitted with a new injection bar 

measuring 13.4 metres wide. The bar has 

42 small water jet nozzles that can pump 

three cubic metres of water per second 

into the bed. Thanks to a meticulous 

maintenance regime, the vessel is still in tip-

top shape. Right now, the Jetsed is carrying 

out annual maintenance in the Thames. We 

celebrated its silver jubilee here. The water 

injections dredgers – Odin and Baldur also 

have the UK as their base of operations and 

perform maintenance dredging there every 

year at various locations.”

Close collaboration
Envi ronmenta l  considerat ions and 

collaborative working are also key priorities. 

Mr den Broeder says: “Each and every one 

of our clients have different requirements, 

needs and opinions and we tailor our 

approach to the area we work in. For 

example, we do not operate the Jetsed 

during the spawning season for eel, salmon 

and other migratory fish. The crew of the 

Jetsed also takes bird migration into 

account in their plans. On top of everything 

else, we comply with strict noise level 

requirements and operate in strong tidal 

currents. We have close ties with both 

our clients and the port authorities. That’s 

absolutely essential given the specialist and 

labour-intensive nature of the WID work 

that Van Oord carries out. After so many 

years, our clients and port authorities have 

come to know and trust us. The clients 

know that we deliver quality, and they can 

count on our flexibility.” 

Pianc guidelines
Mr van den Heuvel is convinced that the 

application of WID has much potential 

and that, once this technology is fully 

understood by all stakeholders, a large 

increase of WID activities will be the 

result. “WID is an alternative to traditional 

dredging with a trailing suction hopper 

dredger. It is often a challenge to introduce 

this technique to new clients, consultants, 

legislative bodies and other stakeholders. 

Trai l ing suction hopper dredging is 

proven technology and the environmental 

impact of this technique is known and 

accepted. When WID is introduced to 

new customers today, in a time with more 

environmental concerns and awareness, 

resistance from various environmental 

inst i tutes may ar ise. The dredging 

authorities do not always foresee the 

applications of WID. For instance, often, 

a dumping area is defined as the end 

position of the dredged sediment. Since 

UK sets global trend with water 
injection dredging 
Maurits den Broeder, area manager UK and Ireland, Van Oord, Newbury, United Kingdom and Marcel van den Heuvel, 
engineering geologist, Van Oord, Rotterdam, The Netherlands 
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WID makes use of the natural balance of 

erosion, transportation and deposition of 

sediments, the exact end position is not 

always known. But this does not mean 

that the environmental impact of WID 

is automatically larger or different from 

traditional ways of dredging.”

Accounting for all concerns regarding 

the process is required to encourage 

further application. Mr van den Heuvel 

continues: “Defining the concerns from 

all parties involved, surveying the dredge 

and surrounding areas and monitoring the 

WID operation, provide the tools to gain 

support for the WID technique. The Pianc, 

the World Association for Waterborne 

Transport Infrastructure, wi l l  issue 

guidelines for water injection dredging in 

2013, with information on all aspects of 

the application of WID, including advice 

for monitoring campaigns, environmental 

impacts, contract forms etc. A test phase 

with monitoring is often used as a base for 

later campaigns.”

Global market
Only a few port operators currently benefit 

from the economic gain that WID offers. 

Since the UK is embracing WID on a larger 

scale, this might encourage port operators 

from outside the UK together with their 

legislative bodies and other stakeholders to 

create more support for the application of 

WID. The Pianc guidelines, a track record 

of hundreds of successful WID projects, 

and a controlled WID operation deliver an 

opportunity for every port authority that 

faces regular maintenance dredging.  
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If you would like to know more about how 
water injection dredging works please 
visit www.vimeo.com/vanoord/wid
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Water injection dredger Jetsed dredging in Lisboa, Portugal.
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The value of a chain
It is difficult to argue against strategies 
that reduce costs while improving the 
performance of supply chains. However, 
assessing the value of such improvements 
is challenging. While ‘beauty is in the eye 
of the beholder’, value is relative to the 
stakeholder. For instance, a port terminal 
operator has its own criteria to consider since 
the value of its capital intensive assets can be 
derived from the rate of return. Strategies 
improving this rate of return are therefore 
judged to be of high value. For a port 
authority, the concept of value may be more 
complex and include social welfare objectives 
such as employment and environmental 
mitigation. Wherever one looks, it is 
important to realise that value is a relative 
concept. The positive point is that a growing 
emphasis on the logistics chain favours the 
convergence of respective value systems.

From an operational standpoint, three 
value systems are widely recognised. The 
monetary value focuses on costs and the 

return for each unit of input (eg. capital 
or labour). The time value refers to the 
duration that a shipment is within the 
custody of an element of the transport 
chain with turnaround time a common 
focus. The reliability value considers a 
more comprehensive set of criteria related 
to the operational stability of the transport 
chain. Consistent costs and time tends to 
be preferred. While cost and time have 
always been of importance, supply chain 
management has increasingly focused on 
the value of reliability. Thus, the reliability 
criteria are where logistics chains impose 
the management of this value system 
with criteria such as asset management, 
responsiveness and customer satisfaction. 

The term supply chain integration has 
often been used, and abused, to reflect 
the alignment of supply-chain goals 
and objectives along with the related 
information and physical  l inkages. 
The alignment illustrates the shared 
goals among the elements of the supply 

chain, often aimed at reducing their 
costs and improving their performance. 
Alignment insures a consistency in the 
strategy pursued by the actors involved; 
how their value systems correspond. 
Information and physical flows can be 
operationalised through the management 
of orders, tracking, as well as the modes 
and terminals involved. Although the 
concept of supply chain integration is 
an old one since any business relation 
involves a form of integration (supplier/
customer), containerisation, information 
and communication technologies and 
changes in port governance (eg. the 
landlord model) have enabled expanded 
forms of integration.

Ports and value generation
Ports are locations competing to attract, 
expand and retain economic activities since 
they provide employment and generate value 
for an economy. The generation of value in 
a supply chain is a process that mainly takes 
three major forms (see Figure 1).

Value creation or capture
Value creation concerns the formation 
of new activities within a supply chain, 
such as manufacturing, distribution 
and transport. It is often linked with a 
paradigm shift such as a new terminal, 
lower distribution costs, a new technology, 
or new market opportunities. Value capture 
attracts activities from another location, 
a process which can be incited through 
various costs and infrastructure advantages 
that may include improved intermodal 
facilities or logistics zones.

Value expansion
The growth of existing strengths, mainly 
in relation to the growth of traffic along 
a supply chain. Therefore, growing port 
traffic is generally contingent to more 
value generated for the local economy.

Enhancing terminal 
operations, hinterland 
access and logistics chains
Dr Jean-Paul Rodrigue, Professor, 
Hofstra University, New York, United States of America

Figure 1: Supply chains, transport chains and added value
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Value retention
This involves keeping desirable added-
value activities which, under existing 
circumstances, would have ceased or 
relocated elsewhere (value capture by another 
location). It is a difficult process to mitigate 
since it is linked with competitiveness 
changes and shifting regional competitive 
advantages. However, value capture and 
expansion can have a significant impact on 
value retention since it creates local clusters 
of interdependent activities.

The structure of transport chains 
under l ines  how por ts  are  able  to 
capture, expand and retain value-added 
activities for their hinterland. It is in 
this context that policies, regulations 
and investments are articulated for the 
expected multiplying effects related to 
value capture. Since many supply chains 
are globally oriented, added value is 
performed at a wide array of locations, 
which is the outcome of decisions made 
by multinational corporations to maximise 
their revenue. For many sectors, added 
value activities have moved downward 
in the supply chain as a strategy to 
lower production (input) costs. In other 
cases, added value activities have moved 
upward to expand market potential, 
mainly through better freight distribution 
strategies. In almost all cases, improving 
the efficiency of freight distribution is a 
salient factor of added value.

Adding value through port 
regionalisation
It is often within a region - the port 
hinterland - that the integration of 
transport chains can be concretised the 
most effectively. Regional infrastructure 
strategies aim at establishing efficient 
and adequate port-hinterland facilities 
and systems, which are enhanced with 
the general development of the logistics 
and transport sector. This process has 
been labelled as port regionalisation [see 
Port Technology International No. 52, 
pp. 11-17]. The value of establishing 
port hinterland logistics integration is 
increasingly been recognised by different 

levels of government and by the public.
The efficiency of a port is part of a value 

chain that includes maritime, terminal 
and hinterland operations (see Figure 2). 
These dimensions are interrelated since 
inefficiencies in one dimension are likely 
to impact the others. For instance, issues 
in terminal operations are most likely to 
negatively impact maritime and hinterland 
operations with delays.

Enhancing operational value

Maritime operations
The efficiency of the maritime access 
is a component of port performance, 
which includes anchorage where ships 
are waiting for an available berthing 
slot. Long waiting times at anchorage 
can be the outcome of a lack of berthing 
slots able to accommodate specific ship 
classes (eg. draft and cargo type) as 
well as terminal productivity issues. 
Ports, depending on their site and 
configuration, can have complex in-port 
navigation systems requiring pilotage and 
tugs through access channels and turn 
basins. The value of enhancing maritime 
operations is clearly to the benefit of 
maritime shipping companies.

Terminal operations
Terminal operations represent the most 
common performance indicator that is 
used to assess port efficiency and thus 
a core value shared by port authorities, 
terminal operators and their customers. 
Crane performance (T1 in Figure 2) is 
a common bottleneck in terms of the 
number of movements per crane per 
hour and the number of cranes available 
to service a containership. For maritime 
shipping companies, this is a crucial 
factor since it is related to the amount 
of time their ships are going to spend 
at the port. The manner in which cargo 
(containers) are brought back and forth 
to the storage yard (T2 in Figure 2) is 
also a component of port performance. 
Many container terminals use holsters 
or straddle carriers for such operations. 

Container storage yard operat ions 
involve the organisation of stacking and 
its related stacking density, an important 
variable determining terminal capacity 
and value. Yard management systems 
are software applications that try to 
optimise storage, yard equipment, human 
resources and well as the transportation 
means (trucks, rail or barges) connecting 
the yard to its customers.

When trucks enter the terminal to pick 
up or drop off cargo (T3 in Figure 2), 
space and equipment is required to insure 
that this transloading operation (yard to 
truck or truck to yard) performs well. This 
is often a critical bottleneck for trucking 
companies since it dictates the amount of 
time they will spend at the terminal. Gate 
performance (T4 in Figure 2) concerns 
the efficiency of tasks related to document 
processing and security inspections so that 
a truck is admitted and cleared to pick up 
or drop cargo at the facility. Gates used 
above their capacity are characterised 
by long truck lines waiting to enter 
the terminal for cargo they are already 
chartered to handle. For terminals having 
on-dock rail facilities, the performance of 
the rail loading/unloading equipment is 
an important component of the terminal’s 
performance. The value of enhancing these 
operations benefits terminal operators, 
but since the terminal is the interface, this 
value proposition benefits stakeholders 
that are both upstream and downstream. 

Hinterland operations
Hinterland operations involve all the 
transport and distribution activities 
servicing the port’s customers. However, 
for practical purposes, it generally focuses 
on inland operations adjacent to the port 
area (often labelled as back of port). The 
key factor in hinterland operations is 
the capacity of the local road network in 
areas adjacent to the port. Congestion and 
bottlenecks at street intersections impair 
the port ’s performance in many of the 
supply chain management strategies of the 
port’s customers. This is where the value 
system faces a challenge as the provision 
of road infrastructure is commonly the 
jurisdiction of municipal, state or federal 
governments; entities that often derive 
limited value from these enhancements but 
that are compelled to assume their costs.

The growing role of the function 
of distribution has led to the setting 
of logistics zones in the vicinity of 
intermodal terminals. The performance of 
warehousing, particularly when linked with 
terminal operations has increased the value 
in supply chains. For instance, in many 
gateway ports transloading activities that 
are transferring the contents of maritime 
containers into domestic truckloads 

Figure 2: The Port performance value chain
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(or domestic containers), or vice-versa, 
are an element of the performance of 
hinterland operations. In all circumstances, 
there are benefits to be derived from 
warehouse management systems that try 
to synchronise fluctuations in supply and 
demand through the tracking and control 
of the inventory and the management of 
the related tasks.

Value for whom?
While the value of enhancing terminal 
operations, hinterland access and the 
logistics chain is well understood, its 
implementation and the measurement 
of its benefits remains a challenge. 
This is even more so since investment 
decisions are commonly contingent upon 
a demonstrated value of a project and 
that the perception of this value will be 
contingent upon the stakeholder. While 
infrastructure investments are usually an 
easy sell, the value of promoting integration 
is less evident since the enhancements 
are shared along the transport chain, 
sometimes with no clear perspective about 
who benefits the most. The concept of 
integration itself is ill-defined, subject to 
much punditry and related to transactional, 
physical, information and even cultural 
relations in which ports are a nexus. On 
the positive side, the growing level of 

integration within transport and supply 
chains, from a maritime, terminal and 
hinterland operations standpoint have 
made stakeholders much more aware of 

their respective value systems. How far 
this convergence can go considering that 
competitiveness remains a core driver of 
port activity.
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Optimisation at the terminal does not 
only mean improving productivity and 
reducing operational costs. Optimisation 
represents a new approach to managing 
container terminals; it is the most 
significant driving factor in changing 
the traditional operational approach 
and methodology applied at container 
terminals. It also allows terminals to 

have a focus on efficiency which needs 
to address the trade-off between vessel 
service time, terminal capacity, and cost 
per move. 

In terms of the marine shipping 
industry, one of the most accurate 
definitions of optimisation is: “The act 
of making a system, design or decision 
as effective or functional as possible.” 

Optimisation as a discipline is an ancient 
science best illustrated over time. 

The history of optimisation
Greek mathematicians used to solve 
opt imisat ion problems re la ted  to 
geometrical studies. After the invention 
of calculus, mathematicians were then able 
to address more complex optimisation 

What optimisation 
means for terminals 
and ports
Dr Oscar Pernia, director of product management automation and 
John Scattergood, principal engineer, Navis, Oakland, California, United States of America
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problems. Following the start of the World 
War II and the advent of the operations 
research field, the concept and practice of 
optimisation began to develop and received 
significant academic and industrial focus. 
Mr J. Von Neumann, a leading individual 
behind the development of operations 
research, contributed substantially to the 
field of algorithmic research. And in the 
60s and 70s, complexity analysis began to 
further support the use of optimisation. 
Then, in the 80s and 90s as computers 
became more efficient, algorithms for 
global optimisation with the purpose of 
solving large-scale problems began to gain 
momentum and credibility.

Considering the present
The continual advancements in technology 
with respect to computing power along 
with significant research in applied 
mathematics and computer science have 
solidified the value of optimisation to the 
industry and the end user. This has enabled 
advanced theory to be applied in a way 
that has sometimes invisibly improved our 
lives during last 20 years. The progress 
is amazing. Today, companies such as 

UPS and Federal Express utilise complex 
routing algorithms for resource allocation 
and supply chain distribution to deliver an 
item to our door with seamless efficiency. 
Their results have in turn changed the way 
millions of us find information, shop, and 
even do our jobs.

Today, many industries use optimisation 
as a more general term that covers areas 
from manufacturing process efficiency 
to improved distribution techniques. 
The core objective of optimisation is 
improving and controlling the process 
� whatever it may be � and allowing 
people with responsibilities in those areas 
to make better decisions. Operations 
research, for example, is a discipline that 
deals with the application of advanced 
analytical methods to help make better 
decisions at the right time and within the 
time constraints of a live operation.

As with other industries, the shipping 
and container space is currently going 
through its own step change to achieve 
new levels of operational productivity 
in response to mega-trends, such as 
globalisation and sustainable operations. 
To compete, ports and terminals have 

decided they need to adapt to their 
changing demands by optimising their 
activities in areas such as berthing 
allocation, vessel planning, fleet size 
optimisation, shift resource planning 
and equipment scheduling. All of these 
areas are critical for minimising the cost 
per move factors and maximising overall 
terminal performance and throughput.

Opt imisa t ion  a l so  prov ides  the 
intelligence and the tools to support this 
changing industry, but it is not meant to be 
a black box. A container terminal is a very 
complex system with many unpredictable 
variables. Those focused on achieving 
optimisation will need to be able to control, 
monitor and configure the behaviour of 
this intelligence behind the machine and 
systems, filling any critical gaps between 
the planning and execution. 

Containerised cargo makes up about 
60 percent of all dry cargo trade in the 
world; since the advent of the cargo 
container more than 50 years ago, this 
number continues to grow. The appeal of 
containerised cargo is well known � cargo 
can be seamlessly transported from origin 
to destination via a variety of modes 
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without the need to unload and reload its 
contents. The marine container terminal 
is at the junction of water, rail and truck 
transport modes. And as a consequence, 
marine container terminals are some of 
the most essential, yet challenging, links 
in the global supply chain.

Looking to the future
The container terminal’s primary role is 
to facilitate the transition between modes 
within the supply chain and provide 
short-term storage of containers while 
they are in transit, making an optimised 
process of utmost importance. On a 
small scale, the efficient execution of 
this transfer has a direct impact on each 
cargo’s transit time. On a large scale, the 
terminal’s efficiency has an impact on 
the cargo throughput of the community, 
region and country. A high performing 
port can boost the local  economy 
and better the industry, while a poor 
performing port can do just the opposite.

Industry trends of lower shipping 
rates, slow steaming and larger vessels 
are demanding vessel productivity of 
300 moves per hour. Key performance 
indicators (KPIs) need to take into 
consideration the terminal operations as 
a whole in order to incorporate a holistic 
improvement plan to maximise efficiency 
and optimisation at the terminal.

Competition between regions and 
demands of the global supply chain has 
put more and more pressure on container 
terminal operations. The next generation 
of terminals is focused on reducing 
vessel call time, minimising operation 
expenses, ensuring schedule reliability 
and delivering full operational control. 
As a result, this allows for service time, 
capacity and costs to be well managed.

As the industry matures, it continues 
to focus on process improvement, leading 
to an increase in optimisation, and 
eventually resulting in automation at the 
port. As some of the early innovators 
are beginning to plateau, it is clear that 
the next stage is to focus on increasing 
optimisation. While we are just starting 
to understand the ultimate requirements 
of container terminals in terms of 
optimisation, we can apply the lessons 
learned from past experiences and our 
current knowledge and technology to 
make optimisation a must-have process 
for terminal operations globally.
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Ports and terminals can be a difficult 
environment to work within as they operate 
24 hours a day, in all conditions, with 
multiple employers and contractors carrying 
out different activities. To ensure a container 
port or terminal is efficient different types of 
workplace vehicles have to be operated. It is 
the duty of an employer to protect the health 
and safety of workers and to implement safe 
systems of work. Unfortunately operating 
workplace transport in close proximity 
to pedestrian workers increases risk and 
accidents occur every year which are either 
very serious or fatal. 

The UK Health and Safety Executive 
list many areas where workplace transport 
hazards can occur within ports and 
terminals. Pedestrian workers are at 
higher risk of being struck or crushed 
when vehicles or plant are loading and 
unloading,  moving on the dockside, on 
access bridges or ramps, reversing and 

when they are in container storage areas 
and lorry parks. 

The Department of Transport Port 
Employment and Accident Rates Survey 
2009/10 found that 421 accidents were 
directly port related or on a port. [ICHCA 
International Ltd – Port & Terminal 
Accident Statistics]

Below we will discuss some of the 
advantages and potential disadvantages of 
different safety methods and technologies 
available to help reduce the risk of 
workplace transport accidents.

Traffic management
Effective traffic management aims to reduce 
workplace transport hazards and provide 
a safe site. Where achievable, pedestrians 
should be segregated from vehic le 
movements especially around container 
handling areas and access routes. Good 
traffic management with pedestrian and 

vehicle segregation offers passive control 
which manages risk without further action. 

Where complete segregation cannot be 
achieved traffic control measures such as 
speed limits, road signs, marked surfaces, 
lighting, visibility, walkways and managed 
vehicle activities must be implemented to 
reduce risk. Training, monitoring and site 
inductions are essential to ensure everyone 
is fully aware of site hazards, risk areas and 
safe routes. 

The advantage of  implementing 
effective traffic management is that it can 
be achieved through careful design and 
layout which requires limited technical 
equipment and can have low installation 
and maintenance costs.

The main disadvantage is that it relies 
on personnel taking responsibility for their 
own safety and if site rules are ignored 
then little protection will be offered.

Mirrors
Mirrors are a basic vision aid which should 
be fitted to vehicles to allow the driver to 
see around the vehicle. There are different 
types of mirrors available to help reduce 
blind spots including wide angle convex, 
convex segmented and panoramic mirrors. 

The advantages of mirrors are that they 
provide a low cost vision aid to areas of 
a vehicle which are hard to see from the 
driving position. Mirrors are prone to 
vibrations and convex mirrors are distorted 
which is a disadvantage as this can result in 
an unusable vision aid especially in wet and 
dirty conditions.

Vehicle camera systems - CCTV
Camera systems allow drivers to see blind 
spots and obtain views via a cab-mounted 
monitor. Cameras can be mounted to allow 
a machine operator to view multiple images 
at once. It is common on vehicles to see both 
convex mirrors and reversing cameras fitted. 

The advantage of a well maintained 
and correctly fitted camera system is that 

Improving pedestrian 
safety in container 
ports and terminals 
Barry Roberts, sales application executive, and Melanie Gray, marketing assistant, 
Avonwood, Poole, Dorset, United Kingdom

ZoneSafe Proximity Warning System installed on a reach stacker operating in the Port of 

Iquique, Chile
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they are quick and easy to implement and 
provide excellent all round visibility. 

Their disadvantages are the operator 
must first see the problem and react 
accordingly. I f  the  sy stem is  not 
ma inta ined , combined  wi th  poor 
environmental and lighting conditions 
their effectiveness is greatly reduced. 

Radar systems
A radar system is used to detect people and 
obstacles behind a reversing machine. These 
systems transmit high frequency radio 
waves which are reflected from surrounding 
objects. The time taken for the signal to be 
received will give an indication of distance 
from the object, and signal size received 
determines the objects size. Typical systems 
sense objects within a radius of 0.15 to 30 
metres or beyond. Radar Systems can be 

configured to automatically apply brakes or 
just sound an audible alarm when a person 
or object is detected.

The advantage of radar systems is that 
they are compact and easy to install and the 
system can reliably detect small vehicles, 
people and other equipment as well as link 
to CCTV systems. 

Their main disadvantage is that the 
object or person needs to be in the direct 
line of sight of the radar beam to be 
detected and poorly defined detection 
zones can trigger unnecessary alarms.

LED lights
LED lights are bright lights attached 

to the roof of a vehicle which project a 
large spot on to the floor in the direction 
of travel, warning pedestrians of the 
approaching vehicle. They are quick and 

easy to install and offer a very simple, 
cost effective solution to warn of an 
approaching vehicle.

The advantage of an LED light is that 
they work very well in narrow aisles where 
lighting is controlled such as in warehouses, 
pedestrians will see the approaching spot 
and react accordingly. 

The disadvantages of LED lights are 
that they can be harder to see in bright 
light conditions and in open environments 
where pedestrians may not notice the spot 
on the floor.

Infrared detection 
Infrared sensors operate by transmitting 
energy from a light emitting diode (LED) 
or a laser diode. When this signal is 
interrupted (broken) an alarm is triggered. 
Sensors can be mounted on both side and 
overhead configurations and are relatively 
low cost.

The advantages of infrared detectors 
are that they operate very well in clear 
controlled environments. 

Unfortunately infrared detectors can 
be sensitive to weather conditions and 
are prone to nuisance alarms from non 
pedestrian objects.

RFID proximity warning
Radio frequency identification (RFID) 
tags or transponders provide a unique 
identification number using wireless radio 
technology that transmits data to a receiver 
unit. These transponders are worn by 
pedestrians and are read by the antennas 
fitted locally to the vehicle. There are 
different types of RFID technologies used for 
proximity warning systems including passive, 
which do not require a power source and 
active, which do require a power source. Some 
systems only receive a pulsed signal from the 
transponder and other systems activate or 
energise the transponder before receiving a 
signal back. When a transponder is detected 
the system will trigger an alert and in some 
cases can slow or stop the vehicle.

The advantage of RFID is that it provides 
an early warning to an operator that a 
pedestrian is close by, transponders do not 
need to be in the line of sight with the 
antenna, transponder IDs can be logged 
and integration with other RFID systems 
can be achieved. The main disadvantage of 
RFID is that a pedestrian must always wear 
a transponder, however these can be easily 
integrated into existing PPE. 

Ultrasonic sensors
These sensors are used for a wide variety 
of non-contact, proximity or distance 
measuring applications. These devices 
transmit ultrasonic sound towards a target 
which is reflected. The time taken to reflect 
is an accurate measurement of distance. 
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Any object in the detection area of the 
beam triggers an alarm.

The system is very affordable, accurate 
at short distances and provides all-
weather operation. 

The systems main disadvantage is that 
the sensors cannot distinguish between 
different objects and can trigger false alarms.

In summary
The vision and safety aids discussed 
provide interactive controls, even when 
triggering a warning, require operators to 
look, detect and take action. They all have 
their own advantages and disadvantages, 
some more effective in one environment 
compared to another. Many of the 
technologies can complement each other 
and work together to offer effective 
systems to help improve pedestrian safety 
and significantly reduce risk. 

Site safety is an employers’ responsibility, 
they must determine the potential hazards 
and what systems would be most effective 
on site, always employ passive safety first 
where possible. 

Ports around the world are leading 
the way by implementing both passive 
safety solutions and interactive safety 
aids, which use the latest technology to 
help reduce the risk of collisions between 
pedestrian workers and industrial vehicles.
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The work by the Maritime Safety 
Committee (MSC), within the auspices of 
the International Maritime Organization 
(IMO), on the verification of container 
weights prior to loading on to a ship is 
progressing. Currently, expectations are 
that legislation will come into force in 
2017 at the latest, and possibly in 2016.

Many terminal operators are concerned 
about how to comply with the upcoming 
legislation, and how it will impact on 
logistic flows in terminals. 

One of the challenges facing terminals 
is how to weigh containers with little or 
no impact on operations. Transferring 
containers to separate weighing stations 
will affect productivity. Terminals are 
likely to need additional space and 
transportation capacity to cope effectively.

Solutions that weigh containers as part 
of existing logistic flows and operations 
will therefore deliver significant advantages 
for terminal operators.

Weighing alternatives
This article outlines technologies that 
are available for managing weighing or 
verifying weight. It should be noted that 
requirements for weight accuracy is not 
included in the current draft text from the 
IMO and will likely put further constraints 
on available options. The discussion here 
indicates what level of accuracy can be 
expected from the various options available.

Three different types of weighing or load 
measurement devices will be discussed: 
commonly available weigh bridges; load 
sensing devices in cranes and other lifting 
equipment and load sensing devices fitted 
to, or integrated into spreader twistlocks.

Weigh bridges
The first system that comes to mind when 

looking at weighing a container is the 
weigh bridge. Weigh bridges are a long-
established and recognised technology to 
measure the weight of a vehicle. When the 
weight of the container being carried by a 
vehicle is of interest, the tare weight of the 
vehicle must be deducted. The measuring 
accuracy of the weigh bridge is very high 
but the tare weight deduction process 
either introduces additional inaccuracies or 
becomes complicated and time consuming. 

If a standard vehicle tare weight is used, 
the inaccuracy comes from such things as 
variations in fuel level, driver weight and 
the weight of miscellaneous materials also 
loaded in the vehicle. These may seem like 
minor aspects when considering a truck 
carrying a 40ft container, but it easily 
adds up to a few hundred kilos, thereby 
significantly affecting the accuracy of the 
container weighing process. The alternative 
to using a standard tare weight is to 
include weighing of the unloaded vehicle 
in the process. This will give an accurate 
vehicle tare weight and ultimately, an 
accurate container weight, but it adds steps 
to the process which takes time and uses 
terminal resources. 

Using weigh bridges to weigh containers 
is likely to result in changes to the internal 
logistics of most existing terminals. All 
containers entering terminals by road 
would have to pass through the weighing 
station. The most critical factor in this 
scenario would be to have sufficient weigh 
bridges to avoid the bottlenecks and 
resulting congestion. 

Containers arriving by train or sea 
(for transhipment) would have to be 
sent to a weighing station, a step which 
is uncommon in terminal logistics today. 
This additional step would tie transporting 
vehicles to specific containers for longer 

periods of time ultimately resulting in 
additional resources being needed to 
handle the same container volumes. 
Sufficient resources in terms of weigh 
bridges and transportation space therefore 
need to be allocated to avoid congestion 
and delays.

Another situation which would require 
a specific process to be in place is where 
vehicles arrive at the terminal gate with 
two twenty-foot containers loaded. Weigh 
bridges can only determine combined 
weight. Because containers have to be 
weighed separately, this would imply a 
relatively complicated process involving 
not only the truck carrying the equipment 
but also terminal resources to facilitate the 
loading and unloading of the containers.

Load sensing devices in cranes or other 
lifting equipment
The second type of load measuring device 
is, in effect, several devices with common 
features. This group includes load sensors 
and devices on ship-to-shore (STS) cranes; 
rubber-tyred gantry (RTG) cranes; rail-
mounted gantry (RMG) cranes; mobile 
harbour cranes; reach stackers; straddle 
carriers and so on. Most of the load 
sensing devices in this group are used for 
safety and/or stability systems, but the 
information is available to provide weight 
information with some limitations as 
outlined below.

The biggest question mark related to 
these systems is accuracy. Will the accuracy 
of these systems meet the requirements to 
come? The answer is most probably no, 
but until the requirements are defined, 
this option should be mentioned. Sensors 
in these devices are typically fitted to 
rope and chain anchors, in trollies or on 
booms. Distance from the container, and 

Preparing for 
legislation on 
verification of 
container weights
Lars Meurling, vice chairman, 
PEMA Safety Committee, Stockholm, Sweden
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the dynamic effect this introduces adds 
to inaccuracy. These systems will typically 
have a measuring accuracy of plus or minus 
five percent.

 The second issue with this group of 
systems is that they will not be able to 
weigh individual 20-foot containers when 
lifted in twin mode. Other means to weigh 
individual units would have to be employed 
resulting in additional steps in the terminal’s 
logistics flow. However, one of the 
advantages these systems offer is that they 
are used during the normal lifting cycle. No 
extra time is required for weighing, with 
the exception of twin-twenty lifts. Neither 
do these systems require any extra space or 
separate lifting equipment.

Load sensing devices on or in the 
twistlocks of spreaders 
These types of devices are slowly catching 
the interest of the market. This technology 
is also being used in various safety-related 
applications, but the features of the system 
related to weighing are also attractive. The 
measuring accuracy of these systems is 
typically within plus or minus one percent. 
This is not as accurate as the weigh 
bridge, but it is within a range that can 
be considered a realistic requirement from 
the IMO. When installed on spreader 
twistlocks, these systems also have the 
advantage of only measuring the container 

weight as it is directly connected to the 
container without intermediate wires, 
chains or other load adding structures.

Weighing is done as part of the normal 
lifting cycle, and operations remain 
unaffected. Algorithms are integrated in 
the systems to determine the weight of the 
container from the load pattern generated 
throughout the lift cycle. This also means 
that no additional inter-terminal logistics 
are required which enables operations to 
function as normal. 

Measuring the load on each twistlock 
engaged in the container corner castings 
implies that determining the weight 
of individual 20-foot containers even 
when lifted in twin-mode is possible. 
One of the topics often discussed when 
twistlock-based weighing is considered, is 
where to install these systems. Installing 
them on the STS cranes for weighing 
is commonly regarded as too late in the 
process. The value of obtaining weight 
data when a container is in the air 
being loaded is limited. What happens 
if a container is falsely declared or even 
overweight? A preferable position is 
to install the systems on yard handling 
equipment. In the vast majority of 
terminals, containers pass through yards 
at some point and this is therefore a good 
option for installing twistlock-based 
weighing systems.

In summary
When verification of container weighing 
becomes mandatory, there are several 
weighing solutions available, each with 
different characteristics, each with 
their own strengths and weaknesses. 
Overall, it is not possible to say that 
one solution is better than another. The 
specific characteristics and requirements 
of individual terminals will have to 
be considered, and will impact system 
selection accordingly. See Figure 1 for a 
summary of the factors and characteristics 
described in this text.
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Weigh Bridges Crane Solutions Spreader Twistlocks

Accuracy 0.2-0.5% of full scale 3-5% of full scale 0.5-1% of full scale

Twin lift Only total weight Only total weight 0.5-1% of full scale

Effect on terminal operation Yes No No

Figure 1: Summary of weighing solution characteristics.

Load sensing devices on or in the twistlocks of spreaders have a measuring  

accuracy within plus or minus one percent
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Dry Bulk and 
Specialist Cargo 

Handling

"While there are challenges in importing vast quantities of coal, 
India is rising to the occasion."
'How India's shipping industry is fuelling energy demand', page 56.



There is a large financial risk when 
investing in a mining and export operation. 
The price levels of resources and shipping 
rates are volatile, mine production and port 
congestions are unpredictable and other 
economic, political, legal, institutional, 
environmental and social variables are 
subject to change, especially in developing 
countries. 

As coastal reserves are depleting and 
as global demand increases, there is a 
general push towards inland reserves, 
increasing the distances between pit 
and port. The pit to port supply chain 
therefore often becomes the main cost 
factor of a mining and export operation. 
It is essential that the selected transport 
modalities for the operation fulfil the 
short and long term goals of the mining 
operation. 

Short-term goals
Due to this financing risk it is often 
inevitable in developing countries that 
mining operations start relatively small and 
with low capital expenditure (CAPEX). 
More financing becomes available as soon 
as production milestones are met and 
dividends are paid. The choice for a pit to 
port transport modality (eg. road, rail, inland 
waterways, slurry pipeline or belt conveyor) 
and the type of port operations are therefore 
also dictated by the available budget. 

Long-term goals
When mine production increases, the 
transport and port operations are upscaled 
in parallel but the modalities often remain 
unchanged. For example, by driving more 
trucks on a hauling road or sailing more 
barges down a river. In the long term, this 

approach may not be ideal from a total cost 
of ownership perspective as the transport 
modality is not optimally suited for the 
mine production level. The mine operation 
is locked into the modality as it was easiest 
to finance at the start-up stage. Therefore, 
at a certain mine production level a switch 
to a different modality may significantly 
increase the long-term profitability. This 
logistical re-evaluation is often not possible 
or overlooked because mining, transport 
and port operations have not been designed 
integrally. There are numerous pit to port 
mining operations worldwide which have 
outgrown their initial logistical concept and 
have sub-optimal profitability as a result. A 
few typical examples: The sunk costs into 
the continuous upgrading of the hauling 
road and increasing truck numbers make 
switching to another modality unattractive 

Optimising pit to 
port supply chains
Jan Hiltermann, logistics and materials handling consultant, 
Royal HaskoningDHV, Rotterdam, The Netherlands
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Figure1: Key components of the pit to port supply chain. 
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during the operational life of a mine. 
However, the operational expenditure 
(OPEX) of this type of operation is very 
high when compared with an overland 
conveyor for the same annual throughput. 
There may be limited space for stockyard 
expansion to cope with increased annual 
throughput and larger barges. More optimal 
barge terminal locations are available; 
however the sunk costs in the existing 
terminal make relocation unfeasible. A jetty 
upgrade may also be necessary to cope with 
increased vessel sizes, while loading rates 
conflict with the ongoing export operations. 

Master-planning
To avoid issues as described above, it is 
essential that an integral master-plan is 
made during the initiation phase which 
incorporates the envisaged mine production 
increases throughout the complete pit 
to port supply chain and also takes all 
significant risks into account (resource 
price levels, socioeconomic variables etc.). 
This has to be done for the nodes (mine, 
plant and terminal) and links (transport 
modalities). This approach ensures that no 
modality selection decisions are made during 
start-up which will be difficult to correct 
later on. This master-plan is a critical part 
of the bankable feasibility study. It should 
include bankable cost estimates of several 
alternative scenarios for the realisation and 
operation of the mine, the processing plant, 
the inland transport and the port operation. 
Ideally this approach results in a pit to port 
operation which can be scaled to the actual 
production, has manageable risks and near-
maximum profitability throughout its life 
span and production level. It is this solution 
which has the highest expected return when 
investments costs are corrected for risks.

Developing a logistical  
master-planning
The following systematic approach is 
recommended for developing a logistical 
master-plan: 

Define evaluation criteria;
Define weighing factors;
Define alternative (multi-modal) 
logistical chains;
Define growth scenarios;
Multi-criteria analysis of alternatives 
and se lect ion of  shor t- l i s ted  
alternatives (generally qualitative);
Develop the basic (feasibility) design 
of complete shortlisted alternatives 
and CAPEX and OPEX calculations 
between 10 and 20 percent accuracy;
Assessment of nodes and links in 
regards to capacity, speed, parcel 
sizes, vessel sizes, CAPEX, OPEX, 
storage etc. and, also with respect to 
throughput and possible modality 
phasing conflicts (quantitative).

Example case
A recent modality analysis has been 
performed for a mine export project in 
West Africa where the mine was located 
inland and Panamax vessels were to be 
loaded at the closest port. Several options 
were evaluated and three were selected for 
a more in-depth analysis (see Figure 2). 

Figure 2: Example case options.

1. Transport from mine to port by train 
and loading of Panamax at a terminal 
(new jetty required);

2. Transport from mine to port by truck 
and loading of Panamax at a terminal 
(new jetty required);

3. Tr anspor t  f rom mine  to  an 
intermediate barge terminal by truck, 
loading of barges, transport by water 
to a floating transhipment facility 
and finally transhipment of barges to 
Panamax. 

As expected, option 2 had the lowest 
CAPEX, and option 2 was too expensive 
for start-up. Option 3 had a relatively low 
CAPEX as the floating transhipment 
facility could be leased and the costs for a 
new jetty could be avoided. Furthermore, 
the barge modality enables a gradual growth 
and the possibility for an intermediate 
storage buffer. Finally, although not 
required initially, the floating transhipment 
facility opened the possibility of loading 
capesize vessels. Over a period of 10 years 
this multi-modality solution (option 3) 
provided the best flexibility with regards 
to growth in throughput and vessel size, 
followed by option 1 and 2. However, 
barges had to be scheduled carefully in 
regards to tidal windows, reducing the 
operational flexibility. 

Partner for pit to port services
Royal HaskoningDHV is experiencing 
an increasing demand for integral 

supply chain services. Therefore, it has 
combined its expertise throughout the 
supply chain along with its economic 
and environmental expertise, resulting 
in newly branded pit to port services. 
This allows it to position itself as project 
enabler in both financial and technical 
terms. This ‘one-stop-shop’ approach 
to pit to port projects ensures that the 
complete mineral supply chain can be 
tailored towards the c lient ’s wishes 
(eg. lowest investment cost vs. lowest 
lifecycle costs).
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Telestack Limited continues to excel in 

providing innovative mobile bulk material 

handling systems to its worldwide customer 

base. This has been emphasised in the 

manufacturing and development of fully 

mobile systems for loading barges and rail 

wagons directly from trucks, wheel loader 

and grabs. Telestack’s mobile unloaders 

are designed for a range of applications, 

with operators greatly benefiting from 

eliminating the double handling of the bulk 

material by unloading directly from trucks, 

wheel loaders and grabs to barges or rail 

wagons. These mobile solutions offer the 

performance in loading rates as well as the 

environmental qualities of a fixed installation. 

They also have the added bonus of greater 

flexibility and mobility on existing berths or 

rail yards, eliminating the need for dedicated 

infrastructure or civil requirements.  

The complete range
The range of Telestack truck unloaders is 

extensive. All are customised to the needs 

of the particular client and operation, taking 

into consideration varying truck sizes, 

payloads, materials, cycle times, unloading 

rates etc. As with all Telestack products the 

mobility and flexibility of the units are the key 

features. The advantages of mobile systems 

are being recognised more and more in the 

industry, with port operators identifying the 

flexible mobile system as a viable option to 

replace expensive fixed installations which 

require civil work, planning permission and 

which are, in some cases, an ineffective 

loading procedure for both barges and 

rail wagons. The advantage of moving the 

mobile truck unloader off the site when 

it is not required is of great importance, 

especially when the port is not owned by 

the operator or it is a multi-cargo berth. 

Telestack’s mobile truck unloaders offer a 

range of mobility options for each individual 

requirement. The tracked mounted option, 

gives the operator unrivalled flexibility when 

moving around site as this unit is completely 

independent of all other systems. There is a 

diesel engine to drive all functions, with an 

optional dual power upgrade available. This 

allows the unit to be tracked into position 

and then plug in the three phase electrical 

supply to power the conveyor belts, limiting 

the diesel consumption of the units. There 

are also options for all-electric driven units 

for all functions, complete with integrated 

generator for a fully mobile unit. Rubber 

pads on the tracks and wheeled options 

are available to ensure that the concrete 

or asphalt surfaces are not damaged by 

the tracks. The greater mobility of these 

units also ensures they can be used in 

other applications within stock yards, 

mines and quarries if required, important 

considerations for possible re-sale value 

once contracts are finished. Wheeled 

options are available for a more basic unit 

which allows the operator or shipper to tow 

the unit around the site into each position. 

Telestack can also offer static versions, 

depending on the specific needs of the 

client.  

The benefits of Telestack’s mobile 
truck unloaders 
Carl Donnelly, regional sales manager, Telestack Ltd., London, United Kingdom

Figure 1 (Left): Mobile truck unloader (track mounted) with 21 metre radial boom conveyor, electrically driven by integrated generator; 

Figure 2 (Top right):  Mobile truck unloader complete with dust enclosures, dust extraction and a telescopic discharge chute; 

Figure 3 (Bottom right): Mobile truck unloader loading barges directly from trucks.
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Typically, the range of truck unloaders 

can handle trucks up to 50 tonnes 

payload (tipping or dump truck). The 

large hopper capacity increases cycle 

times which improves production rates. 

As there is such a wide range of trucks 

available in the market, Telestack can fully 

customise the hopper area to facilitate 

the most effective and efficient unloading 

area, including extended hopper sides, 

folding sides, flared designs, dual access, 

integrated fall break and many more 

tailored requirements. This ensures that 

the flow rate of each specific material 

and truck can be defined and taken 

into consideration during the design 

procedure. Also, the unloaders can be 

easily fed from wheel loaders and grab 

cranes for added flexibility. When handling 

dry bulk material, the dust suppression 

measures installed on the units ensure 

minimal dust emissions when unloading. 

As seen in figure 2, the dust covers, dust 

extraction and telescopic discharge chute 

minimise dust emissions in the unloading 

area and discharge point to ensure a dust-

free loading procedure. 

All of the truck unloaders incorporate a 

heavy duty apron chain belt feeder, which 

ensures the surge of material discharging 

from the truck can be transferred and 

controlled onto the incline conveyor and 

barge, rail wagon or auxiliary equipment. 

Unlike other feeder conveyors who use 

rollers which would slip under the intense 

load in the hopper, the chain and sprocket 

driven belt, ensures there is no slippage 

and stalling of the feeder conveyor. 

Mobile truck unloaders as part 
of mobile system
Telestack’s range of truck unloaders can 

also be used with their range of radial 

telescopic ship/barge loading conveyors. 

The combination of the mobile truck 

unloader and the mobile radial telescopic 

shiploaders offer the perfect loading 

operation directly from trucks to ship or 

barge. The radial telescopic technology 

offers unrivalled trimming capabilities 

without moving the truck unloading 

equipment (see figures 4 and 5). 

Rail wagon mobile systems
The flexibility and mobility of the range of 

truck unloaders and hopper feeders allows 

for a different perspective for loading rail 

wagons. For continuous loading directly 

from trucks, the mobile truck unloaders 

ensure an efficient loading method while 

completely filling the wagons without 

moving the train. The unit includes an 

operator’s control cabin which allows the 

functions of the unit to be functioned easily 

during loading. The unit will move in line 

with the rail wagon and will continuously 

until the entire wagon is filled. This ensures 

that there is no downtime and the conveyor 

will only stop when it transfers to the next 

wagon to start the process once again. 

The unit is also fitted with an integrated belt 

weighing system with a large display panel 

which indicates the amount of material in 

the system, so the amount in each wagon 

can be easily controlled and monitored. 

Therefore the operator cannot be liable for 

any overloading of the rail wagons, which 

can be a problem, especially when loading 

directly from wheel loaders. 

The radial boom conveyor of the TU 

515R mobile truck unloader allows for 

the wagons to be loaded easily while 

moving the truck unloader parallel to 

the rail line, (see figures 6 and 7). The 

radial feature enhances flexibil ity for 

the operator and allows for radial travel 

60 degrees to either side, so the unit 

can be used in range of applications, 

including barge loading, stockpiling, 

feeding other Telestack equipment and 

many more. This unit can also be easily 

fed from wheel loaders, which allows for 

direct feeding from stockpiles on site, 

especially when trucks are not available 

or in between the truck cycle time for 

increased production capacities.  

When loading rail wagons directly from 

wheel loaders and conveyors, Telestack 

also offers a range of mobile hoppers and 

radial conveyors to allow the operator to 

feed and load the wagon at a controlled 

and safe manner. The track mounted 

mobile hopper can track parallel to the rail 

line while loading directly into the centre of 

the rail wagon (see figures 8 and 9). This is 

a much safer way to load the rail wagons 

as typically the wagons would be loaded 

with wheel loaders, however, this can lead 

to damage to the wagons and possible 

accidents. The radial conveyor can trim 

all areas of the wagon easily from a single 

feed-in position, eliminating downtime and 

ensuring accurate loading. 

Telestack manufacturing and 
testing procedures
Telestack products are fully designed 

and manufactured in the state-of-the-art 

manufacturing facility in UK. All products 

are custom designed to each specific 

application, material or loading rate 

required by the client. The equipment is 

fully built and trialled in the factory before 

dispatch, with extensive testing of all 

operations, electrics, hydraulics and 

functions before being carefully packed 

for transport. High quality levels of design 

and manufacturing are adhered to at all 

stages throughout the process and the 

testing ensures there are no issues with 

the equipment while still on site. In terms 

of installation and commissioning, all 

Figure 4: Dual access mobile truck unloader feeding radial telescopic shiploader to 

eliminate the double handling of material on the quayside with its direct truck to ship 

loading procedure. 

Figure 5: Mobile truck unloader feeding 

a radial telescopic loader for stockpiling 

material in a warehouse.  
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Following the system’s initial run, 
the ship loading area was virtually 
free of fugitive material and dust 
build-up...“The clean-up time has 
been reduced by over 40 man-
hours per shipload.” 

– Vic Stoltz, 
AES Terminal General Foreman

Read the full 
Success Story at 
bit.ly/Wbv1Ao or 
scan this code.

Total Material Control
You don’t have to live with dust and spillage.

units are bolted together so there is no 

need for welding. Minimal hydraulics and 

electric plug and socket systems are 

used which ensures that the units are 

operational within one week or less. 

About the company
UK-based Telestack was formed in 1999 to 

offer mobile bulk material handling solutions. 

The equipment is used for handling coal, 

iron ore, aggregates, fertiliser, grains and 

woodchip, the loading and unloading of 

ships, barges and rail wagons, stockpiling 

material, and reclaiming stockpiles. 

Telestack’s mobile bulk material handling 

solutions offer significant benefits over 

traditional handling methods, including cost 

savings of up to 80 percent; improved on 

site safety, mobility and flexibility; reduced 

carbon emissions; and higher resale 

value. Telestack has a proven record of 

performance around the world with satisfied 

clients including Rio Tinto, BHP Billiton, 

Xstrata, Arcelor Mittal and Tata Steel.

Enquiries
Telestack Ltd

Tel: 028 82 251100

Email: info@telestack.com

Figure 6 and 7: TU 515R mobile radial truck unloader loading rail wagons directly from trucks.

Figure 8 (Top): The tracked hopper can 

make parallel movements and load each 

rail wagon easily into the centre line for a 

very flexible and mobile system; 

Figure 9 (Bottom): The tracked radial 

conveyor loading directly to the rail wagon 

filling completely from one feed-in position.



India is one of the world ’s leading 
importers of thermal coal, which is used 
to power the country’s rapid infrastructural 
growth and meet its increasing domestic 
demand for energy. 

While great strides have been made to 
further develop India’s coal mining and 
extraction capabilities, demand for energy 
is outpacing production. In order to redress 
the balance between supply and demand, 
we must look at the opportunities and 
challenges of realising India’s potential in 
the global energy mix.

India’s untapped resource
Recent figures from BP’s Statistical 
Review of World Energy show global coal 
reserves of 861 billion tonnes. Of this, 
India’s indigenous reserves account for 286 
billion tonnes of coal. 

At GAC India we cover 60 of the 
country’s ports and have seen a marked 

increase in coal imports in recent years, 
particularly across the east and west coast 
terminals. Although India has a wealth 
of indigenous supply, it does not yet have 
the capability to mine quantities large 
enough to meet its own domestic demand 
for thermal power. As a result, it imports 
vast quantities of coal from South Africa, 
Indonesia and Australia. It is the country’s 
power stations and steel makers that are 
driving the increased import activity, as 
India continues down the path of large-
scale infrastructural development and 
increasing use of electrical power. 

The demand-supply gap for coal in 
India during 2011-2012 was 114 million 
metric tonnes (mmt), and this is expected 
to rise to an estimated 200 mmt by 2017 
as the Indian economy, although slowing, 
still continues to grow, and with it, the 
demand for natural resources to power 
the further development of domestic 

industries. Putting it another way, India’s 
coal production grew by 5 percent in 
2011, which is a marked increase. Indeed, 
India was the world’s fourth largest coal 
producer in 2011, behind Australia, the 
USA and China. However, India’s coal 
imports also increased by 45 percent for 
the same period, over and above the 14.2 
million tonnes of coal imported in 2010.

Weighing up the costs
India’s import of coal is important to the 
global energy map, particularly for the 
coal producers in Australia, Indonesia 
and South America, from whom its coal 
imports are sourced. However, the costs of 
importing energy are considerable. 

The cost of thermal coal at ‘free on board’ 
or FOB rates � at the point of sale and 
excluding shipping and insurance costs � 
has fluctuated considerably in recent years. 
This is only part of the cost, with freight 

How India’s shipping 
industry is fuelling 
energy demand
Captain Sathyanarayana Chandrashekar, general manager – business and 
services development, shipping operation, GAC India, Chennai, India

India's indigenous coal reserves currently stand at an estimated 286 billion tonnes, according to recent figures from BP's Statistical Review of 

World Energy.
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rates and onward transportation costs as 
well as the increased price of bunker fuels 
adding further to the cost of shipping 
coal. In fact, sea freight costs form around 
50-60 percent of the total transportation 
costs of coal and 10-15 percent of total 
landed cost, depending on the origin of the 
import. The volatile exchange rate between 
the US dollar and the Indian Rupee also 
poses challenges for Indian coal buyers, 
with implications for the energy security 
of the country’s power plants and all the 
businesses and consumers that rely on them.

As such, we have seen an increased use 
of larger Capesize vessels for the import 
of coal to India and a substantial shift 
towards importing cheaper and more 
cost-effective products, in terms of supply 
chain costs, from Indonesia given the 
geographical advantage of being closer to 
India’s shores. It is not a complete solution, 
but it shows the importance of being able 
to purchase freely from exporting countries 
to counteract price fluctuations.

An infrastructure for growth
While there has been a shift towards 
the use of Capesize vessels, there are 
restrictions on the extent to which they 
can be deployed. Many of the country’s 
ports are not deep enough to handle larger 
Panamax or Capesize vessels. Most ports 
also do not have coal terminals, but rather 
they have berths for discharging coal. 

The lack of adequate mechanisation 
at many ports requires the manual 
handling of large cargoes, as well as the 
manual loading of rakes and trucks, 
which significantly reduces the efficiency 
of operations and requires the onward 
transportation of coal cargoes to offsite 
storage centres. Compounding this, the 
requirement for moving large quantities 
of imported coal to storage yards also 
places a strain on the road and rail systems. 
This can create bottlenecks, not only on 
the road and the rail tracks, but in the 
customer’s supply chain. There is a need 
for better rolling stock, rail connectivity 
and dedicated rail freight corridors, better 

roads with improved load-bearing capacity 
and more high-payload trucks.

The role of private industry
While there are challenges in importing 
vast quantities of coal, India is rising to 
the occasion. Recently, a number of private 
companies have developed additional coal 
terminals to meet the demand for larger and 
deeper berths, additional storage facilities 
and improved automation systems in port. 
With the improved infrastructure has come 
increased efficiency of operations, which has 
helped to significantly reduce congestion at 
key ports. Importantly the investment will, 
in time, help India to become a much more 
competitive place to do business.

For shipping and logistics service 
providers there are many opportunities 
to help customers manage their supply 
chain requirements, create efficiencies 
in operations and to ensure that safety is 
ensured throughout the importing process. 

For larger dry bulk vessels, the delivery 
of vital onboard supplies, bunkering, crew 
changeovers, immigration and customs 
clearance requirements, as well as cargo 
discharging and loading at port, all need to 
be done quickly, efficiently and safely. This 
can make up for the limited port space 
available at the larger terminals, as well as 
reduce the time spent at port.

India’s energy future
There are challenges to be overcome as India 
strives to meet its growing domestic demand 
for energy but the competition, investment 
and innovation required to redress the 
balance is well underway. India has a wealth 
of untapped coal reserves that will one day 
be realised. Until then, important moves 
are being made to improve the existing 
port infrastructure for coal operations. By 
working together to streamline the coal 
transportation supply chain, all parties - 
shipping companies, customers and the 
country’s authorities - can play their part in 
ensuring that India’s energy needs are met 
and that India continues to play a vital role in 
the global energy mix. 
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Capta in  S a thya  i s 
genera l  manager  � 
business & ser vices 
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India. He has a wealth of industry 
experience as a former Master 
Mariner as well as many years of 
experience working for shipping 
agencies. He is responsible for the 
delivery and continuous development 
of GAC’s shipping operations and 
support services across India. A fellow 
of the Institute of Chartered Ship 
Brokers, London, Captain Sathya is 
active in the local chapters of the 
Institute of Chartered Ship Brokers 
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trade bodies.

About the organisation

GAC is  a  g loba l  prov ider  o f  
integrated shipping, logistics and 
mar ine  se r v i ces . Emphas i s ing 
world-class performance, a long-
term approach, innovation, ethics 
and a strong human touch, GAC 
delivers a flexible and value-adding 
portfolio to help customers achieve 
their strategic goals. Established in 
1956, GAC Group employs over 
10,000 people in more than 300 
offices worldwide. Established in 
1983, GAC India's extensive network 
of 26 offices provides a full range 
of professional shipping, logistics 
and marine services throughout 
the country. As one of the leading 
ship agents in India, GAC offers 
a comprehensive range of ship 
agency services around the clock 
in all ports in India for any type 
of port call and any type of cargo. 
Whether for full agency, protecting 
agency or husbandry agency services, 
GAC India can assist. Its extensive 
portfolio of services includes loading 
and discharge of wet and dry bulk, 
general cargo and containers, dry 
dockings, supply of bunker fuel, crew 
changes, spare parts and more. 

Enquiries

GAC India

Tel: +91 (484) 266 8372
Fax: +91 (484) 266 8388
Email: india@gac.com
Website: www.gac.com/india

India has witnessed a steady influx of larger capesize vessels for the handling of its imported 

coal in recent years.
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"The Coast Guard's goal in updating its VCS regulations was to 
have the regulations apply in a wider range of circumstances."
'The US Coast Guard revises vapour control requirements', page 62.



Due to the existence of large reservoirs of 
natural gas, many national economies use 
natural gas as an alternative to crude oil, 
which is becoming steadily more expensive 
and increasingly scarce. A large percentage 
of natural gas is transported in liquefied 
form as liquefied natural gas (LNG). 
Converting natural gas into a liquid form 
involves cooling it to below -161C and 
requires special plant and equipment. 

To effectively shut off pipes when 
handling LNG, valves have to be reliable 
and their design requires them to be capable 
of coping with the special physical and 
chemical properties of this medium. Pump 
and valve manufacturer KSB has been 
producing butterfly valves for the entire 
LNG process chain for several decades and 
recently, working in co-operation with the 
companies Technip and Eurodim, KSB 
has developed an offshore loading system 
known as Connectis. 

LNG properties
The temperature of LNG is extremely 
low and at these exceptionally cold 
temperatures most metals become brittle 
and have little strength. Materials that 
are especially cold-resistant are therefore 
essential for manufacturing the mechanical 
parts and seals. Very few metals fulfil the 
high standards that guarantee operating 
reliability, a long service life and functional 
safety. As every valve undergoes a test with 
liquid nitrogen (see Figure 1), the valves 
are required to work safely and properly at 
temperatures as low as -196C. Accidental 
leakages of LNG constitute a high risk to the 
environment due to the large volume of cold 
liquid and the risk of explosions and fire.

Different requirements in the 
logistics chain
As well as being able to withstand low 
temperatures, all components involved 
in the process must also be able to cope 
with substantial heat expansions. These 
occur during the transitional phases of the 
process of being cooled and then warmed 
up again to ambient temperature. Another 
factor which places strain on the valves is 
the operating pressure and the resulting 
differential pressure. The pressure classes 

applied in such systems are ANSI Class 
150, 300 and 600, which correspond to 20, 
50 and 100 bar. The current trend among 
valves for these applications is towards 
compliance with ANSI Class 900 (150 
bar) and developments are accordingly 
already underway. Depending on where 
they are used, the valves are either flanged 
or welded into the pipe.

After the natural gas has been purified, 
it is turned into a liquid state via a complex 
liquefying train. At the present time, 
these liquefying trains are located on land. 
However, the construction of offshore plants 
is envisaged on floating production storage 
and offloading (FPSO) tankers for natural 
gas fields that are located far out at sea (see 
Figure 2). These offshore plants are capable 
of handling all pressure classes and a wide 
range of diameters. At the ports, the LNG 
is loaded onto tankers via flexible loading 
arms fitted with valves. Only valves to ANSI 
pressure class 150 with diameters from 6 to 
36 inches (DN 150 to DN 900) are used for 
this operation and typically each liquefied 
gas tanker is equipped with 60 to 80 valves.

On arrival at the terminals, the liquid 
natural gas is fed into huge LNG tanks 
by means of flexible loading arms. These 
terminals are currently located on shore 
and have their own port facilities. In order 
to save space, but also for safety reasons 
and to avoid proximity to cities, plans are 
underway to construct floating storage 
re-gasification units (FSRU) or offshore 
terminals several kilometres out to sea. 
The demands placed on valves for these 
terminals will be the same as those for 
liquefying trains. 

Double offset and triple  
offset valves
The design of cr yogenic valves is 
determined by three  factors : low 
temperatures (affecting the materials used), 
operating pressure (directing the body 
design) and differential pressure (requiring 
tight shut-off ). 

In the case of liquefied gas and the 
associated temperatures, tight shut-off 
can only be ensured by a metal seat. This 
requires three design features which clearly 
distinguish these butterfly valves from soft-

seated, centred variants. Firstly, the stem is 
offset relative to its passages through the 
valve body ie. it is not in the centreline of 
the seat axis. It is equipped with a graphite 
joint ring and O-rings. In the event of 
a fire, this solution ensures that the valve 
provides tight shut-off for a limited 
amount of time. Operators are therefore 
offered a reliably sealing, maintenance-free 
valve. Secondly, a further offset refers to the 
stem which is laterally offset relative to the 
pipe axis. It helps reduce the angle at which 
the disc is in contact with the seat during 
closing and opening; this angle is only 35 
degrees compared with 70 degrees in the 
case of a single offset butterfly valve. The 
contact pressure and wear are thus reduced 
while the service life is prolonged. Thirdly, 
to achieve shut-off at even higher pressures, 
triple offset is required. It refers to the disc’s 
geometry and reduces the angle at which 
the seal element is in contact with the 
seat/disc interface to as little as 5 degrees. 
Despite higher pressures, this helps increase 
the valve’s service life. This so-called 
‘conical offset’ is employed worldwide by 
the leading valve manufacturers (see Figure 
3). All of these valves are built and tested at 
KSB’s La Roche-Chalais plant in France, 
where each valve undergoes a test in a 
liquid nitrogen bath to check whether it is 
absolutely leak-tight.

Liquefaction on ships
Natural gas essentially contains methane 
CH4. In gas form, it is transported in 
pipelines over thousands of kilometres. 
The geological (deep sea) and political 
conditions make it more difficult to 
construct pipelines, particularly over land 
where it depends on the goodwill of the 
countries through which the pipeline 
crosses. This, therefore, leaves tankers as a 
transport solution. However, tankers can 
only be used in an economically viable 
manner if the volume of gas is reduced 
through liquefaction by cooling to a 
temperature of -161C. This reduces the 
volume by approximately 600 times and 
the density of the liquid is 423 kilograms 
per cubic metre � less than half that of 
water. LNG contains small quantities of 
other light hydrocarbons (5-10 percent 

Liquefied gas - the 
challenge for valves 
Bryan Orchard, reports from Gradignan, France
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ethane, a little propane and butane). On 
the tankers, the LNG is subjected to a 
pressure of 10 bar.

The transport costs can be broken down 
to represent 60 percent for the liquefaction 
process, 20 percent for transportation 
on the tankers and 20 percent for 
re-gasification and interim storage before 
the natural gas is fed into the distribution 
network. A liquefaction plant consumes 
around 12 percent of the natural gas for 
the liquefaction process itself.

Loading using the Connectis system
Loading the LNG between tankers at 
sea and onto the future FPSO, FSRU 
and offshore terminals can be affected 
by the motion of the tanker at sea and 
requires flexible loading equipment with 
an extremely safe connection system. 
Connectis is the loading system developed 
for this purpose as a joint industrial 
project between Technip, Eurodim 
and KSB. It allows fast connection and 
removal. Although developed for offshore 
applications, the Connectis system can be 
used for conventional onshore installations 
and is suitable for mounting onto flexible 
pipes and conventional articulated loading 
arms (see Figure 4). The extremely 

lightweight design is optimised for 
dynamic-offshore loading operations 
under harsh sea conditions.

If emergency release is required, the 
amount of liquefied gas which may escape 
is very low � less than two litres. Perfect 
sealing is ensured by cryogenic tandem 
offset double-disc butterfly valves which 
give long lasting tightness. The loading 
system comprises a facility which allows 
the hose to be precisely aligned via a 
loading arm and a remote locking device. 
Development of the Connectis system 
started in 2000 and was completed in 2008 
following testing in actual conditions at 
the Montoir terminal and type approval 
certification by Det Norske Veritas.

Wider applications
The Connectis system could be used, 
for example, for loading liquid products 
from one ship to the next at sea. Heavy 
mechanical loading equipment would 
no longer be necessary. Applications 
in offshore facilities would also be 
conceivable. To enable large volume 
loading, a dedicated tandem variant of the 
Connectis system has been developed in 
cooperation with Technip for a project for 
the oil and gas company Petrobas.

About the author

Bryan Orchard is an 
independent technical 
journalist who has been 
working in the fields of 
pumps, valves and fluid 

handling technologies for over 25 
yea r s . Based  in  the  UK, h i s 
international project reports and 
features regularly appear in process 
engineering and water/environmental 
industry journals around the world.
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Top image: Figure 1: A cryogenic 

butterfly valve undergoing liquid 

nitrogen testing. Images left to right: 

Figure 2: Offshore plants are envisaged 

on FPSO tankers for natural gas fields 

that are located far out at sea; Figure 

3: The KSB TRIODIS triple offset 

cryogenic butterfly valve with hydraulic 

actuator; Figure 4: Connectis is the 

loading system developed as a joint 

industrial project between Technip, 

Eurodim and KSB.
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With an effective date of August 15 
2013, the US Coast Guard revised its 
safety regulations for vessel and facility 
vapour control systems (VCS) to promote 
safe operation in an expanded range 
of activities. These revised regulations 
improve operational safety by regulating 
VCS design, instal lat ion, and use, 
however they do not require anyone to 
install or use them.

One of the Coast Guard's overarching 
responsibilities is to act as necessary to 
prevent damage to land and structures on 
or along US navigable waters to protect 
the waterways and their resources. Another 
overarching charge is to regulate vessels 
and their liquid bulk dangerous cargo 
operations to protect life, property, and 
the marine environment. In fulfilment of 
these responsibilities, the US Coast Guard 
amended its previous VCS regulations 
that were originally circulated in 1990. As 
mentioned previously, these regulations 

do not require any facility or vessel to 
control vapour or be equipped with a VCS, 
nor do they require a vessel to take away 
vapour from facilities. The requirement 
to control such vapours follows on from 
the US Clean Air Act Amendments of 
1990 (CAA 90) as implemented by the 
US Environmental Protection Agency 
(EPA). Under CAA 90, EPA issues 
national standards for control of volatile 
organic compounds (VOC) and other air 
pollutants emitted during marine tank 
vessel operations. Implementation of CAA 
90 also authorises individual states to set 
vapour emission standards and to require 
that marine terminals and tank vessels be 
equipped with these systems. 

Advancements in technology  
and policy
VCS design and technology today is 
much more advanced and controls more 
vapours than in 1990. Back then systems 

were limited to crude oil, gasoline 
blend, or benzene vapour; the EPA and 
individual states now permit or require 
the control of vapour emissions from 
many other cargoes. In addition, EPA 
regulations now require marine tank 
vessels operating at major terminals that 
control VOC vapours to be vapour-tight 
and equipped with vapour collection 
systems. 

From 1990, US Coast Guard practice 
was  to  accommodate  des ign  and 
technology improvements by using 
exemption and equivalency determination 
provisions. This enabled them to approve 
individual applications by VCS owners 
or designers who could show that their 
improvements provide a level of safety 
at least equivalent to that provided by 
regulations. As applicability of VCS 
expanded shortly after 1990 to additional 
cargo types and to tank barge cleaning 
facilities (TBCF), the Coast Guard 

The US Coast Guard 
revises vapour control 
requirements
Lieutenant Jodi J. Min, senior chemical engineer, Hazardous Materials Division, 
US Coast Guard, Washington DC, United States of America

An example of a portable Dock Safety Skid.
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GEM Mobile Treatment Services Inc.'s mobile combustion unit. 
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provided interim safety guidance in the form of a Navigation and 
Vessel Inspection Circular 1-96 (NVIC 1-96). However, safety 
guidance in a NVIC is not legally binding on industry, and 
reliance on exemption and equivalency reviews involves extra risk 
for VCS owners and designers, and extra review time for the Coast 
Guard.  US Coast Guard efforts in updating the regulations were 
also guided by the principles of retrospective review outlined in 
a recent Presidential Executive Order (Executive Order 13563, 
Jan. 18, 2011). Therefore, the Coast Guard's goal in updating 
its VCS regulations was to have the regulations apply in a wider 
range of circumstances. We believe we have achieved this goal.  
The updated regulations should accomplish the following:  

Reflect the expanded number and scope of federal and state 
regulations for VCSs since 1990.  
Reflect advances in VCS technology and operational 
practices since 1990, particularly in vapor-balancing 
operations, cargo line clearing operations, and multi-breasted 
tandem barge-loading operations.  
Incorporate safety guidance and reflect VCS regulatory 
exemptions and equivalency approvals.  
Provide new regulations for cargoes and operations, such 
as TBCFs, that have become subject to Federal or State 
regulatory CAA-90 expansion since 1990.  
Provide for periodic operational reviews to ensure that VCSs 
are properly maintained and operated after they are certified.  
Provide an alternate test program for analyzers and pressure 
sensors, in addition to existing 24-hour pre-transfer/
cleaning instrument testing requirements, to provide greater 
regulatory flexibility.  
Require certifying entities (CEs) to be operated by 
licensed professional engineers to ensure that certification 
is conducted by properly qualified professionals, and clarify 
the role of the CE in VCS design, installation, and hazard 
reviews.  
Remove specifications for flame arresters and instead require 
flame arresters to meet third-party standards, because of 
apparent lack of public demand for these devices.  
Attempt to achieve greater clarity through the use of tabular 
presentation. 
Update industry standards that are incorporated by reference 
into our regulatory requirements.  
Phase in requirements for existing VCSs to moderate the 
economic impact of new requirements for those VCSs. 
Make conforming changes in other regulations other than 33 
CFR part 154.
Make non-substantive changes in the wording or style of 
existing regulations, either to improve their clarity or to align 
them with current federal regulatory style guidance.  

 Managing benefits and costs of regulatory changes
As is the case in many other countries, any US regulatory 
agency such as the US Coast Guard is directed to assess the 
costs and benefits of available regulatory alternatives and, 
if regulation is necessary, to select regulatory approaches 
that maximise net benefits including potential economic, 
environmental, public health and safety effects, distributive 
impacts, and equity. 

A summary of the regulatory analysis for the update to the VCS 
regulations follows: 

In general, the final rule:
Adds new requirements for certifications, re-certifications, 
periodic operational reviews, and approval processes;    
Requires new training or amends training requirements to 
improve safety.  
Permits pigging; however, there will be some requirements to 
receive Coast Guard permission to do so;

MARINE LOADING VAPOUR 
RECOVERY UNITS
FOR ALL YOUR PRODUCTS 
INCLUDING CRUDE OIL

Tel: +33145980017 | info@carbovac.com

www.carbovac.com
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Provides foreign-flagged tank barges 
some flexibility for certification 
procedures;
Adds new requirements for certain 
equipment on US-flagged tank 
barges and at TBCFs and other 
facilities with VCSs; and 
Removes certain requirements in 
order to offer cost savings. This 
change mainly impacts facilities 
with VCSs.

Without revisions to these regulations 
by the Coast Guard, market failures persist 
in creating situations of uncompensated 
risk. In the case of this final rule, the 
uncompensated risks accrue to the public, 
maritime commerce, and mariners in 
the form of safety and environmental 
hazards and potential losses to equipment 
and cargo as well as the opportunity 
cost resulting from equipment, parts of 
facilities, or vessels being temporarily 
out of operation due to accidents. The 
regulatory analysis provides an evaluation 
of the economic impacts associated with 
this final rule. See Table 1 for a summary 
of the final rule’s costs and benefits.

The costs, quantified benefits, and cost 
savings are the totals for the 10-year period 
of analysis. These include industry costs 
plus the government’s costs. We estimate 
the requirements for facilities as the 
primary cost driver throughout a 10-year 

period of analysis. The requirements 
for facilities range from certifications, 
re-certifications, and periodic operational 
reviews. See Table 2 for a summary of 
annualised costs by requirement category. 

In summary
The final rule provides several benefits. 
These include: energy savings which 
would accrue from the use of less enriching 
gas; avoided costs associated with the 
elimination of existing standards on 
liquid seal and prevented casualties. Other 
benefits that are described qualitatively 
inc lude operational  efficiency and 
enhanced safety. The 10-year quantified 
benefits are estimated to be at least 
US$2.79 million (7 percent discount rate). 

In addition to these benefits, the final 
rule is estimated to result in additional 
cost savings to the regulated public and 
the government. These cost savings 
derive from tasks which would no longer 
have to be performed due to the final 
rule’s changes and changes to various 
operational requirements which result in 
less resources being used. For regulated 
entities, the cost savings over a 10-year 
period are estimated to be US$5.96 
million (7 percent discount rate) and 
government cost savings are estimated to 
be US$164,000 (7 percent discount rate, 
rounded to the nearest thousand). 

Category Summary

Applicability Owners of US-flagged tank barges and foreign-flagged tank barges as defined by 
46 CFR Subchapter D; CEs for VCSs; TBCFs.

Affected population 280 facilities with VCSs, 24 CEs, 15 TBCFs, 216 US-flagged tank barge owners, 
and owners of 338 foreign-flagged tank barges.

10-year costs US$6.86 million

(7 percent discount rate) Benefits: US$2.79 million 

10-year quantified benefits and cost savings Additional cost savings: US$5.956 million (regulated public)

(7 percent discount rate) Additional cost savings: US$0.164 million (government)

10-year net benefits of final rule Total benefits and other savings: US$8.914 million

(7 percent discount rate) US$8.914 � U S$6.86 = US$2.054 million

Unquantified benefits * Update industry practices 
* Aid to quality control 
* Preclusion of diminution of safety 
* Provide for an opportunity for more competition

Table 1: Summary of the final rule’s impacts

Table 2: Summary of the annualised costs of the final rule (rounded to the nearest US dollar).

Category Annualised

7 percent 3 percent

Facility costs US$751,190 US$ 738,358 

TBCF costs US$110,926 US$103,646 

Tank barge costs US$111,390 US$101,524 

Government costs US$3,831 US$3,389 

Total US$977,337 US$ 946,917 
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VTS,  
Navigation, 

Mooring and 
Berthing

“Durability of steel pile structures is often highlighted as a primary 
concern for port owners and operators who increasingly demand 
infrastructure to require low maintenance resulting in minimal 
disruption to port operations.”
‘Embedded retaining wall options within port environments’, page 75.



The increased perception of a 
VTS
The role, functions and benefits of a vessel 
traffic service (VTS) have evolved and 
grown exponentially over recent years 
with the advent of new technologies and 
processes and, as such, VTS is now widely 
recognised as a powerful risk mitigation 
tool that can help make waterways safer 
and more efficient. Such evolution and 
growth can be readily evidenced by the 
wide and varied work of groups such as the 
International Association of Marine Aids 
to Navigation and Lighthouse Authorities 
(IALA) VTS committee, and the associated 
guidelines and recommendations produced 
that influence and shape the worldwide 
development of VTS.

Technology continues to be exploited 
with a range of high-tech and integrated 
sensors, systems and processes now 
available to support the core functions 
of a VTS. This has without doubt 
increased the capability of VTS Centres 

worldwide taking them to a new level in 
their ability to plan, manage and monitor 
a diverse range of vessels in what is 
also a rapidly developing and changing 
shipping industry.

An  example  o f  such  enhanced  
recognition as a powerful risk mitigation 
tool has been the increased public 
perception of a VTS. This has become 
steadily more apparent in recent years 
as the role of a VTS has become clearly 
defined. As such VTS is, and rightly so, 
being judged against the guidelines and 
recommendations specified by IALA 
and others. Perhaps one of the clearest 
examples of this was in the comments 
of Deborah A P Hersman, chairman of 
the US National Transportation Safety 
Board, who referred to the function of 
VTS as being “to protect the public 
interest by checking unsafe actions or 
unsafe operators” and further as a VTS 
being “the public ’s strongest safety 
advocate”.

The increased role of the human
With this increased perception it is 
wholly reasonable that there is a focus 
on equipment and technology to assist a 
VTS in meeting its overarching goals. 
However, attention also has been paid 
to those people manning VTS centres 
worldwide. The Port of London Authority 
(PLA) operates one of the largest VTS 
areas in the UK covering some 600 square 
miles of waterway. Overseeing this is a 
team of 44 of which some 40 are, due to 
the nature of their role, trained to IALA 
recommendation V-103 (Standards 
for Training and Certification of VTS 
Personnel) as VTS professionals.

With a relatively large contingent of 
VTS professionals, the PLA developed 
its own programmes of VTS training and 
achieved IALA and MCA accreditation in 
2011 and is currently approved to deliver 
IALA V-103/1 VTS operator training and 
MCA VTS refresher training. 

The changing nature of the worldwide 

Training for the 
public’s strongest 
safety advocate
Kevin Gregory, vessel traffic services manager, 
Port of London Authority, London, United Kingdom

Specialist training is provided for VTS personnel based at the Thames Barrier Navigation Centre
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marit ime industr y has resulted in 
chal lenges to the wel l-establ ished 
recruiting pathways. It is no longer 
guaranteed to be possible to recruit a 
new VTS operator (VTSO) from a 
traditional International Convention on 
Standards of Training, Certification and 
Watchkeeping for Seafarers (STCW ) 
seagoing background. This makes the 
training process critical, particularly with a 
diverse range of learners as it is essential to 
meet the individual needs of each VTSO 
while providing a challenging learning 
experience for all members of the class.

Whilst it is essential for VTSOs from 
a non-seagoing background to attain an 
appropriate level of nautical knowledge, 
there are also benefits in recruiting such 
VTSOs. It could be suggested that 
while they would hold a level of nautical 
knowledge wholly relevant for their role, 
they would be free from some of the 
human-factor assumptions that inevitably 
exist in a hierarchical industry such as 
the seagoing sector. This, in many cases, 
results in the provision of VTSOs who are 
prepared to intervene and question vessels 
participating in a VTS area with little 
deference to rank or on board status which, 
it could be argued, further enhances the 
safety benefits of a VTS.

Theories and principles of 
learning
The emphasis of the training programmes 
is focussed primarily on the end result, 
being fully qualified, competent and 
professional VTS staff. This has been 
achieved through a process of extensive 
study in the theories and principles of 
learning and training development. It 
results in innovative training programmes 
that place the VTSO at the centre of all 

learning activity while embedding the 
core attributes of VTS professionals; 
commitment, courage, discipline, respect 
for others, integrity and loyalty.

To achieve this several overarching 
principles have been developed with 
regards to the development of VTSO-
centred training. Wherever possible the 
sessions are related directly to real life VTS 
or maritime scenarios that the learners can 
readily relate to, the lessons are designed so 
as to be predominantly learner-led thereby 
fostering the sharing of professional 
knowledge and experience amongst the 
group. Importantly, the instructor acts as a 
facilitator leading and guiding the learners 
to bring their operational and professional 
experience to the forefront of the session.

Active learning
In practical terms, this has been applied 
through several key actions that form a 
part of each programme of training. Each 
course consists of a range of specialist 
lecturers providing valuable facilitation 
in their own specialist area. This includes 
direct input from harbour masters on 
matters such as policy and risk assessment, 
emergency and contingency planning 
specialists, corporate affairs officers 
covering media and public relations 
and VTS managers covering key traffic 
management, communication and personal 
attributes topics. All of this is supported 
by serving VTSOs and VTS supervisors 
who provide a valuable real-life context to 
support active classroom-based sessions.

All sessions are planned to be facilitative, 
resulting in the learners being very active 
participants through the completion of 
tasks and activities that turn the sessions 
into live interactive learning experiences as 
opposed to didactic, one-way, lecturer-led 

lessons. This also has the added benefit of 
making the assessment process easier to 
achieve by means of continual monitoring 
of learners.

The ability to provide training in a live 
environment has been hugely beneficial. 
Sessions are mixed so as to include visits 
to the PLA’s VTS centres to witness the 
live application of VTS technique; trips 
on the river to undertake and place into 
context risk assessment; and management 
exercises and the use of the PLA’s full 
mission bridge simulator to provide a 
valuable and readily available insight into 
bridge operations in both routine and 
non-routine circumstances.

Putting it into practice
Simulation is a key element of all 
VTS training programmes. Simulation 
exercises are ideally placed to support and 
consolidate the interactive classroom-
based sessions. Simulation exercises vary 
in length but are generally most effective 
when they are relatively short in duration 
to focus on the selected learning points 
and key themes, thereby allowing VTSOs 
to maximise their simulation time.

Simulation exercises are usually best 
assessed by a process of peer review. 
The instructor should act as a facilitator, 
leading and guiding the VTSOs to 
bring their operational and professional 
experience to the simulation debrief. 
The VTSOs are actively encouraged to 
reflect on criteria such as: What went 
well? What did not go so well? What 
would you have done differently? This 
results in an active, dynamic, supportive 
and most importantly a secure learning 
environment where all outcomes are 
valuable for professional development.

Maintaining the standards
The UK has had a process of VTS 
refresher training for several years. 
Additionally, the IALA VTS committee 
are also developing a new model course 
covering refresher and revalidation training 
for VTSOs. The PLA approach to 
refresher training has embraced the concept 
of continual professional development. 
The refresher training programme itself 
includes review and analysis of lessons 
learned from VTS operations along with 
updates of regulatory, procedural and 
technological developments. Additionally, 
there are a series of focussed simulation 
exercises to embed new practices and ideas 
whilst actively reviewing the core principles 
contained in the existing IALA model 
courses. 

H o w e v e r ,  V T S  t r a i n i n g  a n d  
development needs to be continuous. This 
can be easily achieved through activities 
such as trips on vessels with pilots or 

Putting it into practice - simulation is a key component in the learning process
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other stakeholders, visits to allied services, 
adjacent VTS centres or other similar 
organisations, as well as attendance and 
participation in relevant emergency or 
procedural exercises. This, while providing 
valuable development for VTSOs also 
enhances the outreach of VTS to users 
and others with whom VTS comes into 
contact with.

Towards the future
As the role, functions and strengths of 
VTS become more widely recognised 
there is a growing demand for high 
quality training. IALA have established 
the World Wide Academy which is the 
vehicle by which IALA delivers training 
and capacity building. The establishment 
of the World Wide Academy in itself 
points towards a growing demand for 
professional and credible training for VTS 
professionals whatever their background. 
The provision of high quality training and 
professional development is possibly the 
most critical building block of any VTS 
and likely the best means of ensuring the 
role of VTS is cemented as ‘the public’s 
strongest safety advocate’ in demanding 
and busy waterways.
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Although it cannot be said that ship 
piloting is the world’s oldest profession, 
most maritime experts do agree that 
pilotage does date back to antiquity. 
Early ship pilots were fisherman in small 
wooden craft that knew local waters 
well, and sold their services to visiting 
mariners who needed their fragile ships 
safely navigated around shifting shoals 
and dangerous reefs. Pilots are not part-
time fisherman anymore. They are master 
mariners at the peak of their profession, 
specially trained and equipped to board 
deep draft ships 15, 20, even 25 miles 
offshore. Small wooden fishing boats have 
given way to comfortable, highly capable, 
and very reliable pilot boats. Today, one of 
the single most important and financially 
consequential decisions made by pilot 
associations is the selection and acquisition 
of the right pilot boat. 

The challenge
In the case of the Houston Pilots’ recent 
pilot boat acquisition of the Bayou City, 
built by Swath Ocean Systems LLC, the 
association followed a fairly methodical 
group-based decision making process. This 
process consisted of assessing their current 
and future port environment; defining 
boat specifications based on their unique 
operating requirements; searching for 
viable vendors that might be able to satisfy 
their required specifications, and finally 
selecting the platform that best fit their 
needs. An overview of this process and its 
outcome with regards to the pilot boat that 
was ultimately selected will be the subject 
of this article. 

Port environment and operating 
requirements 
All vessels of greater than 20 gross tonnes 
bound for or departing from the Port 
of Houston licensed for and engaged in 
trade other than coastwise are required by 
Texas state statute to obtain pilotage from 
a Houston Pilot. Houston Pilots safely 
conduct over 20,000 ship movements 
every year in fulfilling this requirement. 
Although the Port of Houston is the 

number two petrochemical complex in 
the world (second to Rotterdam), it does 
handle a broad spectrum of ships and 
cargoes, including roll on/roll off, container, 
liquefied petroleum gas (LPG), bulk solids, 
chemicals, and petroleum products.

Prevailing sea and weather conditions 
in the Gulf of Mexico are typically 
benign however tropical disturbances 
and hurricanes in the summer months, 
and violent cold front passages and 
thunderstorms in the winter months can 
pack prevailing winds in excess of 75 knots 

or build seas with waves measuring 20 feet 
and above. While these conditions are 
infrequent and can make pilot boarding 
from any pilot boat impossible, less severe 
but nonetheless still challenging conditions 
frequently exists. 

Because of the location of their boarding 
station and the volume of shipping traffic, 
the Houston Pilots had long ago adopted 
a two boat system of boarding, consisting 
of a relatively fast dispatch boat that 
ferries pilots and boat crews back and 
forth from a ‘bar’ boat. The bar boat stays 

Selecting the right 
pilot boat
Captain Robert Thompson, presiding officer, 
Houston Pilots, Texas, United States of America

Ship boarding

70   Por t  Technolog y Internat ional  -  Edit ion 59 www.por ttechnolog y.org

VTS, NAVIGATION, MOORING AND BERTHING



EXTREME RELIABILITY - SAFE, ACCURATE, EFFICIENT

SPECIALISTS IN PRECISE GNSS NAVIGATION

�� Totally Wireless PPU system, operational within a few minutes
�� Independent of any ship equipment
�� Seamlessly tracking GPS+GLONASS (17-20 satellites in view)
�� 1-2 cm Positioning of Bow and Stern
�� 0.02 kn speed control of Bow and Stern

The Most Accurate Portable Pilot Unit

Since 2005, AD Navigation has been supplying PPU systems to demanding pilots worldwide. The new  
State-of-the-art ADX XR technology is the perfect PPU tool for the pilot that wants to be 100% independent 
of the ship instruments and crew. Unmatched performance makes ideal for applications such as: 
 
�����	�
������������������
������������������������
������������	�����������������������

w w w . a d n a v . c o m

A SAAB Defence and Security Company

AD Navigation AS 
Reservatveien 8, N-3118 Tønsberg, Norway 

Tel: +47 69 25 33 00  info@adnav.com

ADX XR



on station 24/7 offshore and has sleeping 
accommodation, restrooms with showers, 
and messing onboard for pilots to use 
between jobs. It also serves as a boarding 
platform for embarking and disembarking 
pilots to and from deep draft vessels. 

Defining the key specifications
Based on their assessment of port 
conditions and customer needs, the 
Houston Pi lots  set  out  to  define 
performance-based standards against 
which to measure potential pilot boat 
designs. 

Challenging offshore conditions at the 
Houston Pilot boarding station occur often 
enough that the Houston Pilots must 
at least have the capability of conducting 
pilot boardings in sea conditions of six to 
eight foot short period waves and with 
sustained winds of 30 knots in order for 
their business and the port to remain viable. 
In the case of the Bayou City acquisition, 
standards consistent with a bar boat (vice 
dispatch) were established. 

Fatigue mitigation has been a concern 
of all responsible pilot associations for 
quite some time, as they seek to balance 
staffing, workload, customer requirements 
for 24/7 service, and revenue. A key 
fatigue countermeasure is providing pilots 
the opportunity for restorative sleep in 
between jobs. Though this capability 
is not as objectively defined as sea-
keeping ability, fuel consumption rates, 
or equipment service ratings, it became a 
priority for the new pilot boat acquisition. 

Options to consider
The first fork in the road that occurred 
in selecting a new pilot boat was whether 
to use a monohull, catamaran, or small 
waterplane area twin hull (Swath) design. 
This decision would have great effect on the 
balance between cost, capability, reliability, 
and comfort. Because the Houston Pilots 
already own two smaller Swaths and 
were familiar with this design’s strengths 
and weaknesses, it quickly became the 
preferred design option amongst the group 
members. As a brief overview, Swath is 
a twin-hull ship design that minimises 
hull cross section at the water’s surface. 
By minimising hull cross section (more 
correctly, hull volume), where wave energy 
is primarily concentrated, the vessel is 
very stable, even in rough weather. The 
bulk of the displacement is concentrated 
below the surface in two cylinder hull 
forms, where it is less affected by wave 
action. The twin-hull design allows for 
enhanced stability, minimises vertical 
accelerations that passengers are most 
sensitive to, and has broad open decks 
suitable for accommodations. However, 
the Swath design does come with some 

increased fabrication costs, normally 
requires a complex control system, and has 
a deeper draft than comparable catamarans 
and monohulls. Further, maintenance 
requirements are usually more demanding 
and Swaths may need 80 percent more 
power than a catamaran, all other things 
being equal.

The optimal choice emerges
As fatigue mitigation gathered more 
momentum within the pilot group as a 

priority for the new bar boat, the Swath 
solidified its hold as the preferred design. 
Houston Pilots eventually chose a primary 
vendor with which they had significant 
experience (Swath Ocean Systems LLC 
had constructed two previous Swath pilot 
boats for Houston Pilots) and acquired the 
Bayou City. 

In particular, fatigue countermeasures 
were significantly enhanced in the 
new design. Countermeasures, such as 
a floating deck house mounted on 18 

The Swath design.

An artist’s impression of the Bayou City pilot vessel
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isolation mounts, specially designed 
exhaust hangers, isolation of the vertical 
exhaust stacks from the deck house, an 
enhanced curtain at the deck edge where 
the pilot boat contacted deep draft vessels 
during boardings, and thousands of square 
yards of high tech sound deadening 
panels made the Bayou City unique 
amongst work boats. Though some of the 
countermeasures have had unintended 
negative consequences, by and large they 
performed as advertised, ensuring that 

the Bayou City provided the best place 
possible for pilots to get well deserved 
rest while still effectively and efficiently 
performing its primary duty as a safe 
boarding platform. 

Recapitalisation of important company 
assets is a time consuming and difficult 
process, but once an appropriate decision-
making process is identified and priorities 
agreed upon, the path becomes easier and 
a satisfactory result will normally follow as 
was the case of acquiring the Bayou City. 

Bayou City (Hull No. 7202) Specifications:

Length: 71’-11 1/2” 

Beam: 42’7 3/4”

Depth 18’-10 3/16”

Draft at DWL: 9’-7 3/8”

Displacement at DWL 133.87 long tonnes

Accommodations: 9 staterooms individual environmental 
controls

Propulsion: Two 3,516 cat main engines 2,000 
horsepower each

Generators: Two full encased 55 kw Northern Lights 
generators

Stabilizer control system: NIAD Dynamics ride control system 
with 4 stabiliser fins

Max speed: 18 knots

Construction: Aluminum hull & superstructure

Fuel consumption  (while on the bar): 30 gallons an hour

About the author

C a p t a i n  R o b e r t 
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the Houston Pilots. In 
addition to being on the 

leadership team of one of the biggest 
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An embedded retaining wall generally 
comprises interlocking pile elements 
ins ta l l ed  in to  competent  ground, 
which can either retain material in an 
unsupported cantilever state or with 
additional support typically provided 
by tie rods and associated anchorage 
systems. Civil engineers have a range of 
construction techniques and materials 
available to them when planning new 
structures within a port. When an 
embedded retaining wall solution is 
sought, steel piling is often considered 
the preferred choice, for  qual i t ies 
including strength, speed of construction 
and suitability for over-water installation 
when compared to  other  opt ions , 
most commonly in European port 
construction. 

This article provides a brief overview of 
the principal structural forms available for 
embedded retaining walls including steel 
and concrete piling elements, and lesser 
utilised materials such as plastic. The key 
benefits and limitations of each relating 
to strength, durability and construction 
techniques for port applications are also 
discussed. 

Steel retaining walls

Interlocking sheet piles
T h e r e  a r e  n u m e r o u s  t y p e s  o f  
interlocking steel sheet pile sections 
available from either hot rolled or 
cold formed steel. Typically they are 
of ‘Z’ or ‘U’ profile, the shape of which 
are being continually developed by 
manufac turer s  to  prov ide  grea te r 
efficiencies in stiffness to weight ratio 
and speed of construction. However, 
even when installed in combination with 
an anchorage system, walls constructed 
using steel sheet pile sections alone are 
likely to have limited retained height 
and are not suitable for quays required to 
accommodate deep draft vessels without 

some form of relieving mechanism. Steel 
sheet piles alone also have a limited 
vertical load carrying capacity and are 
therefore less suited to providing support 
to quayside gantry cranes.

Combi or high-modulus walls
When larger and deeper port structures 
are required, combi or high-modulus 
walls comprising deep embedded heavy 
tubes, box or ‘I section’ primary elements 
in combination with partially embedded 
light secondary sheet pile members are 
typically used due to their high strength 
characteristics. For deepwater berths 
accommodating deep draf t  vessels 
or where heavy lift cargos are being 
handled, secondary infill elements are 
often eliminated altogether and the high 
strength primary elements are joined to 
form a high-modulus contiguous quay 
wall. Figure 1 illustrates a tubular steel 
combi-wall system designed by Mott 
MacDonald for a heavy lift general cargo 
quay in the UK where offshore wind farm 
components were required to be loaded 
onto jack-up barges alongside.

Benefits and limitations
The key benefits of steel pile retaining 
walls include their potentially high 
strength and load bearing capacity as 
well as their suitability for installation 
over-water. Steel piling is also a widely 
recognised and understood method of 
construction for retaining walls with 
relative advantages in the availability of 
construction plant, speed of construction, 
reliability and robustness compared to 
other options.

Durability of steel pile structures is 
often highlighted as a primary concern 
for port owners and operators who 
increasingly demand infrastructure to 
require low maintenance resulting in 
minimal disruption to port operations. 
E ve n  w i t h  c o r ro s i o n  p ro t e c t i o n 

systems in place, such as sacrificial 
steel allowance, coatings and cathodic 
protection, some form of maintenance 
is still likely to be required due to their 
limited longevity and susceptibility to 
physical damage. This durability issue 
has been reinforced in recent times 
with a greater awareness of bacterially 
induced concentrated corrosion problems 
associated with steel structures such 
as accelerated low water corrosion 
(ALWC). Solutions to protect steel 
structures against ALWC have been 
deve loped, such  as  the  cor ros ion 
treatment system LATreat™ developed 
and patented by Mott MacDonald and 
BAC Corrosion Control. This industry 
award-winning system is proving to be 
effective in the protection of marine 
structures against ALWC in a number 
of ports using only the components of 
seawater to sterilise and then deposit a 
protective coating on to the steel using 
a process of passing phased electrical 
current through the seawater, with no 
requirement for port closure and no 
ongoing maintenance requirements.

Concrete retaining walls

Diaphragm walls 
Although pre-cast concrete sections 
have been used for embedded retaining 
wall construction, bored cast in-situ 
methods including secant, contiguous 
and diaphragm bored piles are generally 
employed when a concrete embedded 
retaining wall is required in a port 
environment. 

The diaphragm wall is an increasingly 
common form of concrete piled retaining 
wall used in ports. A diaphragm wall 
is typically constructed by excavating 
a rectangular  hole in the ground, 
supporting the excavation walls using 
a suspension fluid such as bentonite, 
installing a pre-fabricated reinforcement 

Embedded retaining 
wall options within 
port environments
Chris Jones, chartered maritime civil engineer, 
Mott MacDonald, Surrey, United Kingdom 
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cage  and s top-ends  to  produce  a 
defined profiled joint and pouring of 
concrete which progressively displaces 
the suspension fluid. Diaphragm walls 
are often used for deeper retaining 
structures within ports, as they can be 
designed to take very high structural 
loads, comparable to those of a steel 
combi or high-modulus wall. Concrete 
diaphragm walls can also be designed to 
have low permeability, and are therefore 
also used for the construction of slurry or 
cut-off walls to contain ground water or 
contaminants. 

Benefits and limitations
In contrast to steel retaining wall structures, 
with considered concrete specification 
and detailing, embedded retaining walls 
of concrete construction require little in 
the way of routine maintenance over the 
expected life of the structure. Diaphragm 
walls also have the advantage that they 

can be constructed through relatively hard 
layers of material such as gravel, cobbles 
and soft rock. Excavation equipment such 
as a hydrofraise cutter, (see Figure 2) can 
be employed when hard ground materials 
are encountered. Although steel combi-wall 
primary elements can be driven through 
hard materials with some pre-treatment, 
secondary infill sheet pile elements often 
cannot.

Diaphragm walls require land-based 
construction which limits their use 
in port construction. However, where 
harbour basins are to be excavated from 
existing land or reclaimed areas or for 
dry dock construction, this ‘in the dry’ 
construction method can maximise the 
use of local conventional reinforced 
concrete construction skills, although 
specialist plant is still often required. It 
should also be noted that a high level of 
site workmanship and control is required 
to ensure the potential durability of the 

structure is achieved. Repairs to any areas 
which corrode or deteriorate are often 
difficult and costly. 

 Plastic retaining walls

Interlocking plastic sheet piles
Although materials other than steel and 
concrete are available for embedded 
retaining wall construction, such as plastic 
and timber, they are not frequently used 
in quay construction due to their limited 
strength and deformability characteristics 
in the case of plastic piling elements. 
However, for applications where retained 
heights and surcharge loadings are low, 
such as bank retention, marina and river 
walls, drainage channels and cut-off 
walls, the use of interlocking plastic sheet 
piling may offer a number of benefits over 
their steel or concrete equivalent such as 
resistance to corrosion and lightness for 
transportation and handling on site.
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Figure 1 (top): Steel combi-wall for heavy 

lift quay with primary tube elements and 

secondary U-profile infill sheet piles.

Figure 2 (right): Hydrofraise cutter used 

during excavation for concrete diaphragm 

walls. 
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Environment and 
Sustainability

“A new strategy target for cargo handling equipment is for ports and 
terminals to develop and implement fuel-use reduction plans that 
promote continuous improvement.”
‘Reducing diesel emissions and greenhouse gases in ports’, page 80.



The Port of Seattle, Port of Tacoma, and 
Port Metro Vancouver are continuing their 
collaborative efforts on the Northwest Ports 
Clean Air Strategy to reduce emissions 
from shipping and port operations in the 
Georgia Basin�Puget Sound air shed. 
In developing and implementing the 
2007 strategy and likewise its draft 2013 
strategy update, the three ports have 
focused on ensuring that policies are 
based on a solid scientific foundation, in 
collaboration and consistent with their long 
term commitments. The ports partnered 
with government agencies including: 
Environment Canada, Metro Vancouver in 
Canada, the US Environmental Protection 
Agency, Washington State Department 

of Ecology, and Puget Sound Clean Air 
Agency in the United States. Collectively, 
the ports and government agencies are 
referred to as the strategy partners. The 
core group of this collaboration has worked 
together for over five years and based its 
work on detailed, robust maritime emission 
inventories conducted in both countries.

The voluntary actions in this strategy 
update are intended to complement 
regulations and, together with the 
regulations, achieve the following emission 
reductions, relative to a 2005 baseline. 
The reduction of diesel particulate matter 
(DPM) emissions per tonne of cargo by 75 
percent by 2015 and 80 percent by 2020 
and also the reduction of greenhouse gas 

(GHG) emissions per tonne of cargo by 10 
percent by 2015 and 15 percent by 2020. 

The ports developed inventories of 
port-related air emissions in 2005 and 
updated their emissions inventories in 2010 
and 2011. The recent inventories show 
considerable progress in reducing emissions 
since 2005, and they provide data to identify 
areas for continued improvement going 
forward. The emissions inventories and the 
strategy update cover the following sectors 
of port-related operations.

Ocean-going vessels 
The existing performance measure 
for 2015, set in 2007, is to meet IMO 
standards for sulphur content in fuel. 

Reducing diesel 
emissions and 
greenhouse gases  
in ports
Stephanie Jones Stebbins, director, seaport environmental and planning programs, 
Port of Seattle, Seattle, United States of America

The Northwest Ports Clean Air Strategy's 2020 target for 

OGVs 'shifts to efficiency improvements which will increase 

focus on GHG and also reduce operating costs for vessels'.
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Since these standards are now regulatory 
requirements that established the North 
American Emission Control Area (ECA), 
the strategy’s revised target is for vessels to 
surpass the ECA requirements by burning 
even lower sulphur content fuel while 
at berth. The Port of Seattle’s At-Berth 
Clean Fuels (ABC) programme has been 
incentivising the burning of cleaner fuels 
by container carriers and cruise lines since 
2009. The use of shore power by cruise 
vessels also achieves this emission reduction 
target. In 2015, the second phase of ECA 
goes into effect which will require the use of 
fuel with no more than 0.1 percent sulphur 
content, resulting in the anticipated sunset 
of the ABC Fuels program. The ECA will 
make a dramatic impact on DPM emissions.

The 2020 target for ocean-going vessels 
(OGV) shifts to efficiency improvements 
which will increase focus on GHG and 
also reduce operating costs for vessels. 
The target is for port and OGV carriers 
to participate in port-designed or third 
party certification programs that promote 
continuous improvement, such as the 
Environmental Ship Index (ESI), Green 
Marine and the Clean Cargo Working 
Group. It is anticipated that the ports 
will encourage participation by providing 
incentives to shipping lines that take part.

Harbour vessels
For purposes of the strategy, this sector is 
limited to harbour vessels that have port-
related functions. The ports have not been 
directly involved in harbour vessel-related 
projects to date. The strategy update calls 
for both ports and harbour vessels to 
participate in port-designed or third party 
certification programs, such as those listed 
previously. In Seattle, the Puget Sound 
Clean Air Agency will take the lead in 

conducting annual outreaches to port-
related harbour vessel companies in an 
effort to achieve strategy update targets that 
promote engine upgrades and best practices. 

Cargo-handling equipment
Prior performance measures have focused 
on the use of cleaner fuels and upgrading, 
repowering or retrofitting existing pieces 
of equipment with cleaner engines or 
exhaust controls. This effort has been 
funded primarily through grants. The 
terminal operators have provided in-kind 
contributions for project oversight, 
implementation and maintenance costs 
associated with the updated equipment. 
Outreach to the port’s marine terminal 
operators (MTO) resulted in feedback 
that  the strateg y should not  put 
undue requirements or costs on them; 
consequently continuing support through 
grant funding assistance seems to be the 
most effective approach. 

A new strategy target for cargo 
handling equipment is for ports and 
terminals to develop and implement 
fuel-use reduction plans that promote 
continuous improvement. In addition 
to reducing DPM and GHG emissions, 
implementation of these plans will reduce 
fuel costs for the MTO. An example of 
a fuel-saving initiative is a grant funded 
programme that is currently underway at 
Port of Seattle terminals to install idle-
reduction equipment on some pieces of 
cargo handling equipment, with the added 
benefit of reducing fuel costs and reducing 
air emissions. 

Heavy trucks
The three ports achieved the 2010 target 
for heavy-duty trucks calling at marine 
terminals to meet the 1994 model year 

engines emissions standard or equivalent. 
In 2009 the port partnered with the 
Puget Sound Clean Air Agency to 
implement the ‘Scrappage and Retrofits 
for Air in Puget Sound’ (ScRAPS) 
programme. This was a buy-back, scrap, 
and replacement programme for pre-
1994 model year engine trucks. ScRAPS 
provided a US$5,000 (or blue-book value, 
whichever was greater) incentive to scrap 
pre-1994 model year trucks that perform 
drayage at the Port of Seattle. ScRAPS 
successfully removed 280 pre-1994 model 
year trucks. Through this programme 
and other fleet turnover, all pre-1994 
trucks were eliminated from the drayage 
fleet on schedule. The port also adopted a 
requirement for trucks entering container 
terminals to be enrolled on the Drayage 
Truck Registry which documents that 
trucks meet the emissions requirements 
and is shown with a sticker placed on each 
registered truck. As of April 1st 2013, the 
stickers have been replaced with radio 
frequency identification (RFID) tags. 

Regarding the 2015 target, the strategy 
partners have recommended that there is 
no change to the existing 2015 interim 
target for 80 percent of trucks calling at 
terminals to meet EPA emission standards 
for 2007 model year engines or equivalent, 
with 100 percent of trucks meeting those 
standards by 2017. 

The strategy update does not include a 
post-2007 model year engine for the year 
2020. Emission standards for new engines 
do not significantly reduce DPM emissions; 
instead, starting with model year 2014 
engines, they will ratchet down GHG 
emissions and improve fuel efficiency. A 
potential future target may be for trucks 
entering ports to meet the 2014 emission 
standards however, the ports have concluded 

The strategy's revised target is for vessels to 'surpass the ECA requirements by burning even 

lower sulphur content fuel while at berth'.

The Port of Seattle, 

Washington, United States. 
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that it is premature to set a post-2007 engine 
year requirement at this time. The strategy 
update sets a target for ports, terminals and 
trucks to have fuel-use reduction plans in 
place that promote continuous improvement, 
eg. the EPA SmartWay programme.

Locomotives
The ports have not been directly involved 
in locomotive projects to date. The Puget 
Sound Clean Air Agency and Washington 
State Department of Ecology have 
conducted several grant-funded projects to 
reduce locomotive emissions. The strategy 
update set targets for switcher locomotives 
to participate in an efficiency programme 
such as the EPA SmartWay programme, 
to reduce fuel and emissions, and for 
upgraded engines on switcher locomotives. 

Port administration
This sector covers sources that are 
operated or governed directly by the 
ports such as port-owned vehicles and 
vessels, office buildings, support facilities, 
and employee functions. The strategy 
update focuses  on several  specific 
categor ies  of  por t  administrat ion: 
increasing the use of cleaner vehicles 
a n d  e q u i p m e n t ;  a p p l y i n g  c l e a n 
construction standards to engines used 
on port-led construction projects; and 
conducting energy studies and energy 
conservation measures at port-operated 
and tenant facilities. The port already 
has most of these items underway, 
but these targets will encourage more 
rigorous programmes and continuous 
improvement.

Pilot projects 
The strategy update calls for pilot studies 
and demonstration projects designed to 
advance emission-reduction technologies 
for the maritime and port industry. Each 
port will evaluate or engage in at least 
one pilot study or demonstration project 
per year, and will share findings with 
stakeholders and strategy partners. Staff 
at the port believe that this is attainable 
and are currently working with the 
Puget Sound Clean Air Agency, to assess 
alternative technologies to meet the 
strategy’s truck target to move to 2007 
model year engine emission standards. 
The ports are currently considering 
comments received during the public 
review period and hope to adopt a final 
update in early 2014.
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Looking at port-side communities around 
the globe, which came first, the community 
or the port? The answer is that they likely 
grew together, but the more important 
question is what can be done to alleviate 
the air pollution that is growing with the 
rise of trade and smothering these port-
side communities? Fortunately much can 
be done to mitigate the severe health, 
air pollution and quality of life impacts 
of industrial shipping. Many major 
ports worldwide have led the way with 
technology innovations and investments in 
cleaner equipment.

The impacts of pollution
Each container full of goods going in 
and out of a port has a plume of sooty 
pollution associated with it, from all 
the trucks, trains, ships and cranes that 
handled it. In the US alone, more than 
13 million people - 3.5 million of whom 
are children - live near major marine 
ports or rail yards, in close proximity 
to a l l  those pol lut ing containers . i 
Health impacts  re lated to  diese l-
powered freight, mainly due to very 
fine particulate matter or soot, include 
increased rates of respiratory illness 
and asthma, cardiovascular disease, 
heart attacks, strokes, emergency room 
visits, and premature death.ii Pollution 
from transportation sources has also 
been linked to birth defects, low birth 
weights, and premature births.iii Further, 
emerging studies have shown a potential 
connection between exposure to fine PM 

and diabetes, as well as cognitive decline 
and other serious impacts to the brain.iv 

When we wrote about pollution from 
the shipping industry in our Harbouring 
Pollution series of reports in 2004, very 
little had been done at American ports to 
address air pollution and health impacts 
from ocean-going vessels, cargo equipment, 
locomotives and trucks moving our goods.v 
By 2006 however, the Ports of Los Angeles 
and Long Beach had adopted an expansive 
Clean Air Action Plan and the California 
Air Resources Board adopted a state-wide 
Goods Movement Emissions Reduction 
Plan.vi Our new Clean Cargo toolkits detail 
these plans and other clean up measures 
that have been put in place at ports and 
other elements of the freight system.vii

What does it take to become a 
clean port?
Marine ports need to demonstrate a real 
commitment to reducing greenhouse 
gases, soot, smog-forming and toxic 
pollution, as well as minimising impacts 
on nearby residents. See the box on the 
following page for a summary of clean 
port measures. All of the measures that we 
recommend are already in place at one or 
more major ports or freight facilities, some 
are mandated by regulation or soon to be, 
while others are embraced by green leaders.

Who is setting an example  
in green shipping?
While the ports of Los Angeles, Long 
Beach and Rotterdam have all made 
significant strides in reducing pollution 
and are known the world over as leaders, 
some impacts still remain. Other lesser 
known efforts also deserve attention. 
The Port of Los Angeles, Long Beach, 
Oakland, New York/New Jersey, Houston, 
Charleston, and Seattle all have clean truck 
programmes.viii The Port of Los Angeles 
has been operating and testing 18 zero-
emission plug-in and fuel-cell trucks. 

Maersk, the largest shipping line, 
switched from dirty bunker fuel to cleaner 
low-sulphur marine fuel along selected 
routes in 2006.ix The company has also 
significantly cut greenhouse gas emissions 

by investing in larger ships that can 
carry more containers and operate more 
efficiently at lower speeds. These ships 
also include improved engine and hull 
designs and waste-heat recovery to boost 
environmental performance. 

The US Navy utilises shore power at 
ports of call all over the world, allowing 
it to power down the diesel engines on 
board its ships while they are docked.x 
Some eighteen commercial ports in 
Europe and the US currently offer shore 
based power for ships and that number 
is growing.xi Ports in Japan and Hong 
Kong have also expressed interest in shore 
power for ships.xii

Use of on-dock rail at ports is growing. 
For  example, the Pusan Newpor t 
International Terminal in Busan, South 
Korea, opened such a facility in late 2010.
xiii Battery-powered, automated guided 
vehicles (AGV) are being used at the Ports 
of Singapore and Rotterdam-- the Port of 
Long Beach is also currently adding these.
xiv These vehicles can shuttle containers 
around a yard for 12 hours on a battery 
pack, which can be switched out easily.xv

Other good examples
In 2008, Helsinki, Finland moved its 
port to a site two kilometres from the 
nearest residential areas, to protect the 
local communities from air pollution, 
noise, and vibration and to address other 
environmental impacts.xvi The port 
implemented other noteworthy practices 
such as: requiring overnight vessels to dock 
at berths located farthest from housing; 
using shore power for all passenger and 
car ferries; and tunnelling some segments 
of the road and rail lines underground 
to protect sensitive natural habitat. The 
port is now close to major transportation 
connections, reducing congestion and 
eliminating unnecessary transport miles.xvii 
The Port of Shanghai has made significant 
efforts to green its operations, including 
moving some terminals, retrofitting 131 
rubber tyred gantry (RTG) cranes with 
electric motors, creating an emissions 
inventory, and investigating and testing 
shore power use.xviii

Importing clean air  
at a port near you
Diane Bailey, senior scientist,
Natural Resources Defence Council (NRDC), San Francisco, California, United States of America

Shore-side power hook-ups at the China 

shipping terminal in Los Angeles.
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Clean Port Measures:

Require clean marine fuels with sulphur limits of 1,000 parts per million (ppm);
 Outfit all wharves with shore side electrical power and require ships and 
harbour vessels to plug-in;
Provide incentives for the cleanest marine vessels;
Implement marine vessel speed limits;
Electrify rail lines where possible;
 Develop efficient on-dock rail that moves containers from ship to train without 
the need for transport by trucks;
Use the cleanest locomotives available;
Require use of the cleanest and most fuel-efficient trucks;
Eliminate truck idling;
 Use the cleanest equipment available� and, where possible, zero-emissions yard 
equipment and transport refrigeration units;
Provide electric hook-ups for refrigeration units;
 Locate new port terminals a safe distance from residential areas, and optimize 
sites for proximity to transportation infrastructure and ocean shipping lanes.

Recommended clean port measures. 

In conclusion
These are all impressive measures. For the 
millions of people living in close proximity 
to major marine ports, however, these 
types of measures are an urgent necessity 
for protecting their communities from 
harmful air pollution, associated health 
impacts and serious impairments to their 
quality of life. Most large ports are major 
economic power-houses providing an 
important source of jobs to the region. 
These jobs are valuable, but neighbouring 
communities cannot continue to subsidise 
the cost of freight by absorbing the 
pollution impacts of outdated and dirty 
shipping equipment. All major ports must 
increase investments in cleaner, modern 
equipment and practices in support of a 
healthy and safe region.
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Reduced maintenance and energy needs 
are just two of the key benefits that the use 
of light-emitting diode (LED) lighting can 
bring to ports. I read recently that most 
industry demands the latest technology, 
as long as it ’s already been proven over 
15 years. Current LED technology is the 
result of constant evolution over many 
years, so it should have all the pedigree it 
needs for the port industry. 

LED lighting is beginning to gain 
acceptance across a wide range of 
industrial users for its ability to drastically 
cut energy use when compared to 
traditional lighting technologies like high 
pressure sodium (HPS) or metal halide. 
But rather than its ability to reduce energy 
needs typically by 70 percent, it is the 
LED’s ability to eliminate maintenance 
that gives it the real advantage in the world 
of heavy industry. 

In many cases industrial LED lighting 
can last over 100,000 operating hours, far 
exceeding the typical lifespan of industrial 
solutions such as HPS, metal halide and 
fluorescents (see Figure 1). This long 
lifespan can deliver up to a full decade 
of high performance, maintenance-free 
lighting that not only eliminates the time, 
cost and safety risk of routine lighting 
maintenance, but also significantly reduces 
energy consumption and cost. As a result 
LED fittings can deliver a return on 
investment in less than two years, whilst 
continuing to deliver ongoing bottom-line 
savings for many years to come. 

Facing environmental challenges 
Before investing in new lighting for 
indoor or outdoor applications, a port 
operator needs to be convinced that 
the technology can cope with aggressive 
environments. Outdoors it is a world of 
sand, salt, sea water, water spray, wind and 
frost, but indoors it is mainly dust that 
causes problems. A good rule of thumb is 
to ensure that you can trial a unit for free 
for a reasonable period to make sure it can 
take the punishment. Here is how it paid 
off for the Port of Leith.  

Most ports will have experience of the 

type of lighting challenge faced by Forth 
Ports at Leith. Even in daylight in its shed 
three bulk store, the 400W SON high 
bays were struggling to provide adequate 
illumination. The heat they generated was 
burning cargo dust onto the polycarbonate 
lenses and greatly impair ing their 
performance, so they had to be constantly 
replaced, but that could only be carried out 
when the shed became empty of grain or 
feed, which could mean a wait of anything 
from a few days to a year. Clearly, when 
there is product stored, the areas above 
cannot be accessed for maintenance, so 
the replacement had to have fittings that 
require limited maintenance and have 
a long lifespan. To make it worse, the 
inefficient SONs were actually drawing 
around 440W each.

Even more reasons to change
In the nearby engineering workshop the 
12 400W HPS high bays were not giving 
the required light, were slow to re-strike 
and therefore were not being switched off. 
The sodium lights gave off a yellow hue, 
which made it difficult to undertake fine 
work, particularly on electrics, during the 
night shift, as well as being a tiring light to 

work under. They also had to be replaced 
regularly, requiring the floor to be cleared 
of plant so that a scissor lift could be used 
to access the fittings. 

Replacing similar lamps in the adjacent 
cruise ship terminal involved a team of three 
men, as the scissor lift had to be taken there 
via a public highway with a two-vehicle 
escort, then dismantled to get it through the 
door and re-assembled inside the building. 
This procedure had to be managed to 
accommodate cruise ship timetables and 
staff scheduling, so failed lights could end up 
waiting for a while to be replaced.

Often facility managers will demand 
a full bulb and ballast change as routine 
maintenance to reduce the inherent 
risk of opening a fitting with dust 
present resulting in added cost for 
the maintenance beyond just the bulb 
replacement. Regular servicing of the 
fittings also leads to moisture intrusion 
and deterioration of gaskets and other 
hardware. Traditional fittings are also 
typically very heavy and cumbersome (see 
Figure 3), often requiring several workers 
to handle safely during installation, all at 
added cost and risk. In addition disposal 
of conventional fittings often requires 

Shedding LED light 
on industry
Dan Doxsee, chief commercial officer, 
Dialight, Farmingdale, New Jersey, United States of America

Figure 1: Comparison of lumens per watt light output and lifespan 
of current lighting technologies.

LIGHT SOURCE LUMENS/
WATT

LIFETIME IN  
HOURS (X1000)

HPS 60-120 10-24

LPS 200 10-24

Mercury vapour 50 10

Metal halide 60-100 6-20

Fluorescent 40-100 6-45

CCFL 50-75 6-15

Incandescent 5-25 1

Induction 60-90 100

LED Up to 160 100+
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specialised handling and recycling due to 
the hazardous materials (phosphors and 
mercury) that they contain. 

Maintenance payback in two years
In such an environment as a bulk food 
store, where spontaneous ignition is 
possible, it is essential to select a food 
product-safe luminaire that would avoid 
dust build up and comply with food 
regulations. To meet this need and the 

other multiple challenges, the thirteen 
400W SON high bays in shed three were 
replaced by eight 172W LED high bays 
while the 400W HPS in the workshop and 
cruise ship terminal were replaced with 
150W LED high bays. 

The burden of maintenance has now 
effectively been eliminated, as each LED 
high bay carries the manufacturer’s five 
year performance warranty. By substituting 
the HPS with LED fittings, Dr Derek 

McGlashan, environment and energy 
manager at Forth Ports calculates that the 
company will recoup the capital outlay in 
two years from reduced maintenance, as 
the covers in the bulk store do not need 
replacing because LEDs do not emit the 
same heat. In addition, it is saving 76 
percent of the previous operating costs 
through overall energy savings in shed 
three and over 60 percent in the other 
areas with equivalent reduction in carbon 

Figures 2a and 2b: Shed three at Forth Ports lit by 13 400W SON floodlights on left and eight 172W LED high bays on right.
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emissions in each area. Even the disposal 
costs have come down as LEDs contain no 
harmful materials.

Improved light without delays
The most obvious impact however, is 
in the light quality, and particularly in 
shed three. The vast improvement in 
colour rendition makes it much easier to 
monitor product quality in the store. The 
workshop has also benefited from the 
improved colour rendition, with the LED 
lighting’s similarity to daylight especially 
appreciated by workers on the night shift. 
LEDs produce a white light from multiple 
light sources with less risk of dark spots, 
giving much better colour rendition, 
particularly helpful on the electrical bench 
when working on complex wiring. In 
addition, their instant-on ability removes 
the re-strike delays, allowing them to be 
switched off when not required, rather 
than left on ‘just in case’. The cruise ship 
terminal is also efficiently lit with a full set 
of welcoming white lights as passengers 
enter the security hall.

With land at a premium in all ports, 
port operators want to avoid proliferation 
of masts, not only to allow more real estate 
for cargo storage but also to reduce the 

number of collision hazards. LED high 
bays are currently being trialled outside 
on masts at the Port of Leith to see how 
they perform. It is not just a question of 
light fittings being robust enough to stand 
up to the buffeting of high winds and 
exposure to extreme weather, which should 
not present any challenge to a product 
designed for use in just such environments; 
there is also the increasing concern with 
light pollution. If a mast gets hit by a 
passing vehicle, the lights can be put out 
of position and need rapid adjustments to 
make sure that the port does not become 
a nuisance neighbour, especially if it is 
operating near a residential area. 

Finally let me share this comment from 
Dr Derek McGlashan of Forth Ports: “As 
one of the UK’s largest ports groups, we 
take our environmental responsibilities 
seriously. We are delighted with the 
reduction of energy consumption achieved 
with the added benefit of elimination of 
maintenance and the associated disruption. 
Together these help us to operate more 
efficiently and deliver operational benefits 
while we are also minimising our impact 
on the environment. We are now actively 
examining other areas of the business 
which could benefit from this technology.” 

About the author

Dan Doxsee is the chief 
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Figure 3: A bulky 400W HPS high bay can be directly replaced by a low profile 150W LED high bay.
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Customs and 
Security

“The introduction of technology such as high security mechanical 
seals, electronic seals, anti-tamper technology, and the use of global 
positioning system (GPS) devices are some of the recent developments 
to better ensure container security, both in port and at sea.”
‘Analysing threats, policies and solutions in port security’, page 90.



Port and harbour security became an issue 
of growing concern in the wake of the 
September 2001 (9/11) attacks on the US, 
the attacks on the naval destroyers USS 
The Sullivans and USS Cole while tied 
up in the Port of Aden in Yemen in 2000, 
and the French oil tanker Limberg in 2002. 
Prior to these attacks the main focus of 
port security was often directed at land-
side threats such as the theft of cargo from 
containers, warehouses, or ships berthed 
in port. Securing perimeter fencing to 
prevent thieves from accessing the port area 
including warehouses was often the main 
concern, particularly in ports adjacent to 
urban areas. Similarly, there is potential for 
undocumented migrants to enter a port and 
attempt to stow away on ships, in containers 
or in trucks parked in the port area.

International policy response to 
9/11 attacks
In the wake of 9/11 international 
measures  were  int roduced by  the 
International Maritime Organization 
(IMO) to provide greater protection 
from potential terrorist attacks on ports 
and on the ships using them. These 
measures included the International 
Ship and Port Facility (ISPS) codei, 
a set of measures introduced in 2002 
under chapter XI-2 of the International 
Convention for the Safety of Life 
at Seaii. This establishes mandatory 
requirements on both ships and ports to 
enhance maritime security. Under the 
code, ports are required to have a port 
facility security assessment conducted 
by a recognised security organisation, 

which examines the physical security 
of the port, its structural integrity, 
personnel protection and also transport 
infrastructure such as access points for 
road or rail transport. Having identified 
potential security threats, a port facility 
secur i t y  of f icer  i s  responsible  for 
maintaining a security plan for the port 
covering aspects such as who can access 
the port, how to identify individuals in 
the port area, and how to ensure the 
physical security of the port, including 
its buildings and infrastructure, from 
land and from sea. The security plan 
should also identify the relevant agencies 
to be contacted in the event of different 
types of security breach (local police, 
immigration officials, security forces 
or the military for example). In 2003, 
a code on practice in port security 
was introduced by the IMO and the 
International Labour Organizationiii 
and this document outlines the security 
requirements placed on ports.

Container security initiative
Subsequent to the 9/11 attacks, the 
US introduced its container security 
in i t ia t ive  (CSI)  in  2002 (see  US 
Customs and Border Protectioniv). This 
required pre-screening of all containers 
destined for the US from participating 
ports. These CSI operational ports 
include many of the largest container 
ports by volume of cargo, and from 
around the globe. The three main 
elements of the CSI are identifying 
h igh  r i sk  conta iners  that  pose  a 
potential risk from terrorists, screening 
them before they depart for the US, 
and using technology to conduct that 
screening without causing any delays in 
the transport of the cargo. Screening by 
manual inspection, with the contents of 
a container emptied and examined by 
hand or even disassembled, is the most 
common way of inspecting containers for 

Analysing threats, 
policies and solutions 
in port security
Dr Angela Carpenter, visiting researcher, 
University of Leeds, United Kingdom

The introduction of the container security initiative (CSI) in 2002 required pre-screening 

of all containers destined for US ports, such as Long Beach (pictured), from participating 

foreign ports
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contraband goods, while canine patrols 
may also be used to identify drugs or 
explosives. However, CSI ports have a 
range of non-intrusive methods available 
to screen a container including x-ray or 
gamma scanners to generate an image of 
the contents and identify whether any 
additional searches are needed, and also 
radiation detection devices to identify 
any radiological hazard. The result is 
that far fewer containers need inspecting 
manually and ships can be loaded more 
quickly. While expensive in terms of 
initial cost, such technology can prove 
a cost-effective investment towards 
improved security and faster throughput 
of containers.

Container security technology
While the vast majority of ports are not 
part of CSI agreements, developments 
to improve containers themselves may 
also prove beneficial. The introduction 
of technology such as high security 
mechanical seals, electronic seals, anti-
tamper technology, and the use of global 
positioning system (GPS) devices are 
some of the recent developments to better 
ensure container security, both in port 
and at sea. There are also developments 
in the area of new materials to create 
lightweight, flexible containers, with 
embedded sensors in the walls, doors 
and floors which detect any breaches 
and transmit alerts to relevant agencies. 
Secure storage of containers in ports, 
with designated areas covered by motion 
detection, CCTV or other surveillance 
tools wil l  also help better protect 
containers and cargos, while carbon 
dioxide monitors can be used to identify 
whether there are any stowaways hidden 
inside containers or in confined spaces on 
board ships. 

Smuggling through ports
Smuggling by sea is an effective and 
lucrative way of transporting goods 
from one location to another, with 
drugs, tobacco and cigarettes, alcohol, 
counterfeit goods and undocumented 
migrants being smuggled on board 
ships. In addition, there are reported 
cases where weapons such as small 
arms and light weapons, explosives, 
anti-tank rocket launchers and anti-
aircraft equipment have been smuggled 
on board ships. Drugs have been found 
concealed in cargos as different as 
concrete blocks, crates of bananas, and 
in vehicle tyres. Griffiths, Hugh and 
Jenks (2012)v provide an overview of 
how criminal organisations use maritime 
transport to smuggle a range of items 
and also undocumented migrants, and 
making use of containers to do so, and 

also identifying the types of vessel and 
flag states most likely to be involved in 
smuggling activities.

Land-side security measures
Ports falling under the ISPS code are 
required to put measures in place to 
ensure the security of the port area. 
This includes both land-side and water-
side security (including underwater 
security). The main land-side issues are: 
perimeter security; securing connections 
to utilities (electricity, gas, water supply, 
telephone or digital networks); protection 
of infrastructure including equipment, 
secure storage areas, bonded warehouses, 
offices and other staff accommodations; 
any areas where hazardous materials 
including chemicals are stored; and 
detection measures to identify smuggled 
items. In respect of perimeter security, 
a combination of stationary and mobile 
patrols, including canine patrols, can 
be used to monitor the perimeter area 
in addition to secure fencing, CCTV 
cameras, motion detectors and other 
technological systems to detect intruders. 

Entrance and exit gates should be 
manned at all times and, depending on 
the nature and size of the port, separate 
gates may be necessary for pedestrians, 
vehicles, and for truck/rail container 
transport . In addit ion, systems to 
monitor for drugs or explosives should 
be considered at access points, including 
canine sniffer dogs, to ensure such 
materials do not get into the port. This 
can include vehicle and cargo inspections 
outside the secure port perimeter.

A system of identification badges, with 
different colours for different groups of 
workers or individuals, together with 
monitoring who is in the port at any 
given time is important, as is ensuring 
that anyone who leaves the employ of 
the port returns his/her badge. CCTV 
should also be used to monitor individual 
movements  a round the  por t  and  
control access through security doors. 
Biometric systems such as retinal or 
fingerprint scanning may also be used in 
conjunction with keypad entry systems 
in areas containing high value or high 
risk materials, over and above standard 
security measures. Night time security of 
those areas can be improved with the use 
of infra-red and pressure-sensor systems 
which are triggered by any movement 
in, for example, bonded warehouses 
or buildings containing electrical and 
telecommunications systems. 

Water-side and underwater 
security measures
Protecting ships from attacks by surface 
vessels is one of the water-side security 

threats facing some ports, particularly 
those where mil itar y vessels  berth 
during a voyage. There are also issues 
with smugglers attaching containers to 
the hulls of ships entering a port, to be 
accessed and removed at a later date; 
divers entering the port directly from 
the water or by climbing on board a ship; 
or submersibles and remote-operated 
vehicles being used to transport drugs or 
explosives. Additionally, undocumented 
migrants may stow away on board 
ships or in containers. As a result a 
combination of sea-facing/land-based 
and underwater security measures are 
necessary in ports. Sea-facing measures 
inc lude the use of CCTV cameras 
(inc luding infra-red) and adequate 
lighting to monitor for unauthorised 
people leaving a ship, in conjunction 
with physical security patrols and canine 
patrol  teams. As noted previously, 
at  night when there should be no 
movement in an area, the use of motion 
detectors or buried sensors and cables 
may also be considered. 

In terms of  under water  secur ity 
measures, one of the simplest solutions 
is the use of underwater lights, fixed 
cameras and video systems, or remote 
operated roving cameras, to monitor the 
area for incursions. Diver interdiction 
systems, using low frequency acoustic 
energy can be used to deter divers from 
approaching a port or ships from below 
the surface and are particularly useful 
in high threat areas such as around 
military vessels or high value targets. In 
addition, passive acoustic monitoring 
u s i n g  h yd r o p h o n e s  ( u n d e r w a t e r 
microphones) can be used to listen for 
underwater sounds that may be caused 
by a submersible, where the noise 
generated by its motors will be different 
from that generated by surface vessels. 
Such a system would be particularly 
useful in a port where there is limited or 
no night-time movement of ships. Also 
in those ports, a system of underwater 
security nets may be useful in preventing 
intruders from accessing the port both 
above and below the waterline. Different 
types of physical barriers are available 
and include suspended nets containing 
fibre optic cable which identify where 
the net is cut, with sections that can 
be raised and lowered to allow ships to 
enter or leave the port, while floating 
barriers also exist which can be used to 
prevent incursions by fast boats. The 
choice of whether to use underwater 
cameras, diver interdiction systems or 
some form of physical barrier will, of 
course, depend on the type of security 
threat facing a port, and the cost of the 
different systems. 
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As port professionals, we live in interesting 
times where both ports and their security 
processes are changing rapidly. To quote 
the adage ‘you don’t need to be a weather 
man to see which way the wind blows’ is 
quite apt when describing the whirlwind 
changes that are taking place in the global 
ports industry. Recent news stories have 
highlighted the US$36 billion expansion 
plans of the Gulf Cooperation Council, 
with port infrastructure developments 
planned for Saudi Arabia and the UAE. 
Closer to home in the UK, a major new 
port facility has been introduced to the 
south of England while further expansions 
in the north are gearing up.

As  por t s  look  to  deve lop, key 
consideration must be given to the port 
security infrastructure and how change 
can offer improvement. The world of 
technology now offers a host of products 
that can be implemented across a port 
security operation. Amongst these, a 
few wisely chosen solutions, effectively 
implemented, can provide savings and 
process improvements long into the future.  

At G4S we have worked to continually 
investigate and trial new technology which 
can present benefits to port operators. With 
each solution we analysed, we became more 
convinced that the most effective way to 
manage security is by integrating all of the 
sometimes disparate activities that can make 
up a port security operation. We strongly 

feel that ports must consider the benefits 
that integrated port security can offer. 

An integrated approach
All security processes within a port should 
integrate technology and manpower 
processes to ensure that best practice 
is promoted across the entire security 
function. This integrated approach will 
ensure that every component of the security 
operation responds effectively and works 
in unison to deliver unbeatable security 
coverage against threats and contraband.

A truly effective integrated security 
system, which uses the latest technology, 
must be built upon an effective systems 
management platform. Through the use of 
such a platform various processes, systems 
and manned guarding services can be 
effectively integrated under one system. 
Over the last few years, we worked to 
develop our own solution, which could be 
used to unite the various strands of a large 
port security operation.  

We found that when this was combined 
with a suitable web-based information 
management platform it could help deliver 
the enhancement of operations across a 
port by allowing the analysis of operational 
data. The combination of these platforms, 
when used with the right technology, can 
form the foundation of an effective single 
security infrastructure, which can lead to 
immediate performance improvements.

An effective integrated approach should 
focus on every level of port security, from 
top to bottom. This is where opportunities 
to invest in the latest technological tools, 
such as intelligent CCTV, should not 
be ignored as the investment can offer 
considerable long term payback. Through 
technology, an integrated approach can 
also be used to support and improve the 
activities of the port operational personnel, 
in addition to the security function.

Let us consider how an integrated 
approach can help ports and their staff to 
deliver operational efficiency and real cost 
savings.

Better CCTV through integration
The latest high definition megapixel 
(HDMP) camera technology offers 
improved image quality and a truly 
intelligent CCTV solution. By providing 
wider area views than functional pan tilt 
zoom cameras (PTZ) and using digital 
zooms into specific areas, an unlimited 
number of analytic rules can be applied 
to each video. This ability to capture 
significantly more information than 
conventional analogue CCTV cameras 
immediately offers port operators an 
opportunity to reduce the number of 
CCTV cameras currently deployed on site 
by switching to HDMP.

By using an integrated system’s 
knowledge management capability raw 

Integrated security 
through technology 
and manpower
Adrian Tighe, managing director, 
G4S Transport and Borders, London, United Kingdom

G4S at the Port of Southampton G4S, on duty at the Port of Dover
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images can be turned into intelligence. 
This can enable the ‘tagging and tracking’ 
of individuals and vehicles for real time 
and forensic monitoring, which will help 
port security personnel manage traffic 
flows and avoid bottlenecks. The system 
can also actively spot potential security 
breaches and improves customer service 
through the precise deployment of staff to 
where they are most needed.

This CCTV and video content analysis 
system was successfully deployed at 
numerous facilities at a major US port. 
Additional cameras were designed, built 
and integrated into the port ’s current 
security system. The cameras were 
strategically placed, providing a higher 
level of video protection to key areas 
within the port complex. In addition to 
expanding the video analytics system, 
G4S was able to add sensors and system 
monitoring capabilities to this versatile 
solution.

More effective solutions
An integrated approach can also be used 
to manage the physical access process at 
ports. A single security infrastructure 
can exploit access control and CCTV 
capability, as well as integrating with 
intruder detection systems, to cover a 
variety of functions. This can include 
using biometric facial recognition systems 
to remotely grant access to people and 
vehicles, the enforcement of parking 
control, implementing counter-terrorist 
measures and making initial deployment 
risk assessments remotely and safely. 

This process has also been implemented 
at several  major ports around the 
world with statistical evidence showing 
reduct ions in labour management 
costs and deployment times, as well as 
guaranteeing the compliance of rotas 
to union labour rules and effectively 
matching labour skills to specific duties. 

Beyond security
During site visits at various ports, we 
identified ways in which an integrated 
solution could also be applied to the 
facil it ies management process. For 
example, HDMP cameras can be set up 
just outside bathroom facilities to track the 
number of customers who visit it. When 
a pre-determined number of customers 
have visited the facility, the system could 
generate an alert for a cleaner to service 
the facility. The cleaning process is now 
based on the level of facility usage and 
not just the shift patterns of staff. This 
shows how an integrated system can 
provide wider benefits beyond security, ie. 
enhancement of the customer experience 
and potentially cost reduction.

An integrated security system can also 

be used in the pass issue process. For 
example, by using automated self-service 
kiosks for issuing short term visitor passes 
that can be linked to the system platform 
to provide meaningful management 
information to help reduce ‘dwell time’ in 
the port. In addition the pass system can 
link to employee attendance records which 
can then be utilised to provide automated 
notification to HR of administration 
requirements, such as pass or vehicle 
validation or to alert them of employees 
who require upcoming refresher training 
for specific roles. This is another example 
of how the integrated security approach 
can step beyond the normal port security 
processes and offer benefits to various 
operational areas as well as functions such 
as HR and Finance.

Future-proofed solutions
An important area to consider when 
implementing any new solution is whether 
it is future-proof and will remain effective 
in light of significant changes. We all 
know that the world of technology is a fast 
moving one. The integrated port security 
solution must be able to include the latest 
advances which can improve operational 
processes and customer satisfaction. 
Whether this must always be leading 
edge technology is debatable and should 
be driven by the business need while 
maintaining the ability to future-proof. 

We believe that security products 
deployed in a modular system will allow 
the system to be continually modified 
to meet the changing needs of the port 
as well as enabling the introduction of 
relevant new technology as desired. This 
approach can support any increase in 
existing operation, the introduction of 
new services (eg. a standardised check-in 
system) and the use of other facility 
locations within a port (eg. a new terminal 
building).

Technology and manpower
You would be forgiven for thinking that 
our approach to port security is focused 
purely on the latest innovations. However 
in every instance, it has been the belief of 
G4S that port security operations should 
employ the very best people and use the 
very best tools, technology and processes to 
enhance their skills. This fully integrated 
approach will empower staff with the 
ability to provide the best in port services.

By adopting an integrated approach 
ports will not just be providing their teams 
with the appropriate tools to deliver world 
class security services. They will also be 
providing management with the ability to 
forecast and plan the deployment of their 
workforce to maximise productivity and 
eliminate wasted manpower hours. They 

will help reduce wastage and increase 
operational compliance by, for example, 
replacing predominantly paper-based 
systems with PDAs and wireless inter-
connectivity. 

Most importantly, these tools will give a 
port’s staff the means to develop genuine 
insight and make key decisions that 
can have a huge positive impact on the 
operation, from managing check-in queues 
to effective facilities management. 

A truly successful integration means 
more than just increasing the inter-
connectivity between products and 
processes. True integration lies in helping 
to establish a perfect balance between 
manpower and innovation that is needed 
to deliver a true ‘best in class’ port security 
solution. This allows management to 
provide the highest level of protection 
for the personnel and assets at a port 
environment while still guaranteeing 
customer satisfaction.
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