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EDITORIAL
As Terra et Aqua’s last issue of 2017 arrives on your doorstep, desk or inbox, it signals the close of 
yet another year fi lled with milestones which merit refl ection.

During my fi rst year as IADC’s President, I had the honour of giving the keynote at CEDA 
Dredging Days in Rotterdam. In the setting of a technical conference, my talk ‘Dredging the 
Industry’s Mindset’ conveyed the importance of the past and ongoing changes improving 
the industry. Technological and organisational advances are propelled in large part by the 
dredging industry’s drivers. Changes regarding Design and Construct contracts, SHE-Q and the 
environment resulted in much larger and complex organisations. To emphasise the importance 
of connecting the industry's expert workforce – especially the emerging employees of dredging 
companies – the IADC held its fi rst Networking Event, bringing together nearly 70 professionals 
from all around the world.

In Marseille, I bestowed the IADC Safety Award to the creator of a solution which eliminates risk 
to both workers and the general public by optimising a fundamental activity of dredging projects: 
the transportation of pipelines. The solution was commemorated at the award ceremony of the 
DPC Innovation Awards. Weighing a few tonnes each, pipe segments are bolted end-to-end to 
unify as a functional pipeline, moving dredged sand on a project site. But before this essential 
task can be performed, the pipe segments must arrive to the site. At storage facilities, pipe 
sections are loaded onto fl atbed trucks one-by-one for transport between storage facilities and 
project sites. And with hundreds of such trips often needed for a single project, it is considered 
an everyday activity in the grand scheme of maritime infrastructure projects. When it comes to 
lifting, moving and stacking six tonne steel pipes with a crane and then driving thousands of 
kilometres with stacked pipes, there are risks. Instead of waiting for an incident to occur on their 
watch, the award’s recipients – Maarten Tronckoe, Simon Van den Berghe and Pieter Verpoest 
of Jan De Nul – chose to be proactive, researching and implementing improvements to reach a 
higher safety standard than was previously practiced.

While logistics activities are an essential step in realising marine infrastructure projects, vessels 
are still among the dredging industry’s top priorities. Today’s trend says bigger is better. Ports 
are expanding their berthing facilities and channels, and the ecological systems encompassing 
them are inherently impacted by development. Larger ships are reaching far fl ung corners of 
the globe and bringing the effects of their emissions with them. Responding to legislation 
like the Paris Agreement, changes to reduce emissions are being implemented industry-wide, 
integrating sustainable fuels and maximising effi ciency. Ship builders are researching and testing 
improvements for new vessels which even exceed legislation. In the second article, read how a 
combination of vision and proactivity are fuelling changes in ship building.

Sydney’s Port Botany is among the international ports that prepared its facilities to host 
additional, larger ships. The expansion would fi rst and foremost impact the encompassing 
waterbody of Botany Bay, but there are neighbourhoods and existing facilities nearby. The 
economic, environmental and socio-economic impacts of the port’s development were included 
in the IADC’s 2016 report Ecosystem services: towards integrated marine infrastructure project 
assessment. Now, the group of researchers from University of Antwerp has assessed  Port Botany’s 
completed expansion for its potential as an exemplary model for the sustainable development of 
ports.

The dredging industry aspires to realise projects which fulfi l their primary functional requirement 
while adding value to natural and socio-economic systems. This can only be accomplished once a 
thorough understanding of these complexities – in combination with the proactive engagement 
of stakeholders – is acquired. To guide a project’s stakeholders, IADC and CEDA’s upcoming 
publication Dredging for Sustainable Infrastructure is being written by a team of top industry 
experts. Available in May 2018, the guide is just one of our many undertakings to push the 
dredging industry to the next level in the new year. 
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Frank Verhoeven
President, IADC
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ABSTRACT

This article aims to contribute to the positive 
sustainability outcomes of port development 
projects by means of enhancing port activities 
(Prosperity) and benefiting the broader society 
(People) and the ecosystem (Planet). Many 
marine infrastructure works are taking place 
in environmentally sensitive areas. A more 
objective evaluation of the benefits and 
potential negative effects of port development 
for our Prosperity, People and Planet would 
assist with assessing the sustainability of a 
port development project. 

The concept of ecosystem services (ES) has 
become increasingly important as a tool for 
integral evaluation of project effects – 
whether benefits or impacts – and achieving 
broad public support. Taking an ecosystem 
services perspective will not always give a 
conclusive answer whether a project is overall 
beneficial or not (in case there are both 
positive and negative effects), but has an 
important added value by identifying all 
effects and by putting them together in a 
single assessment.

The Ecosystem Management Research Group 
(ECOBE) in the Department of Biology of the 
University of Antwerp in Belgium and the 
International Association of Dredging 

Companies (IADC) have joined forces to 
explore the subject of ecosystem services 
assessments in regards to sustainable 
dredging and marine infrastructure works. 
This article demonstrates that a more 
integrated evaluation of the Prosperity, People 
and Planet outcomes of port development can 
be achieved through the use of ES. To illustrate 
this approach, the ES assessment for the port 
expansion project in Botany Bay in Australia is 
shown. The ability to identify and evaluate a 
broad range of effects of port development for 
society is the first step towards sustainable port 
development projects. 

The target audience of this article consists of 
personnel within IADC member companies, 
particularly those who are in the position to 
further operationalise the ES concept within 
their own organisations. The article is meant 
to help them familiarise themselves with the 
concept and identify opportunities for 
sustainability in different stages of port 
development projects. The article can also be 
used to inspire and streamline discussions 
with third parties involved with decision-
making on port development projects.

INTRODUCTION

Sustainable Port Development: 
Needs and Challenges
The ongoing need for navigation in the 
context of a growing world population and 
global world trade as well as climate change 
challenges are major drivers of the dredging 
sector. Consequently, there is a permanent 
need for marine infrastructure projects due to 
growth and this is especially so for people 
living in low-lying delta areas. However, 
nowadays, development companies are 
operating in an increasingly complex world – 
not only are projects getting more 
complicated from a technical point of view 
but there is also a growing environmental 
awareness amongst project proponents, 
legislators and contractors. Companies are 
taking ownership of their responsibilities – 
environmental awareness in this case – by 
promoting the design and implementation of 
more sustainable solutions. But alone, 
developing and designing solutions are not 
good enough. To enable broad 
implementation and ensure effective 
realisation, these solutions should be widely 
accepted by clients, project financers and 
other stakeholders. The benefits of these 
solutions or approaches should be taken into 
account in the evaluation method being 
utilised. This is where the concept of 

TOWARDS SUSTAINABLE 
PORT DEVELOPMENT

A. BOEREMA, K. VAN DER BIEST AND P. MEIRE

Above: A bird’s eye perspective of Port Botany’s expanded 

container terminal and Penrhyn estuary situated adjacent 

to the reclaimed area. Photo courtesy of AECOM
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terminal area was created and an area of two 
hectares adjacent to the tug berth facility was 
reclaimed to create a new public boat ramp 
and car park with direct access to Foreshore 
Road [1] (see Figure 1C).

The extra terminal area and berths have a 
capacity of about 1.6 million TEUs per year. 
This brings the total capacity at Port Botany to 
more than 3 million TEUs per year for the next 
25 years and beyond. The depth of the port 
basin – up to 16.5 metres – allows large 
container ships with a capacity of up to 8,000 
TEUs. Dredging of approximately 7.8 million 
cubic metres of fill material was necessary to 
deepen shipping channels and berth boxes 
(see Figure 1B). The total cost of the Port 
Botany Expansion amounts to AUD 1 billion. 
Economic benefits result from improving the 
efficiency of cargo handling, making exports 
more competitive and avoiding congestion 
costs. Furthermore, the project’s construction 
and the expanded terminal’s operation 
generate many direct and indirect jobs.

The Botany Bay port area has been subject to 
many changes related to previous human 
activities including the creation and removal 
of habitats, contamination of water and 
sediment from industrial activities, introduced 
species, fishing activities and shipping 
operations. Land uses surrounding the site 
comprise primarily open space, industrial, 
residential and transport-related uses with 
associated support services. Residential areas 

are located in the vicinity of the site to the 
north and northeast. The industrial-slash-
residential suburb of Banksmeadow lies to the 
north of the site. The residential area of 
Botany is located approximately 0.5-1 
kilometres to the northeast of the site. A 
relatively large residential area consisting of 
Hillsdale, Matraville and Maroubra is located 
to the east of the site. 

The key developments in the region that result 
in significant impacts are the existing port 
facilities, Sydney Airport and the Green 
Square redevelopment in Alexandria. Sydney 
Airport - the major aviation gateway to 
Australia and a major focus of economic 
activity – is located approximately 1.5 
kilometres west of the site. Used for rail 
transport of freight to and from Port Botany, 
the Botany Freight Rail Line occupies a 
corridor to the north and northeast of the 
site. At the port end of the freight line sits 
Botany Yard which facilitates shunting 
activities and the breaking up of trains prior to 
entering the port terminals. The increase in 
aviation, train and shipping traffic – 
independent of the Botany Bay expansion – 
already caused a lot of effects in the area. 

Ecosystem Services Assessment
Ecosystem services (ES) are the benefits 
humans derive from nature [4, 5]. The ES 
framework forms the bridge between 
ecosystems and human well-being, often 
referred to as the socio-cultural context. This 

ecosystem services (ES) comes into play.  
To enable the design of more sustainable 
dredging and marine infrastructure works and 
their efficient, safe implementation and 
realisation in environmentally sensitive areas, 
the concept of ES has become increasingly 
important as a tool for integral evaluation of 
project effects – whether benefits or negative 
impacts - and achieving broad public support. 

Port Expands into Botany Bay
To illustrate how the concept of ES can help 
in the transition towards sustainable port 
development, an ES analysis is demonstrated 
in this article for the Port Botany container 
terminal expansion project in Botany Bay, 
Australia. Most information about the project 
is taken from the environmental impact 
statement [1], Port Botany Expansion overview 
brochure [2] and Annual Environmental 
Management Report of 2009 [3].

Sydney Ports (Sydney, Australia; Figure 1A) 
expanded Port Botany to ensure sufficient 
port capacity – availability of berths and 
terminal land – to meet the forecasted growth 
in New South Wales (NSW) container trade 
after 2010. The project was approved in 2005 
and completed in 2011. It extended the 
existing Patrick Stevedores container terminal 
with 1,850 metres of additional wharf face – 
approximately 550 metres west and 1,300 
metres north – which facilitates five extra 
shipping berths adjacent to the existing berths 
(see Figure 1). An additional 63 hectares of 

Figure 1. A: Location of the new terminal area for the Port Botany expansion, Botany Bay, Sydney, Australia [1]. B: Project area before (2001) and after (2015) the port expansion. 

Image courtesy of Google Earth C: Project layout: New terminal area, boat ramp, Penrhyn estuary, foreshore, dredging area [3].

A CB

Terra et Aqua_149.indd   6 15-12-17   11:02



context of port development are provisioning 
services such as food provisioning from fish, 
wood production and transportation, 
regulating services like climate, water quality 
air quality regulation, flood protection and 
sedimentation and erosion regulation, and 
cultural services including recreation and 
cultural heritage [6-10]. Although not 
considered ES, biodiversity is part of this 
assessment exercise because of the strict 
nature regulation targets worldwide. 

Though these benefits are always delivered, 
project stakeholders – including developers, 
financers, governments – do not always 
perceive them as a full ’economic good’. An 
ES assessment can provide quantifiable 
information and data that can be included in 
a traditional cost-benefit analysis of projects. 
Thus, monetary valuation of ES can be utilised 
to make a full environmental cost-benefit 
analysis and weigh the investment cost with 
not only technical profits, but also 
environmental and socio-economic benefits. 
An ES assessment also allows for a better 
comparison between project alternatives – not 
just scenarios that mitigate negative effects 
but also the ones that positively contribute to 
the environment. Furthermore, qualitative 
assessment can be done for ES when 
monetary valuation is not possible in a 
straightforward manner. In this way. other 
considerations can be added to the evaluation 
such as habitat and biodiversity targets.

ES ASSESSMENT OF BOTANY BAY 
PORT EXPANSION PROJECT
The ES assessment is conducted following 
four steps. In Step 1, the different types of 
habitats affected by the project are identified. 
Habitat types that might be relevant for port 
development projects range from offshore to 
shore and estuarine to terrestrial habitats (see 
Table I). In Step 2, ES delivered within these 
habitat types are identified and the relevant 
ES for the specific project selected (see Table 
I). Each ES as well as the underlying 
mechanisms driving the delivery are described 
in Step 3. Table I gives an overview of the 
main ES that are delivered by the listed 
habitat types. This overview is based on an ES 
analysis of five case studies of dredging and 
marine infrastructure projects of which the 
Port Botany Expansion project is one case 
study [11]. Finally in Step 4, all ES are assessed 

shows how humans depend on ecosystems 
and ES to explain these relationships. The 
concept of ES aims at classifying, describing 
and assessing the value of natural resources 
and ES in terms of benefits for society such as 
security, basic material for good life, health, 
good social relations. Relevant ES in the 

Towards Sustainable Port Development  7
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first in a qualitative review and a quantitative 
and monetary assessment is added as much 
as possible depending on available data. 

The assessment consists always of the 
comparison of alternatives: either comparing 
the situation with or without a project, or the 
comparison of other scenarios. For the 
quantitative assessment, each service has its 
own unit which is most relevant for that 
service. For example, carbon sequestration is 
expressed in tonnes of carbon sequestered per 
hectare per year; wood production is 
expressed in cubic metres of wood volume 
increase per hectare per year. For the 
monetary valuation, each of the quantitative 
units is translated into euros per hectare per 
year, forming a basis for comparison of 
scenarios. The methodologies used to quantify 
and value the different ES are explained in 
more detail for the case study.

STEP 1: HABITAT CHANGES RELATED 
TO THE BOTANY BAY PROJECT
Different zones and habitat types are affected 
by the project (see Table II). In the shore zone, 
the relevant habitat types are the bay, 
seagrass and mangroves. Along the north and 
northwest boundary of the new terminal 
(Figure 1B, C), the inner Penrhyn estuary is 
located with subtidal shallow water, intertidal 
flats and marshes. The hard substrata of the 
new terminal and berths is considered as a 
separate category referred to as ‘artificial 
habitat’. The last part is terrestrial, with 
planted shrubland. The description of habitat 
changes is mainly based on following 
references: Port Botany Expansion 
Environmental Impact Statement [1], Penrhyn 
estuary Habitat Enhancement Plan [12], Port 
Botany Post Construction Environmental 
Monitoring: Seagrass Summary Report, April 
2015 [13].

STEPS 2 AND 3: ECOSYSTEM 
SERVICES OF THE BOTANY BAY 
PROJECT
The main target of the studied project, the 
Botany Bay Container Terminal, was to 
increase port capacity using the existing 
navigation function of Botany Bay. The aim of 
this article is to assess whether the project 
generated other benefits beyond the main 
economic target. Depending on the available 
data, the calculation of these effects – in 
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Table I. Description of the different habitat types impacted by dredging and 
marine infrastructure projects and identification of ecosystem services 
potentially delivered by the different habitat types. This overview is based on 
an ES analysis of five case studies of dredging and marine infrastructure 
projects [11].
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O
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e Shallow, soft  
substrate

Soft substrate of shallow offshore waters (~6 to 10 m 
below sea level); e.g. sand banks x x x x x

Open water Water column in the entire offshore zone x x x

Sh
or

e

Foreshore
Seaward extension of beach, subtidal zone between low 
water mark and depth at which seafloor is no longer 
stirred by waves

x x x x

Beach Between low tide and springtide x x x x x

Lagoon, bay

Water body along the shoreline, separated from the sea 
by a barrier, connected to the sea by restricted inlets; e.g. 
lagoon of the sand engine between the sand supplemen-
tation and the beach

x x x x x x x

Sea grass Submerged aquatic vegetation in shallow zones x x x x x x

Mangroves Inundated forest area x x x x x x x

Es
tu

ar
y 

Subtidal deep 
habitat >5 m beneath mean low water (MLW); e.g. gully x x x x

Subtidal moderate-
ly deep habitat Between 2 m and 5 m beneath mean low water (MLW)

subtidal shallow 
habitat Between mean low water (MLW) and 2 m beneath MLW x x

Bare tidal flat Between mean high water (MHW) and mean low water 
(MLW) x x x x x x x x x x

Low tidal marsh Above mean high water (MHW); e.g pioneer vegetation x x x x x x x x

High tidal marsh  e.g. willow shrub x x x x x x x x

Fr
es

h

Freshwater rivers Creeks that flow into Penrhyn Estuary (Botany Bay) x

ha
rd
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e

Artificial reefs at all 
depth

Concrete, manmade structures; e.g. quay wall, groynes, 
dykes, jetty x x x x x x x x x x x x

Te
rr

es
tr

ia
l

Dunes Above springtide along sandy shores x x x x x x x x x x

Dune lake Water body in sandy sediments close to the sea but with-
out connection to the sea, rain or groundwater fed x x

Cropland Corn, vegetables, … x x x x x x x

Grassland Natural grassland, pasture x x x x x x x x

Forest Coniferous, deciduous, marsh forest x x x x x x x

Wetland e.g. Reed x x x x x x x x x
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biophysical and monetary terms – are 
illustrated which can be used to include in a 
cost-benefit benefit analysis. However, making 
a full cost-benefit analysis for the example 
project is not the aim of this article.

Provisioning Services
Food Production: Fish and Shellfish
Fish production is directly related to the 
amount of fish available from open water, 
from sea floor species such as crabs, shrimp 
and flatfish to hard substrata species present 
in the sea, estuary and harbour such as 
oysters and mussels. The potential for fish 
production is indirectly regulated by several 
other ecosystem functions and services such 
as the amount of food available for fish to 
feed on as well as biomass production, water 
quality regulation, nursery function and 
biodiversity. 

Commercial fishing was not directly affected 
by the port expansion because this activity 
was already prohibited within Botany Bay. 
There is, however, commercial fishing at the 
entrance to the Bay and within adjacent 
coastal waters. Based on modelling of 
hydrology and coastal processes, it is highly 
unlikely that the proposed port expansion 
would affect the physical nature of fishing 
activities outside the Bay. Given that many 
species of fish and invertebrates utilise the Bay 
waters as juveniles and then migrate into 
coastal waters, a possible concern is that there 
would be some effect on fish stocks as a 
result of the proposal. Under the proposal, 
there would be an overall increase in the 
amount of seagrass present in the core study 
area, hence it is expected there would be no 
net loss to fishery productivity and potentially 
a small increase. 

Currently, aquaculture (including oyster 
farming) occurs on the southern side of 
Botany Bay. Since the changes to Botany Bay 
outside the study area are considered 
negligible, no effects are expected. There are 
no plans to introduce aquaculture to Botany 
Bay’s northern section, particularly within the 
study area. However, in some areas of the 
shore, there are oysters on the mud flats. [1]

Overall, the port expansion project results in 
more fish productivity thanks to an increase in 
nursery area. Fish sampling in the existing 
brackish portion of the Penrhyn estuary 
indicates usage by a variety of fishes such as 
sea mullet (Mugil cephalus), sand mullet 
(Myxus elongatus), flat-tail mullet (Liza 
argentea), yellowfin bream (Acanthopagrus 
australis), tarwhine (Rhabdosargus sarba) and 
silver biddies (Gerres subfasciatus). These 

Table II. Summary of habitat changes.

Habitat Change (projected completed in 2011) Area (ha)

Shore

Beach, foreshore 
beach Restored and enhanced

Lagoon, bay
- 57 ha reclaimed (ship berths up to 16.5 m depth)
- 2 ha adjacent to the tug berth facility for the new boat facility 
Small channel developed in the inner estuary

-59

Seagrass 2001: 10 ha; 2008: 0.03 ha (=300 m²); 2015: 40 m² (=0.004 ha)
à Planned: 6 ha new = + 6 ha +6

Mangroves Project: - 1 ha -1

Inner  
estuary

Subtidal shallow Loss of a previously dredged hole and some areas of shallow subtidal sand habitat
Will partly develop to seagrass and intertidal flat

Intertidal flat Initial: 3.4 ha; Project: -1.7 ha 
à Planned: 10 ha new = + 8.3 ha +8.3

Marsh Initial: 1.4 ha; Project: -0.4 ha
à Planned: 2.4 ha new = + 2 ha +2

Outer  
estuary

Hard  
substrata

Ship berths - 57 ha reclaimed (ship berths up to 16.5 m depth)

Rock rubble

+ 1,850 m of wharf face
+  500 m of seawall adjacent to seagrass habitat within the access channel and 

Penrhyn estuary
+ 1,000 m rock wall adjacent to intertidal habitat
+ 500 m of seawall used for the tug berths and recreational boat ramp
--------------------
+  subtidal rock wall between the tug berth area and the downstream end of the 

estuary channel (average height of 5.5 m)
+ 4.5 m subtidal rock wall as an extension of the boat ramp rock revetment

+ 3850 m = 19250 m² 
(average 5 m height)

= 1.9 ha

Terrestrial

Dune, planted 
shrubland

Project: - 0.6 ha and - 10.5 ha
Retained: 4.5 ha -11.1

Surrounding area 
(road, residential, 
industry)

Freshwater 
habitat Drains
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similar types of benthic assemblages would be 
present following construction of the new 
terminal. Assemblages colonising the beach 
adjacent to the terminal and in the Penrhyn 
estuary would be likely to reflect a more 
sheltered, estuarine habitat. Surveys of 
benthic invertebrates in the intertidal zone 
indicate a relatively diverse assemblage of 
organisms, particularly in sheltered locations 
around the Penrhyn estuary. [1]

Seagrass provides food and habitat for fish 
and invertebrates and provides ’nursery 
habitats’ for recreationally and commercially 
important species of fish and invertebrates 
such as prawns and crabs [1]. From a study on 
fish communities inhabiting separate 
meadows of the seagrasses Zostera capricorni 
and Posidonia australis in Botany Bay, it was 
concluded that about 50 per cent of the 

species would use the estuary for a variety of 
functions, including shelter and feeding. 
Currently, access to the inner estuary is 
restricted to a narrow shallow channel at low 
tide, but with unrestricted access at high tide. 
Fish passage in the water column is important 
to enable fish and invertebrates access to 
spawning sites, nursery habitat and feeding 
grounds, and fish passage would generally 
not be altered under the proposed port 
expansion. The access channel parallel to 
Foreshore beach would be sufficiently deep 
(1.5 metres at low tide) to enable access by 
fish [1]. It is possible that fish could be 
affected by any powerful lights shining on the 
channel at night. It would therefore be 
preferable to have strong lights facing away 
from the channel [1].

Subtidally, dredging and reclamation would 
replace a large area of shallow sandy habitat 
with deeper soft sediments. The dredging 
would cause a temporary loss of benthic 
productivity whilst the reclamation would 
cause a permanent loss of productivity within 
the terminal footprint. Colonisation of the 
dredge holes would be rapid (timescale of 
months), but ‘recovery’ to a condition that 
could be considered representative of this 
type of deep habitat could take in excess of 
two years [1]. Furthermore, fish assemblages 
in the dredge hole would differ to the 
shallows [1].

Unvegetated soft sediments provide habitat 
for mainly invertebrate animals (polychaete 
worms, amphipods and molluscs), which in 
turn are a supply of prey for wading birds and 

food for fish in deeper water. Shallow, soft 
sediment habitats provide habitat for transient 
fish species of commercial value – tailor 
(Pomatomus saltatrix), southern herring 
(Herklotsichthys castelnaui), sand mullet, flat-
tailed mullet and sea mullet – and non-
commercial species including bait fish, gobies 
(Gobiidae), hardyheads (Atherinidae), 
perchlets (Ambassidae), sprats (Sprattus) and 
toad fish [1].

To the east of the boat ramp, the beach 
would be adjacent to the new terminal and 
be very sheltered from waves. Under these 
conditions, the pattern of erosion and 
accretion would cease at the eastern portion 
of the beach and be largely unchanged for 
the western portion. Given that the western 
beach would have a similar aspect to the 
present condition, it is to be expected that 

Table III. Calculation of the impact on climate regulation (carbon burial).

Habitat
Area effect Botany 

project (ha)
C burial  

(ton C/ha/y)
References data C burial Impact (ton C/y)

Shore

Lagoon, bay -59 0.068 [11] - 4

Seagrass +6 1.38 [18] 8-12

Mangroves -1 0.83 – 3 [19-22] - 0.83-3

Inner estuary
Intertidal flat +8.3 0.55-2.46 

[18, 21, 23-25]
4-20

Marsh +2 0.55-2.46 1-5

Hard substrata Rock rubble +1.9

Terrestrial Dune, planted shrubland -11.1 6.8 [26] -75

Total impact in tonC/y (average values) -56

Monetary value in €/y (220 E/ton C) -12,320

Figure 2. A container vessel berthed at Port Botany. Photo courtesy of AECOM

Terra et Aqua_149.indd   10 15-12-17   11:02



Towards Sustainable Port Development  11

dominant fish species associated with each 
seagrass habitat were of some economic 
importance [14]. Such species were usually 
residents or transients and made up most of 
the biomass in each habitat. Adults of these 
dominant economically important species 
were most abundant in both seagrass habitats 
during summer. 

Hence, an increase in seagrass habitat is 
beneficial by attracting additional fish and 
marine life. The extent to which fish can use 
the seagrass lagoons depends on their depth. 
Anything greater than about one metre in 
depth can be used by a variety of large and 
small fish. The design of the seagrass habitat 
takes this into account as it would be 
submerged during low tide and water would 
be able to drain into the access channel to 
prevent any stranding of larger fish [1].
The loss of one hectare of mangroves results 
in a foregone opportunity for fish, shellfish 
and molluscs (539 kg/y) and for shrimps  
(146 kg/y), with an economic value for 
fisheries of 23,613 US$/y.

The freshwater habitats of the drains are 
limited in size, restricted in diversity and 
polluted. They are also subject to very rapid 
flushing due to the highly cleared catchment. 
Few fish would access the drains – for 
example eels, mosquito fish, gudgeons and 
mullet – and fish passage in and out of the 
drains is not likely to be a major issue. Fish 
sampling in the existing brackish portion of 
the Penrhyn estuary indicates usage by a 
variety of fishes such as sea mullet, sand 
mullet, flat-tail mullet, yellowfin bream, 

tarwhine and silver biddies. These species 
would use the estuary for a variety of 
functions, including shelter and feeding. [1]

Some fish species in NSW travel to and from 
freshwater bodies and barriers can cause 
extinctions to local populations. In the 
Penrhyn estuary, access needs to be 
considered in relation to movement between 
the estuary and Botany Bay, and the 
movement between Springvale and Floodvale 
Drains and the estuary and into Botany Bay. [1]

The structure associated with the proposed 
port expansion would generally be made of 
rock which could provide habitat for a variety 
of invertebrates and fish fauna. Limited 
information is available on the ecology of 
hard-substrata communities within the Bay, 
although much is known about the ecology of 
rocky intertidal and subtidal habitats at the 
entrance to the Bay (Cape Banks). Species lists 
available for these habitats suggest that 
communities on artificial surfaces are similar 
to those on natural rocky reefs, but often 
differ in the structure of the assemblage. [1]

Benthic algae are attached on some of the 
seawalls, on rubble and derelict pylons at the 
old Government Pier near the Penrhyn 
estuary. Most of this would be removed as a 
result of the proposed expansion (except for 
the Government Pier), but would colonise the 
new solid structures associated with the new 
terminal. [1]

Aquatic species that are considered critically 
endangered and endangered in the vicinity of 

the site are the Loggerhead Turtle, Grey Nurse 
Shark, Murray Hardyhead, Eastern Freshwater 
Cod, Trout Cod, Oxleyan Pygmy Perch, River 
Snail, Green Sawfish, Blue Whale and 
Southern Right Whale.

Wood Production
Given the potential of mangroves for wood 
production, the loss of one hectare of 
mangroves results in a forgone opportunity 
for timber production (5976 kg/y) and fuel 
wood (5,140 kg/y) with a monetary value for 
forestry of 38,115 US$/y. Data is taken from a 
meta-analysis on mangrove forests [15]. 
However, due to the very small mangrove 
area in the project bounds, this service is 
considered too small to be beneficial for 
potential harvesting of timber and firewood.

Water Provisioning for Transportation
Port development projects do not directly 
affect the abiotic conditions of the system to 
increase water provisioning for transportation, 
but it increases the facility to gain more from 
the existing presence of the service water 
provisioning for transportation. The extra 
terminal area and berths have a capacity of 
about 1.6 million TEUs per year (see Figure 2).

Regulating Services
Climate Regulation Through Carbon Burial
Due to the habitat changes and the carbon 
burial capacity of each habitat type, it was 
estimated that the port expansion project 
results in a small negative effect (see Table III). 
Although the newly created habitat 
contributes positively to carbon burial, it does 
not compensate for the forgone carbon burial 

Table IV. Calculation of the impact on water quality regulation (denitrification, nitrogen and phosphorous burial).

Habitat ha Denitrification 
(kgN/ha/y)

N-burial
(kgN/ha/y)

P-burial
(kgP/ha/y)

Shore

Lagoon, bay -59 61-63 [30, 31] Negligible Negligible

Seagrass +6 29.45 [32, 33] 134 [34] 20.1 [34]

Mangroves -1 No data No data No data 

Inner estuary
Intertidal flat +8.3 0-437 [35, 36] 56.9 – 252 [35-37] 3.64 – 40 [36, 38-42]

Marsh +2 0-437 [35, 36] 14.2 – 252 
(see references intertidal flat)

0.91 – 40  
(see references intertidal flat)

Hard substrata Rock rubble +1.9 21.9 [43] 0.7-0.8 [43] 0.10 [43]

Terrestrial Dune, planted shrubland -11.1 No data 277 [26, 44] 20 [26, 44]

Total impact in kg N or P/y (average values) -1,500 -723 +120

Monetary value in €/y (40 €/kgN, 55 €/kgP) -60,000 -28,920 +6,643
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removal, a monetary value of 55 €/kg(P) was 
used, this is the average from the range found 
in literature (8 - 103 €/kg(N), [29]).

Air Quality Regulation
Air quality is expected to be affected by dust 
emissions during the Port Botany Expansion’s 
construction. Dispersion modelling of 
construction emissions showed dust 
concentrations and deposition rates comply 
with EPA criteria and would not result in 
significant impacts on surrounding land uses 
[45]. Monitoring in 2011 did not record PM10 
exceedances compared to the PM10 dust goal 
of 50 µg/m3 [27]. Changes in habitat types 
decreased the potential for fine dust capture 
in the area by reducing the presence of above 
ground vegetation (see Table V). Loss of 11.1 
hectares planted shrubland and one hectare 
of mangroves is replaced by only two hectares 
of marshes which is the only habitat type with 
a potential to capture fine dust. The monetary 
value of air quality regulation through fine 
dust removal is calculated as the avoided 
damage to human health (€/kg PM10). This is 
based on studies on the damage to human 
health due to fine dust emission, with an 
average of 54 €/kg [29].

Flood Protection
Hydrologic modelling – to determine surface 
water flow rates under design rainfall 
conditions – and hydraulic modelling – to 
determine the flood water levels – before and 
after the proposed development showed the 
Port Botany Expansion would not have an 
adverse impact on local flood behaviour in the 
catchments surrounding the port or cause an 
increase in flood levels within the Penrhyn 
estuary [45]. Modelling concluded there 
would be very little change in the tidal prism 
of the bay due to the expansion. Tide heights 
in the Penrhyn estuary are – and would 
remain – the same as in the rest of Botany 
Bay. Since these heights are unchanged, the 
tidal penetrations in Springvale and Floodvale 
Drains would also remain the same [1].

The purpose of the subtidal rock walls – 
constructed between the tug berth area and 
the downstream end of the estuary channel 
and as an extension of the boat ramp rock 
revetment – is to dissipate energy arising from 
tug vessel operations, which will reduce 
potential for scour of the estuary channel and 

in lost habitats, predominantly shrubland. The 
monetary value of climate regulation through 
carbon sequestration which is calculated as 
the avoided reduction cost, i.e. the costs for 
emission reduction measures that can be 
avoided in other areas to reach the 
environmental targets such as the worldwide 
maximum 2 degrees Celsius temperature 
increase relative to the pre-industrial level of 
1780. Data is based on a meta-analysis of 
several climate model studies [16]. A 
monetary value of 220 €/ton C or 60 €/ton 
CO2-equivalent was used to calculate the 
economic value of carbon sequestration [17].

Water Quality Regulation
Predicted impacts on the Penrhyn estuary 
include a small increase in siltation, small 
changes in temperature and dissolved oxygen, 
and an increase in nutrients and faecal 
coliforms. Such impacts would place pressures 
on the Penrhyn estuary’s ability to provide 
viable habitat for shorebirds, although the 
direct and indirect impacts on shorebirds and 
their Penrhyn estuary habitats with a 
reduction in tidal flushing and water quality is 
difficult to predict. [1]

As a consequence of the dredging and 
reclamation, the Environmental Impact 
Statement predicted there would be greater 
turbidity at the discharge location and 
dredging in clay areas was expected to lead to 
extended turbidity [27]. Decreasing water 
clarity is particularly critical to protect the 
remaining seagrass from potential damage 
[1]. Turbidity associated with dredging was 

generally lower than predicted. Modelling 
predicted up to 20 mg/L, however monitoring 
indicates less than 5 mg/L outside the silt 
curtain. Total suspended solids (TSS) 
throughout the dredging and reclamation 
period has not exceeded 50 mg/L, and only 
reached a maximum of 23 mg/L on one 
occasion [3].

While some water quality indicators have 
varied from pre-construction averages, overall 
water quality outcomes in the Penrhyn estuary 
are suitable to support the habitats enhanced 
by the Penrhyn estuary Habitat Enhancement 
Plan, with no indication to date of potential 
for the formation of eutrophic conditions. 
Total levels of nitrogen (N) and phosphorous 
(P) did not change post-construction. [28]

Based on the habitat changes, an overall small 
negative effect on water quality regulation is 
estimated for the area (see Table IV). 
Although the newly created habitat 
contributes positively to nutrient removal from 
the water, it does not compensate for the 
forgone nutrient removal in the lost habitats 
and shrubland in particular. For the bay area, 
no effect for N and P burial is included since 
sedimentation rates are considered limited. 
For the monetary value, the shadow price for 
nitrogen and phosphorous removal (€/kg N,  
€/kg P) is used which is the cost for an equal 
removal of nitrogen using (other) technical 
investments. For nitrogen removal, a monetary 
value of 40 €/kg(N) was used, this is the 
average from the range found in literature  
(5 – 74 €/kg(N), [29]. For phosphorous 

Table V. Calculation of the impact on air quality regulation  
(fine dust capture by vegetation).

Habitat Ha Fine dust capture  
(kg/ha/y) [46]

Shore

Lagoon, bay -59 0

Seagrass +6 0

Mangroves -1 44-88

Inner estuary
Intertidal flat +8.3 0

Marsh +2 18-36

Hard substrata Rock rubble +1.9 0

Terrestrial Dune, planted shrubland -11.1 18-36

Total change fine dust capture in kg/y (average values) -312

Monetary value €/y (54 €/kg) -16,848
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protect recreational boat users from tug vessel 
wash [12]. In the long term, the new terminal 
would cause a small reduction in wave energy 
in some parts of the study area and have no 
effects in other parts. Importantly, there 
would be no increase in wave height in areas 
where seagrass would be retained [1].

The loss of mangrove areas is considered to be 
negative for coastal protection (Lee et al. 2014). 
However, in the case of the Botany Bay port 
expansion, this seems of low importance and 
the area is too small to present any significant 
impacts for the protection of the city Sydney.

Sedimentation and Erosion Regulation 
Different habitat types contribute differently 
to sedimentation and erosion regulation, and 
this depends on local conditions such as water 
currents and sediment type. Monitoring 
sedimentation and erosion rates before and 
after the project is necessary to get a good 
idea of the impact. Physical disturbances to 
seagrass patches were not observed. 
Sedimentation was different at each location 
and was generally below 20 mm/y [3] and 
later generally below 25 mm/y [27]. 
Due to a lack of comparable pre-construction 
data, it was not possible to compare this to 
pre-construction conditions. Increased 
deposition was observed in March 2011, 
however this returned to normal levels the 

following month. The increased deposition 
was associated with observed beach erosion 
along Foreshore Beach, and the disturbance 
was likely due to the removal of the seagrass 
silt curtain. A subsequent increase and 
decrease to sediment deposition at the various 
stations over time indicates sand movement in 
the retained seagrass area. However, sand 
deposition has remained low across the 
retained seagrass area.

In the estuary’s intertidal flat and marsh areas, 
there is a trend towards deposition. Due to a 
lack of comparable pre-construction data, it 
was not possible to determine if the observed 
rate of deposition to date is within the normal 
pre-construction range. Sediment deposition 
does not appear to be related to dredging or 
other project related activities. The predicted 
average deposition rate was 20 mm/y, and 
the recorded average sediment deposition 
rate varied between years: 11 mm/y [3] and 
23.7 mm/y [27]. While this exceeds the 20 
mm/y annual deposition limit set in the 
Minister's Conditions of Approval (MCOA), it 
remains below the annual siltation rate of 26 
mm/y predicted by modelling carried out for 
the Environmental Impact Statement. [27].

Overall, sediment deposition in the area will 
be enhanced with the project which is positive 
for nutrient and carbon burial. However, this 

could result in a complete silting up of the 
Penrhyn estuary since the area cannot further 
expand with the presence of the surrounding 
walls and road. For the survival of seagrass, 
deposition rates should not be excessive.

Cultural Services
Opportunities for Recreation
The habitat enhancement plan and recreation 
plan developed alongside the port expansion 
project enhances recreation possibilities in the 
area. Part of the habitat enhancement design 
for Penrhyn estuary habitat is, on the one 
hand, to provide controlled public access and, 
on the other hand, to minimise disturbances 
within the estuary [12]. A number of facilities 
are integrated with the project to benefit the 
local community. A pedestrian and cycle path, 
large car park and amenity buildings should 
improve the access to the area in a controlled 
way. An elevated viewing platform and native 
landscaping near the mouth of the Mill 
Stream are developed to enjoy the enhanced 
natural features of the area – such as 
reinstatement of foreshore dune areas, 
intertidal sand and mudflats, salt marsh and 
seagrass habitats without disturbing the 
nature area. A specially designed bird 
watching platform and seating accessed from 
a boardwalk was developed to enjoy the 
migratory shorebirds for which the 
encompassing Penrhyn estuary is an important 
ecological habitat [1].

Improvements to Foreshore Beach would 
enhance access arrangements and public 
recreation opportunities, especially along the 
foreshore and connections with Sir Joseph 
Banks Park. In the northern part, the 
development of a beach was not considered 
viable as the slope was too steep, therefore, a 
rock wall was constructed to discourage 
swimming in the estuary channel. This offers 
further benefits such as better protection for 
seagrass habitat from disturbance as well as 
discouragement from entering Penrhyn 
estuary outside of the designated access path 
[12]. To improve the land-water connection, a 
new four-lane boat launching ramp was 
developed. With the port expansion, there 
would be a loss of about 1.5 per cent of bay 
waters for recreational fishing [1]. As seagrass 
is an important habitat for the fish 
communities, enhanced seagrass habitat is 
expected to improve the occurrence, 

Figure 3. National parks in the vicinity of Botany Bay. Image courtesy of Google Maps
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The port expansion project is expected to have 
a positive impact on birds –mainly shorebirds 
– but more time is needed to see the full 
impact. There are seven key species of interest 
in this area: the Bartailed Godwit, Red-necked 
Stint, Double-banded Plover, Curlew 
Sandpiper, Red Knot, Pacific Golden Plover, 
and Sharp-tailed Sandpiper. Feeding and 
roosting areas could be disturbed from 
changes such as lighting regime, increased 
movement, noise from construction and 
operation of the port [1]. This might be 

abundance and biomass in the area [14]. An 
enclosed fish cleaning facility is foreseen to 
prevent birds from being attracted to the 
area, an important feature due to its proximity 
to the airport [2].

The loss of mangroves is negative for 
recreation but is expected to be compensated 
for through the newly created areas adding 
opportunities for recreational fishing and 
attracting birds.

The presence of marine mammals could be 
affected by the port expansion. Effects are 
mainly expected for the Southern Right 
Whales which are sensitive to sounds [12], 
possibly reducing opportunities for whale 
watching in the area.

Although several large national parks are 
present around Botany Bay’s southern side, 
the presence of the Foreshore Beach and 
Penrhyn estuary could add an important 
recreational benefit to the inhabitants (see 
Figure 3).

Cultural Heritage
In the context of this research, heritage 
comprises both cultural and natural aspects. 
The Millennium Ecosystem Assessment defines 
cultural heritage as ‘memories’ in the landscape 
from past cultural ties. There are two features 
of notice in the study area which are not 
affected by the project: Government Pier and 
Aboriginal heritage. The significance of the pier 
lies in its association with the Government’s 
first attempt at fostering trade and creating 
port infrastructure within Botany Bay [45]. 
Historic remains of Government Pier are present 
in the study area but will not be disturbed as 
part of the works while no Aboriginal sites or 
artefacts have been found [27].

Biodiversity
Biodiversity is not considered an ecosystem 
service in itself but there is a strong positive 
feedback mechanism between biodiversity 
and service delivery. For example, biodiversity 
will be higher under good water quality 
conditions, and a higher biodiversity may 
increase removal of excessive nutrients as a 
result of niche partitioning within a certain 
habitat. Other services however may have 
negative feedback mechanisms with 
biodiversity. Recreation may result in a decline 

of species richness due to trampling or 
repeated disturbance, but on the other hand, 
recreational attraction may be higher if a 
higher diversity of species is present. Although 
the relationships between biodiversity and 
ecosystem services are complex and service 
dependent, it is believed the creation of 
habitats which are new – such as artificial 
reefs and sand engines – or more natural – 
depoldering – habitat increases both 
biodiversity and service delivery for each of 
the habitat types.

Figure 4. Photographed on 22 July 2006, a Southern Right Whale (Eubalaena australis) seen in Botany Bay (left) and 

an Australian Fur Seal (Arctocephalus pusillus doriferus) spotted off Botany Bay’s Molineaux Point. Photos DEC [12]

Figure 5. Summary of the ES effects of the Botany Bay project. The main benefit for the container sector (in black: 

shipping) is the main project benefit considered in the initial project evaluation. All additional ecosystem services 

effects are indicated in green (if positive) or red (if negative).

Bay -59ha
Fish production
Climate regulation
Water quality regulation
Recreation
Biodiversity

Shrubland -11ha
Climate regulation
Water quality regulation
Air quality regulation
Biodiversity

Mangroves -1ha
Fish production
Nursery function
Water quality regulation
Climate regulation
Air quality regulation
Biodiversity

Seagrass +6ha
Fish production
Nursery function
Water quality regulation
Climate regulation
Biodiversity

Marshes +6ha
Water quality regulation
Climate regulation
Air quality regulation
Biodiversity

Intertidal flats +8ha
Fish production
Nursery function
Water quality regulation
Climate regulation
Biodiversity

Shore +8ha
Recreation
Heritage

ES Total effect

Fish production +
Agricultural production
Wood production
Water production fot potable water
Water provision for transportation +
Climate regulation -
Water quality regulation -
Air quality regulation -
Flood protection
Sedimentation and erosion regulation +/-
Recreation +
Heritage
Cognitive development
Biodiversity +

Container terminal
Shipping
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problematic since the Penrhyn estuary is a 
significant habitat for migratory shorebirds 
listed under international treaties or as 
threatened species under both 
Commonwealth and NSW legislation [12].

A habitat enhancement plan developed along 
with the Port Botany expansion has a central 
aim to improve shorebird feeding and 
roosting habitat as this area – and especially 
Penrhyn estuary – is an important spot for 
migratory shorebirds. Planted shrubland (10.5 
ha) and mangroves (1 ha) are removed and 
converted to intertidal flats (11 ha), saltmarsh 
habitat (5 ha) and seagrass habitat (8 ha) [1]. 
Three islands have been included in the 
estuary design to provide secure roosting sites 
for shorebirds [12].

Benthos is an important feeding source for 
birds therefore benthic assemblages were 
studied in Botany Bay to determine the short- 
and the long-term consequences of dredging 
in marine sedimentary environments [47]. 
Monitoring in the study area revealed a 
positive trend with increasing benthos 
abundance and biomass [3].

A positive link is expected between the 
benthic community and shorebirds, but it is 
too early to test properly. It is expected that at 
least a five year period is needed for the 
benthic community to fully colonise the newly 

created area. Nevertheless, many shorebird 
species have been observed at Penrhyn 
estuary: 16 species after the first monitoring 
period with 11 migratory and five non-
migratory shorebird species [3] and a total of 
22 species after the second monitoring period 
with 16 migratory and 6 non-migratory 
species [27]. Bar-tailed Godwits, Black-winged 
Stilts, Masked Lapwing, Pacific Golden Plover 
and Red-capped Plovers have been the most 
numerous, with other shorebird species being 
observed occasionally or rarely. 

Between 2009 and 2011, a reduction in the 
number of migratory birds has been observed 
[27]. For the resident shorebirds, there has 
been a shift in the species of birds observed in 
the estuary with a reduction in black winged 
stilts, but an increase in red capped plovers 
and masked lapwings. It is difficult to make 
conclusions as to what has caused this shift in 
resident species and reduction in migratory 
species – it is likely from a combination of 
factors that may not be directly attributable to 
construction activities. Further monitoring is 
required to see the real impact of both the 
port expansion and the habitat enhancement 
plan.

The impact for marine mammals is also 
considered (see Figure 4) since Botany Bay 
and its surrounding waters are visited by the 
Southern Right Whale (Eubalaena australis) 

Table VI. Summary of the impact of the port expansion project in Botany Bay on ES.

ES Overall effect Summary main effects

Food production: fi sh + increase nursery area

Wood production
not relevant since the area is too small to be benefi cial for potential harvesting of 
timber and fi re wood from mangroves

Water provision for transportation ++ Project target: Increased possibilities to use this service (economic benefi t)

Climate regulation -
Positive effect of newly created habitat is smaller than the negative effect of the lost 
habitat

Water quality regulation -
Positive effect of newly created habitat is smaller than the negative effect of the lost 
habitat

Air quality regulation - Due to a loss of above ground vegetation

Flood protection not relevant, small area

Sedimentation and erosion regulation +/- sediment deposition: positive and negative for other functions

Recreation + enhanced with the recreation plan

Heritage no impact; remains are integrated in the design

Biodiversity: shorebirds, marine 
mammals

+
positive impact on shorebirds was expected, but more time is needed to see the full 
impact

Figure 6. To help dredging industry professionals, 

especially those who are in the position to further the 

ecosystem services concept within their own 

organisations as well as project stakeholders gain an 

understanding of the value of the ecosystem services 

approach, the IADC commissioned a study which was 

carried out by the Ecosystem Management Research 

Group (ECOBE) of the University of Antwerp. Download 

the free report Ecosystem services: towards integrated 

marine infrastructure project assessment at 

https://www.iadc-dredging.com/ul/cms/fck-uploaded/

documents/report-ecosystem-services-low-res.pdf
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CONCLUSIONS

An ES assessment can help in the 

implementation of sustainable port 

development projects. It provides a 

framework to evaluate the societal 

benefits and negative impacts of existing 

and planned projects. Furthermore it can 

be used to evaluate and compare 

different alternatives of project’s design 

as well as location to inform decisions 

based on project targets (Prosperity and 

People) but also on a broad range of 

societal benefits (Plants and People). This 

enables a better comparison between 

project alternatives, taking into account 

subtle differences to the environment. It 

will also depict the alternatives which 

properly contribute to the environment 

and not just compensate negative 

effects. 

By targeting a variety of ecosystem 

services from the conceptualisation 

phase of a project and optimising its 

design for additional benefits, 

innovation efforts shift away from 

‘avoiding damage’ to ‘creating 

opportunities’. Taking ecosystem 

services into account from the design 

phase of a project allows a 

comprehensive and more objective 

evaluation of the potential benefits and 

impacts of port development projects 

covering Prosperity, People and the 

Planet. It can add value to a project 

which might otherwise be missed out 

on while creating awareness and 

receiving support from different 

stakeholders.
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ABSTRACT

In a world with growing population, 
urbanisation, mechanisation and thus increased 
energy demands in the future, in combination 
with the influence of fossil energy resources on 
global warming, the 21st century has already 
brought – and will continue to bring – many 
different challenges. The European Maritime 
Industry (ICS, International Chamber of 
Shipping) announced recently the goal of CO2 
reduction of 50 per cent in 2050 is achievable. 
According to the COP21 (United Nations 
Climate Change Conference) Paris Agreement, 
the whole world must be fossil-fuel free by 
2080 in order to limit global warming to +2°C.

The awareness of the need for efficient use of 
any kind of energy source in combination with 
further developments and research of 
renewable energy and energy sources has also 
reached the maritime industry. OEM type 
companies innovate not only in fuel efficiency 
and product development in their own field of 
industry, they also work together with other 
innovative companies and look after synergy 
effects by combining innovative applications 
and solutions in a creative way.

With all current and new innovations in the 
pipeline, the questions arises: ‘Can we become 
100 per cent green in the maritime industry?’ 

In Europe, the project Joint Operations for 
Ultra Low Emission Shipping (JOULES) was 
initiated and involved many maritime industry 
partners. Royal IHC and dredge cycles, 
simulation models and assessment tools were 
developed and plotted against the 
development of fossil and non-fossil energy 
sources now and in the future. The results are 
very promising.

This paper describes the work executed and 
conclusions drawn from the JOULES study. The 
conclusions show a statement for the 
possibilities and impossibilities in the coming 
decades and in year 2050. 

This article was first published in the 
Proceedings of the Dredging Summit & Expo 
’17, Vancouver, Canada, in June 2017 and is 
reprinted here in an adapted version with 
permission.

INTRODUCTION

Global Trends
The developments of the 21st century in terms 
of population growth and energy demand at a 
global scale require a transition to renewable 
resources and high efficiency systems in order 
to fulfil human needs in a sustainable manner. 
In recent years, the trends observed in air and 
road transport emission legislation are now 
reaching the maritime sector as well. 

Further, the measures announced in the 
COP21 Paris Agreement mean that all energy 
users need to decrease energy consumption, 
capture emissions and initiate the transition to 
renewable fuels. By 2080, this transition should 
be complete in order to stabilise average world 
temperatures at +2° C. The Paris Agreement 
emission path shown in Figure 1 [1] shows two 
possible paths for CO2 emissions up to 2100 
and their consequence on the rise of Earth’s 
average temperature compared to the pre-
industrial era. The lowest path is the one 
proposed in COP21 which shows the need to 
decrease CO2 emissions and even capture CO2 
after 2080 in order to stabilise climate change 
around the +2° C limit. While the discussion 
on climate change is still ongoing with often 
much controversy, there is consensus that at 
some moment in the near future, fossil fuels 
will not be sufficient to supply global energy 
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Above: An artist’s impression of the TSHD concept

developed for the EU Research Project JOULES: an

autonomous, hybrid-electric and fuel cell-driven

dredging vessel.
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needs. All energy research institutes predict a 
mix of energy sources will be required to 
supply global needs by 2050 and much effort 
is being made to develop renewable energy 
alternatives that do not compete with food 
supply since food and water supply will be 
among other major challenges of the coming 
decades. 

The ongoing climate change discussion is only 
focusing on climate change. According to 
Rocktröm [2], eight planetary systems are 
essential for maintaining life on Earth. 
Rocktröm published an article where the safe 
limits of the exploitation of these systems are 
proposed. Figure 2 shows these systems and 
the estimated status compared to the safe 
limits denoted by the inner black circle. The 
diagram shows humans have already exceeded 
or are reaching these proposed limits in most 
of the planetary systems, and biodiversity loss 
and nitrogen cycle are in fact at a further 
unbalance state than climate change, 
according to the authors. In the face of 
population growth and welfare increase at a 
world level, one realises the formidable 
challenges ahead of humanity in the 21st 
century.

DEVELOPMENTS IN THE MARITIME 
INDUSTRY
Efforts on Emissions and Efficiency
In line with the global trends presented above, 
International Maritime Organization (IMO) is 
introducing energy and emissions regulations 
which have become progressively stringent. 
While the emissions of NOx and SOx are 
regulated and progressively coming into force, 
CO2 emissions are recently regulated in the 
form of the Energy Efficiency Design Index 
(EEDI) and the Ship Energy Efficiency 
Management Plan (SEEMP). Steps of 10 to 30 
per cent increased energy efficiency are 
expected for all types of commercial vessels in 
the coming decades. These steps are not easily 
achieved and recent IMO technical documents 
were published advising on the minimum 
installed power required to safeguard safety of 
the newly designed vessels. 

Another aspect which is challenging for vessels 
is harbour emission regulations and regulations 
for the so-called ‘Special Areas’ where the 
emission regulation of certain contaminants is 
even stricter. Many harbours established very 
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Figure 1. CO2 emission paths up to 2100 [1].

Figure 2. Beyond the boundaries: current status of nine planetary systems according to Rockström [2]. We have 

already overstepped three of nine planetary boundaries and are at grave risk of transgressing several others. 

Image © NewScientist

Terra et Aqua_149.indd   19 15-12-17   11:02



stringent regulations which in practice require 
often changes of fuel during harbour 
approaching and docking. Cold ironing has 
been suggested as a solution for harbours, but 

existing cold ironing infrastructure is not 
sufficient and the associated costs – roughly 
twice the cost of on-board power production – 
are not attractive. In the maritime sector as 
well, clean competitive solutions are needed 
for the existing typical maritime fuels. Natural 
gas, methanol and hydrogen, batteries and 
synthetic diesel are a few examples of 
alternative fuels that have lower emissions and 
can be produced using renewable resources. 
Figures 3, 4 and 5 show some examples of 
vessels exploring the use of those alternative 
fuels. These developments are started at a 
limited scale and after success, are scaled up to 
the maritime sector. Figure 6 shows a 
commercially available Solid Oxide Fuel Cell 
(SOFC) which can use a variety of fuels to 
produce electricity and has very low emissions 
due to the combustion-free chemical process 
taking place inside the fuel cell. These 
technologies will be more frequently 
considered and applied in the maritime sector 
after upscaling. 

Dredging vessels are exempt from the IMO 
EEDI regulations for the time being, together 
with another few vessel types, but subject to 
the NOx and SOx regulation. Upon publication 
of the EEDI regulation draft, the European 
Dredging Association (EuDA) concluded the 
definitions used could not apply to work 
vessels and a differentiated method was 
needed. EuDA established a work group called 
Task Group Emission Figures (TGEF) in order to 
investigate how a CO2 index would apply to 
dredging vessels. This group collected publicly 
available data and established a CO2 index 
calculation method which would be acceptable 
for the dredging industry. The main 
conclusions were published in the EuDA 
position paper [3] which stated dredging 
vessels are quite particular as they do not only 
transport goods but they also perform 
specifically needed tasks which were not 
included in the standard EEDI definition. 
Further, the project specifics – soil type, depth 
and sailing distances – dictate the final CO2 
emissions, so even within the dredging market 
there is no ‘one size fits all solution’, and 
supporting the establishment of a GHG fund 
for the maritime sector as a monetary 
stimulant for efficiency. 

In order to prepare for the anticipated 
changes, Royal IHC as well as maritime 

suppliers worldwide have been developing 
technologies to reduce the fuel consumption 
of its vessels, as fuel saving is translated into 
cost savings for dredging operators. A few 
examples of these efforts have been going on 
for more than 20 years now, including the hull 
design with the typical IHC bulb which reduces 
fuel consumption by roughly 20 per cent (see 
Figure 3) and developments such as the high 
efficiency pump series to increase efficiency 
from 70 to above 80 per cent in the Best 
Efficiency Point (BEP). 

Another significant development is the design 
and launch of the first dredging vessels 
working on LNG (see Figure 7), the 3,500 cubic 
metre Trailing Suction Hopper Dredger (TSHD) 
Minerva and the 7,950 cubic metre TSHD 
Scheldt River are both built for the DEME 
group (see Figure 8). After these two vessels, 
another two larger TSHDs are now being 
engineered and will be built in the coming 
years, with respectively 8,000 cubic metres and 
15,000 cubic metres. In fact, Royal IHC has 
performed even small trials with fuel cells as 
auxiliary power supply to investigate the 
practical integration aspects of novel fuels (see 
Figure 9).

20  Terra et Aqua | Number 149 | December 2017

Figure 8. The Minerva is the first TSHD sailing on LNG in 

the world.

200 m3 C-type LNG tankFigure 3. The Stena Germanica was converted to 

Methanol under Lloyds Register classification in 2015.

Figure 4.  The Viking Prince is one of many existing 

LNG-powered PSV vessels.

Figure 6. The Power Cube from Redox Power is a SOFC 

fuel cell being used as a UPS system.

Figure 5. The hydrogen-powered catamaran built

by Cheeta Marine.

Figure 7. Royal IHC's hull and bulb design which reduces 

wave and fuel consumption. 
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Other emissions being addressed by Royal IHC 
include the release of fines to the water during 
dredging – called turbidity – and the 
underwater sound (see Figure 10). A novel type 
of overflow design – the airless overflow – 
combined with careful positioning of the 
overflow installation on the ship can reduce 
turbidity significantly. IHC has also performed 
studies and measurements on underwater 

sound in order to investigate the principal 
sources and frequency ranges. Underwater 
sound is very important in offshore works such 
as dredging and pile driving and IHC developed 
a low underwater sound level installation that 
proved to be very effective (see Figure 11). A 
recent publication [4] indicates the growing 
concern regarding the acoustical effects of 
dredging works and makes a good overview of 
studies and methods to apply.
 
The developments described above show that 
at a global level, the maritime industry and its 
equipment suppliers are making significant 
efforts to improve the efficiency and 
environmental performance of vessels. 
However, despite the significant efforts which 
are ongoing, the requirements for zero CO2 
emissions by 2080 – as established at the Paris 
Agreement – are still far out of reach by 
current measures. A more radical design of the 
power supply systems is needed as well as the 
substitution of fossil fuels by alternative 
renewable fuels. In order to address this 
challenge, IHC participated in a large European 
Union (EU) project to research the possibilities 
of achieving very low emission concepts and a 
selection was then developed and simulated. 
The concepts described in the next session 
represents the effort being undertaken in the 
EU-funded Joint Operation for Ultra-Low 
Emission Ships (JOULES) project. 

THE DREDGING VESSEL OF 2050
The JOULES Project
Initiated in 2013, the JOULES project concluded 
in May 2017. A large number of partners from 

the industry and knowledge institutes joined 
efforts to develop advanced ship concepts and 
methods to access the efficiency and 
environmental performance of those concepts. 
Goals for CO2 emission reduction were defined 
for all ship types included in the project. 
Simulation models of the various driveline 
components were developed in a platform that 
allowed common use by most existing 
simulation software. The models were 
developed by the Equipment Suppliers in the 
project. These models could be coupled easily 
in order to simulate a driveline and estimate 
the fuel consumption and emissions. The 
involved universities had the specific task of 
quality control of the models supplied.

Further, an environmental-economic 
assessment tool has been developed to access 
the environmental performance of the vessel 
concepts and provide a rough estimation of 
the economic aspects involved: costs, revenues 
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Figure 9. Test with a PEM fuel cell as auxiliary power – 

which uses hydrogen – during sea trail of a Beaver 40.

Figure 10. Overflow in a typical dredging vessel shows the turbulent flow with air inclusion.

Figure 11. The ‘IHC Hydrohammer’ is a pile driving 

installation with reduced noise levels to allow for pile 

driving even in the more sensitive areas. 
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dredging under sea conditions. A baseline was 
established, choosing a vessel driveline that 
was state-of-the-art for diesel-direct driveline 
types at the time of the project initiation. Two 
concepts were then developed: one for 2025 
(near future), and one for 2050 (far future) 
that would represent the most advanced 
practicable technologies and design that can 
be currently foreseen. The CO2 emission goals 
established for 2025 and 2050 were 
respectively 20 and 40 per cent. 

BASELINE
The baseline was a mid-size TSHD with diesel-
direct propulsion. The specific driveline design 
of the baseline is already quite optimal as this 
vessel uses three main engines that can be 
switched on and off, allowing different 
configurations for sailing, dredging and 
discharge. See Table I for the main particulars 
of the baseline vessel. 

and Net Present Value (NPV). This tool, called 
Life Cycle Performance Assessment (LCPA) tool, 
included the most significant impacts caused 
by ship emissions to air, according to standard 
Life Cycle Assessment (LCA) methodology. 
Furthermore, a database of alternative fuels 
has been built, including the energy required 
to produce the fuels, their emissions due to 
utilisation and the expected fuel costs in the 
future, in a range from low to high as the 
uncertainty increases when one looks further 
into the future. This allowed for the 
exploration of the combination driveline-fuel 
that might be feasible in 2050 for certain 
vessel types. 

CASE DESCRIPTION: DREDGER
Royal IHC used a TSHD as a case study, as it is 
a particularly difficult vessel type to achieve 
high CO2 reductions due to the high installed 
power and intense load peaks characteristic to 
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Table I. Baseline Vessel

Length (Loa) 96.50 m 

Length (Lpp) 84.95 m 

Breadth 21.60 m 

Depth 7.60

Gross Tonnage 5100 GT 

Design speed 12.3 knots 

Suction pipe diameter 1000 mm 

Hopper capacity 5600 m3 

Machine type/-concept Diesel direct 

Total installed power 7,926 MW 

Maximum power on 
dredge pumps 4,05 MW 

Rated generator power 1,633 MW 

Maximum power on 
propeller 4.05 MW 

Propeller type CPP 

Bow thruster power 0.45 MW 

Deadweight 8106 ton 

Cabins No. 15 

Decks No. 3 

Special Equipment

Dredge pumps, 
jet pumps, 

heavy winches, 
gantries 

Figure 12. Layout of the driveline of the baseline TSHD. Figure 13. Layout of the driveline of the 2025 concept.

Figure 14. Dynamic simulation showing the peak shaving effect of the flywheel system: light blue: baseline engine 

load; black: engine load with hybrid system composed of 3 x 100 kW flywheels; dark blue: flywheel load.
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•  Free sailing empty 
(including manoeuvring empty) 30% 

• Dredging  25% 
•  Free sailing full 

(including manoeuvring full) 30% 
 •  Discharging (mix of shore 

pumping, dumping and rainbow)  15% 

Discharging can be done in three methods: via 
a shore connection (most common), 
rainbowing (when necessary) and dumping 
(when possible). However since the shore 
pumping method is most common, this main 
discharge method is used in the JOULES 
project. 

The operational profile and engine loads can 
vary with specific project conditions such as 
distance between dredging and discharge 
locations, resulting in a relatively larger amount 
of time for sailing. For the same operational 
profile, power demand can also vary strongly 
with soil characteristics and weather 
conditions. 

In the JOULES project, several operational 
profiles based on real measured dredging 
cycles are used for the simulation and 
evaluation of the baseline as well as 2025 and 
2050 drive systems when using energy storage. 
For the first simulations, the loads shown in 
Table II were assumed, according to a standard 
CO2 index calculation method proposed by 
EuDA. 

technology. The fuel cell’s main power supply 
added energy storage to accommodate load 
peaks. When using a fuel cell, a hybrid 
driveline is essential as the fuel cell must be 
protected from load peaks. Further, a hub-less 
propeller is used (see Figure 16), that has an 
estimated 20 per cent higher efficiency than 
conventional propellers and the vessel is 
unmanned, reducing the air resistance and the 
need for advanced human-related life support 
and safety infrastructure on-board. These 
design choices lead to a vessel with an installed 
power of 40 per cent lower than the baseline 
vessel. This reduction can go further when a 
fuel cell is coupled with a so-called bottom 
cycle such as a gas turbine, gas engine and 
steam cycle. In this configuration, theoretical 
models show a total efficiency of 70 to 80 per 
cent is achievable, however, this complex 
power supply could not be modelled so a 
simpler fuel cell model with 50 per cent 
efficiency was used. Figure 12 shows the 
driveline layout while Figure 13 and Figure 14 
show 3D impressions of the 2025 and 2050 
concepts respectively. Unmanned, the concept 
reduces the on-board systems to the minimum 
for the functional purposes of a TSHD. 

OPERATIONAL PROFILE
The operational profile was modelled in the 
simulations with its specific duration and 
energy requirements. The TSHD has four main 
operating modes based on the average time 
spent on specific dredge cycle task: 

2025 CONCEPT
The 2025 concept was meant to use currently 
available technologies and combine those in a 
way to achieve the CO2 reduction goals 
established in the project for 2025. The 
driveline was based on an hybrid dual-fuel 
power supply, a gas engine with diesel as pilot 
fuel allowing for two operation modes. Gas 
mode uses methane and diesel as pilot fuel 
and diesel mode uses only diesel, introducing 
energy storage and an electrical DC grid for 
power distribution to all users. The energy 
storage device chosen was a flywheel. Earlier 
studies showed that a flywheel is well-suited 
for the shape and duration of the load peaks 
characteristic of dredging. Additionally, this is 
the energy storage device which currently 
allows the lower investment costs per installed 
power. In Figure 14, the results of the dynamic 
simulations with a flywheel system are shown. 
Due to the peak shaving effect, the installed 
power on the engines can be 20 per cent 
lower compared to the baseline, for the same 
dredging and sailing performance, one can go 
as far as 30 per cent, but a large number of 
flywheels is required, what is not practical. 
Combined with the use of a cleaner fossil fuel, 
important fuel savings and emission reduction 
are achieved. 

2050 CONCEPT
This concept was defined based on the most 
advanced power supply technology expected 
to be in place by 2050: the fuel cell 

Figure 15. Layout of the driveline of the 2050 concept. 

Figure 16. A 3D impression of the 2050 concept shows the unmanned vessel with fuel cell drive 

and hub-less propellers. 
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SIMULATION RESULTS
The installed power of major components used 
in the simulations is shown in Table III and the 
results from the models in Table IV. Though 
the 2025 system was 20 per cent smaller in 
installed power, a maximum 22 per cent CO2 
emission reduction is achieved. SOx and NOx 
emissions are also reduced and PM emissions 
are expected to be reduced in practice due to 
the use of gas as fuel in 2025. However, a 

Table III. Overview of the installed power of components in the driveline models.

Baseline 2025 2050 

Component Power (kW) Component Power (kW) Component Power (kW) 

Diesel engines 6075 DF Engine 5000 Fuel Cell 5000 

Flywheel - Flywheel 300 Flywheel 1000 

WHR - WHR - WHR 2000 

Table IV. Comparison of the performance of the baseline and the concepts: total 
emission and relative.
Emissions 
(kg/h) Baseline 2025 2050 

CO2 
SOx 
NOx 
PM 

326 
59 
34 

0.17 

253 
0.24

6 
0.31 

0
0
0
0 

 ** Calculation error

Emissions 
(%) Baseline 2025 2050 

CO2 
SOx 
NOx 
PM 

100% 
100% 
100% 
100% 

78% 
0.4% 
18% 

181%** 

0% 
0% 
0% 
0% 

Figure 17. A 3D impression of the driveline components 

of the 2050 concept in the hull. 

Table II. Operational profile of the dredging vessel and required power.
Input baseline (from measurements) 

Time
Speed 
(knots) 

Propulsion 
power 
 (kW)

Dredge 
pump power 

 (kW)

 Jet pump 
power 
 (kW)

Total power 
(kW)

Sailing empty 
Sailing loaded 
Dredging 
Discharge 

30% 
30% 
25% 
15% 

13 
12.5 

3
0 

3800 
3800 
3100 
850 

0
0 

2200 
1800 

0
0 

650 
650 

3800 
3800 
5950 
3300 

Input 2025 concept 

Time
Speed 
(knots) 

Propulsion 
power 
 (kW)

Dredge 
pump power 

 (kW)

 Jet pump 
power 
 (kW)

Total power 
(kW)

Sailing empty 
Sailing loaded 
Dredging 
Discharge 

30% 
30% 
25% 
15% 

13 
12.5 

3
0 

3040 
3040 
2840 
640 

0
0 

1760 
1440 

0
0 

520 
520 

3040 
3040 
4760 
2640 

Input 2050 concept 

Time
Speed 
(knots) 

Propulsion 
power 
 (kW)

Dredge 
pump power 

 (kW)

 Jet pump 
power 
 (kW)

Total power 
(kW)

Sailing empty 
Sailing loaded 
Dredging 
Discharge 

30% 
30% 
25% 
15% 

13 
12.5 

3
0 

2280 
2280 
1860 
510 

0
0 

1320 
1080 

0
0 

390 
390 

2280 
2280 
3570 
1980 

Figure 18. Spider web diagram of the KPI results for the 

three concepts excluding external costs (top) and 

including external costs (bottom).
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small problem in the simulation model led to 
an increase in the modelled values. In the 2050 
concept, a CO2 reduction of 100 per cent is 
achieved due to the use of hydrogen as a fuel 
(see Figure 17). 

ENVIRONMENTAL ASSESSMENT 
Key Performance Indicators (KPIs) show how a 
concept performs relative to the baseline. In 
the LCPA tool, six KPIs have been defined to 

evaluate the performance, of which five are 
dedicated to the environmental performance 
and one to the financial performance: 
• Aerosol Formation Potential (AFP)
• Acidification Potential (AP)
• Global Warming Potential (GWP)
• Cumulative Energy Demand (CED)
• Eutrophication Potential (EP)
• Net Present Value (NPV)

These indicators are commonly used for 
environmental assessment. The tool KPI 
calculation methodology report is available in 
the project website (http://www.joules-project.
eu/Joules/results). The tables and figures show 
the environmental assessment results. 
According to these results, the concepts 2025 
and 2050 have a far superior environmental 
performance and a spider web diagram (see 
Figure 18) visualises the reduced area. 

According to this tool, the CO2-eq GWP 
reduction was 25 per cent for the 2025 
concept and 75 per cent for the 2050 concept. 
In fact, Figures 18 and 19 show that according 
to the LCPA tool, most of the GWP emissions 
originate in the vessel production, due to the 
production of the materials needed for the 
vessel. The simple data set is based on current 
energy and emissions for materials production, 
without consideration of possible renewable 
energy use for materials production. Also in 
the other KPIs, both concepts perform much 
better. The driveline concepts surpass the goals 
defined in the project, achieving nearly zero 
emissions, to show good environmental 
performance will be technically feasible in the 
future (see Figure 20). 

ECONOMIC ASSESSMENT
Net Present Value and the Effect of 
External Costs 
The economic assessment is based on the 
investment costs, end-of-life costs, and 
operational costs and revenues, which in the 
model are respectively the fuel costs and the 
dredging revenues. The fuel price projection 
has been taken from the JOULES fuel table 
which has been defined and documented as 
part of internal document D21.1.

For the revenues, an estimation of yearly based 
revenue was made, based on the typical 
payback time of this type of vessel, about 2 to 
3 years. A discount rate of 10 per cent was 
used in the NPV calculation. 

The economic assessment was made in two 
ways. First, excluding external costs and 
second, including external costs. External costs 
are costs related to several emissions and are 
not carried by the vessel owner but by Society. 
For example, CO2 costs are costs induced by 
climate change due to the CO2 emission and 
NOx costs are costs induced in the local 

Figure 20. GWP contribution by the lifecycle components: fuel production (well to tank), vessel production 

(Production) and operational phase (Operation).

Table V. KPI values for the baseline and concepts: absolute and relative scores.
KPI Baseline 2025 Design 2025 Design

Value Value Relative (%) Value Relative (%)

AFP (t) 19.8 2.1 -89% 0 -100% 

AP (t) 24.3 1.7 -93% 0 -100% 

GWP (t) 974.7 727.0 -25% 246.2 -75% 

CED (GW *h) 2.8 2.4 -12% 0 -100% 

NPV (kEUR) -144.5 -42.2 -71% 14.2 -110% 

EP (t) 1.4 309.0 -78% 0 -100% 
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communities related to the loss of life or 
productive years spent with respiratory diseases 
of communities living in coastal areas. These 
costs are being implemented in the policies 
step by step, so it is expected they are in place 
by 2050 (EC 2014). The values used were the 
average values in the LCPA tool as in some 
cases, the width band of the external costs is 
very wide. These costs are summed up in the 
KPI NPV. Table VI shows the inventory of costs 
in the LCPA model, discounted. Cost levels of 
the three design alternatives are presented, 
and included also the external costs. The 
external costs implemented in the LCPA tool 
were calculated according to EC guidelines for 
external costs for the transport sector (EC 
2014). 

As Table IV and Figure 18 show, the external 
costs are very significant for the dredger case. 
When the external costs are included, the 
values shift considerably within the KPI. Figure 
21 shows the NPV development in time and 
Figure 22 shows the costs per cost component. 
The external costs have the same order of 
magnitude of the direct costs, so they are 
expected to become a significant part of the 

Table VI. Inventory of discounted costs for all concepts.

Costs Type (Euro) Baseline 2025 scenario 2050 scenario 

Internal costs 

Investment costs  
(Discounted) -180.000.000 -198.000.000 -198.000.000 

Operation costs  
(Discounted) 0 0 0 

Operating Revenues 
(Discounted) 226.500.000 226.500.000 226.500.000 

Operating Urea costs 
(Discounted) 0 0 0 

Operating Fuel Costs 
(Discounted) -96.400.000 -63.800.000 4.000.000 

End-of-Life Costs  
(Discounted) -95.000 -95.000 -95.000 

End-of-Life Revenues 
(Discounted) 0 0 0 

External costs 

External costs CO2 
(Discounted) -63.200.000 -38.500.000 1.100.000 

External costs NOx 
(Discounted) -49.600.000 -10.400.000 1.000 

External costs PM10 
(Discounted) -35.200.000 -57.000 0 

External costs SOx 
(Discounted) -90.400.000 -45.000 0 

Figure 21. NPV scenario: NPV development during the lifecycle considering external costs.

Figure 22. Total costs for the three concepts, including the external costs.
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economic assessment once these are 
implemented and might compensate for higher 
fuel costs. Figure 21 shows the NPV 
development of the three cases over time, 
including the effect of external costs. In this 
scenario, it is visible that the concepts 2025 
and 2050 have a better NPV development over 
the years, quickly overcoming the baseline.

CONCLUSIONS

This article shows the challenges for the 

maritime industry and the efforts this 

industry as well as Royal IHC has been 

undertaking to prepare for these 

changes. 

Within a EU-funded R&R project, a 

number of alternative concepts for TSHD 

drivelines has been defined to address 

the emission goals of the future. The 

concepts have been evaluated and the 

results show that very green vessels are 

technically feasible in the future. The 

technologies used exist now at small 

scale and are upscaling to achieve the 

high installed power needed in the 

maritime sector. The concepts largely 

exceed the project GWP reduction goals, 

achieving at least 75 per cent reduction 

for the 2050 concept. 

The use of renewable fuels and fuel cell 

technology (combined with energy 

storage and power management) shows 

large advantages in terms of emissions, 

and it is therefore a powerful way to 

address the sustainability issues of the 

maritime sector in the future, when 

combined with an efficient driveline 

design. These advanced drivelines are 

complex and often the design efforts 

met the applicability boundaries of 

simple modelling tools, leading to the 

need for more complex modelling and 

design which includes the dynamic 

aspects of load profiles. 

The investment costs are still high for 

these novel technologies and fuels, and 

fuel cost developments are uncertain. 

This introduces high risks for these types 

of innovation. These developments 

should be stimulated by policy making 

and industrial cooperation. External costs 

are being discussed and are expected to 

be implemented in the future, an 

example is the GHG fund discussed at 

IMO. The effect of external costs is 

significant for the dredger case in the 

near future, and will influence the power 

supply and fuel choices. 

The development of the related policies 

must be followed closely and these costs 

should be included in the design tools in 

order to prepare for these future 

aspects. 

Dredging vessel concepts that are nearly 

100 per cent green GWP according to 

the Paris Agreement and have very low 

emissions of other harmful components 

will be technically feasible in the future. 

In order to achieve these levels of 

environmental performance, 

technological developments must be 

coordinated with political efforts to 

guarantee economic viability of the 

maritime sector. 
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with the award’s mission of increasing safety 
in the dredging industry.

On a regular basis, dredge pipes are delivered 
by truck to project sites all around the world. 
First, on a storage yard, four pipes – weighing 
at least four tonnes each – are individually 
lifted with a crane, placed and stacked onto a 
flatbed truck, and secured with straps. Each 
operation can result in at least a 16-tonne 
load which reaches almost four metres in 
height. For a single project, this operation can 
be repeated one hundred times. One-by-one, 
these heavy loads then hit the road to deliver 
their cargo to their intended destination 
which can be as far as a few thousand 
kilometres away from their starting point.

The team’s rationale for optimising the 
process was a proactive choice to reduce risk 
in everyday operations. JDN’s core business is 
dredging and the most important element in 
a project is the vessel. Therefore, the handling 
and transportation of pipelines is considered 
to be a sideline activity and is not the most 
risky of operations performed. 

Maarten Tronckoe portrays it as common 
practice: ‘We’ve done it all day long and for 
dozens of years. Therefore it came as a 
surprise that improvement could have been 
gained in this kind of operation.’

ABSTRACT

Transport of Pipeline Optimisation was 
announced as the winner of the IADC’s Safety 
Award 2017. The aim of the IADC Safety 
Award is to further the development of safety 
skills in the workplace and reward those who 
clearly show that they are concerned with 
safety. Formulated and submitted by Maarten 
Tronckoe, Simon Van den Berghe and Pieter 
Verpoest of Jan De Nul Group, the solution 
improves each facet of the process involved in 
the transportation and handling of pipelines.

On both reclamation sites and logistics yards, 
dredge pipes with and without flanges are 
being lifted by crane and transported with 
trucks. In regards to securing these heavy 
loads to flatbeds, the conventional method 
does not explicitly address the task which 
involves workers hand-placing wooden beams 
beneath pipes. The award-winning safety 
solution begins with the use of specially-
designed cradles (Dhatec) which are secured 
to a trailer’s flatbed to facilitate stacking. 
Manual adjustment to the wooden beams is 
no longer required, keeping workers away 
from heavy loads during their placement.

As for the pipe-lifting process, the precursory 
pipe hook has been replaced with a C-shaped 
alternative. Conventional metal lifting chains 

were subsequently exchanged for lightweight 
soft slings. A spreader beam is placed 
between the soft slings to further minimise 
the overall weight handled by riggers. 
Attached to the hooks, guidelines are then 
held by riggers on the ground, letting them 
easily manoeuvre the pipes while loading and 
unloading the trucks from a safe distance. The 
optimised process presents an ergonomic 
benefit for workers.

INTRODUCTION

Transport of Pipeline Optimisation was 
announced as the winner of the Safety Award 
2017. Formulated and submitted by Maarten 
Tronckoe, Simon Van den Berghe and Pieter 
Verpoest of Jan De Nul Group, the solution 
improves each facet of the process involved in 
the transportation of pipelines. By proactively 
eliminating risk to workers engaged in the 
transportation process, the solution is aligned 

TRANSPORT OF PIPELINE OPTIMISATION

M. TRONCKOE, S. VAN DEN BERGHE AND P. VERPOEST
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Above: Whether floating on water or sitting on land, 

discharge pipelines – whether one or many – may 

traverse a work site for kilometres. Comprised of 12–

metre-long sections bolted together, the pipelines are 

shipped by land or even sea depending on where the 

project is situated. Photo Jan De Nul Group.

Terra et Aqua_149.indd   28 15-12-17   11:02



Transport of Pipeline Optimisation  29

The team’s upgrades to the lifting, stacking 
and securing of pipes ensures accountability 
that the logistics task is executed safely, a 
benefit to both employees and the public. In 
addition to increasing safety in regards to 
shipyard storage, crane lifting and flatbed 
truck securing practices, the solution heavily 
considers the ergonomics of the process for 
workers partaking in the process which takes 
place around the clock, all day long.

PERCEIVED PROBLEMS WITH THE 
CONVENTIONAL WAY
Prior to Tronckoe, Van Den Berghe and 
Verpoest’s innovation, the long-standing 
process for the transport of pipelines involved 
the use of metal chains which were 
susceptible to tangling, pipe hooks which 
needed to be manually positioned in and 
sometimes hammered out of the bolt holes in 
a pipe’s flanges, and wooden beams which 
needed to be placed by hand beneath a pipe 
before the pipe could be finally lowered into 
position and released. To stack a second layer 
of pipes, workers needed to climb onto the 

first layer of pipes to again place wooden 
beams. To put it simply, Maarten Tronckoe 
states: ‘It just felt unsafe’.

And before ultimately setting the vehicle into 
motion, drivers would double check their 
loads, taking extra time – as necessary – to 
secure the vehicle’s cargo rather than leaving 
in a rush to arrive on time to a destination. ‘If 
just one six-tonne pipe is not secure, it will be 
a big accident,’ says Tronckoe. 

In addition to his own concerns, he explains: 
‘In Europe, securing heavy loads on trucks in a 
safe manner is a top priority. Our trucks are 
frequently inspected because there is a lot of 
weight on the truck, it is an eye catcher.’ So 
when a truck would be randomly stopped for 
an inspection, drivers must prove the load is 
secure from top to bottom. But how safe is a 
wedge nailed it to the floor of the truck? And 
how much force can a wooden wedge with a 
nail driven through it actually take? The rules 
and regulations for securing trucks are made 
for standard pieces of cargo such as wooden 

packages and pallets. Without a legislative 
manual specifying how to ship multiple pipes, 
the team decided it could no longer settle for 
the degree of variability and began its search 
for solution with a clear explanation.

OPTIMISING WAS OPTIONAL
Although JDN had no recorded incidents or 
legislation violations as a result of its 
conventional pipeline transportation practices, 
the team chose to proactively eliminate the 
potential risks to safety. In particular, the 
manual placement of wooden beams and 
wedges beneath six-tonne pipes and climbing 
atop pipe stacks by workers would need to be 
addressed (see Figure 2). 

REPLACING WOODEN BLOCKS WITH 
CERTIFIED CRADLES
In the first phase of loading a flatbed truck, 
workers would employ a timbering process, 
setting wooden beams and wedges between 
pipes to provide support to the pipe stacks on 
the truck’s flatbed. Pipes were placed 
between pairs of self-standing vertical poles 

Figure 5. A modular spreader separates the soft slings – 

ensuring they are always ready to lift – as well as 

lightening the overall weight for riggers.

Figure 6. With the form of a C, the hooks have open 

ends which effortlessly encase the pipe’s edge.

Figure 7. With a guideline in hand, riggers manoeuvre 

pipes into position. To hook off, riggers simply pull on 

the guideline after the pipe is in place.

Figure 2.  The team chose to proactively eliminate the 

potential risks to safety by replacing accepted norms 

within the loading process with certified alternatives.

Figure 3. To begin loading pipes onto the truck's 

flatbed, bottom section cradles are placed atop an anti-

skid mat.

Figure 4. Workers place a mid-section cradle atop the 

first layer of pipes which will support the second tier of 

pipes.
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C-hook can be used with many pipeline types 
and prevents the equipment from being 
damaged. 

But the C-hook has its one disadvantage. 
They are more solid and as a result are more 
heavy for riggers to manoeuvre than its 
predecessor. Working with the new hooks 
caused some difficulties and led to feedback 
from the riggers which was not that positive. 
Therefore we looked for a more ergonomic 
way of working. The result of these efforts 
were the spreader bar and the soft slings 
which were for ergonomic reasons to make it 
easier for riggers.

SOFT SLINGS REDUCE WEIGHT
When loading vessels, the standard lifting tool 
includes steel slings – or even metal chains – 
because they can sustain heavy loads. These 
standard steel slings or chains are also quite 
heavy on their own. When the optimised 
C-hooks were attached to the metal chains at 
JDN’s storage yard, the overall weight of the 
lifting tool – while loaded with a pipeline as 
well as unloaded – was noticeably heavier for 
riggers because of the newer, heavier hooks. 

As a worker prepares to move a pipeline, a 
bunch of lifting slings and hooks are 
suspended from a crane directly above the 
centre of the pipeline to be lifted. Since a 
pipeline spans 12 metres in length, a worker 
must pull a sling and hook apart and guide it 
for six metres to begin ‘fishing’ for the end of 
the pipeline. Three times heavier than the 
previous hook, the C-hook and its added 
weight certainly made the task more 
demanding for workers, especially to perform 
all day long.

which were positioned along the perimeter 
edges of the flatbed. While the vertical poles 
would effortlessly support the lower pipe 
layer, once the second pipe layer was set into 
place, the pipe’s combined weight would 
visibly bend the poles outwards. Not to 
mention, workers needed to climb on top of 
the first pipe layer to again timber for the 
second layer of pipes. After searching for a 
much-needed alternative, Tronckoe stumbled 
across an existing product on Dhatec’s 
website, the System88 cradles (see Figure 8). 
He knew he had found something that could 
replace timbering and self-standing poles in 
JDN’s operations.

Made of low-density polyethylene (LDPE), 
Dhatec’s durable and flexible system can be 
adjusted to hold multiple pipe diameters with 
locking pins in a two-by-two configuration. 
Another benefit is the system will not damage 
the pipe or its coating and is suitable for use 
in any climate. The reusable product had 
already been tested by TÜV Nord Mobilität 
and certified according to a worldwide safety 
standard. ‘By using these cradles, we are 100 
per cent certain we are following regulations,’ 
says Tronckoe.

The system is used universally across JDN’s 
operations for consistency. Easy to use, the 
system begins with workers setting the 
bottom section atop an anti-skid rubber mat 
on the flatbed (see Figure 7). The bottom 
section receives the first layer of pipes which 
are then clamped into place. Workers put the 
mid-section cradle (see Figure 8) on top of the 
first layer of pipes – which is also clamped 
into place – to receive the next and final layer 
of pipes which are again clamped with the 
mid-section.

The system accommodates different truck 
types and can go the distance, travelling over 
280,000 kilometres for one project alone 
without replacing a single cradle or damage 
to the equipment.

FISHING FOR PIPES WITH C-HOOKS
The former lifting hook was a conical pin 
which was inserted into the bolt holes of a 
pipe’s flanges, originally intended for 
connecting pipes end-to-end on site as 
shorelines. To ensure the hook and pipe were 
ready to be safely lifted by crane, workers 
climbed on top of a pipe to position the 
hooks into the bolt holes. ‘If pipes are stacked 
three-high on top of each other, you need to 
climb onto the stack to make sure the pins 
are in the holes but it is not safe to climb on 
top of the stack,’ says Tronckoe. When it was 
time to hook off, the same problem was 
encountered, with workers again climbing 
pipes to hammer conical pins out of bolt 
holes. Aside from causing a bit of damage to 
the material of the pipes, the conical pin had 
a weight limitation of approximately 2.1 
tonnes. Since pipes now weighed up to six 
tonnes, the conical pins were no longer ideal 
for lifting and an alternative was necessary.

Enter the C-hook (see Figure 6). With the 
form of a C, the hook has an open end which 
effortlessly encases the pipe’s flanged edge, 
eliminating a tedious alignment process. 
Similar to fishing, riggers cast the guideline to 
catch the hook onto the end of a pipe. When 
the pipe is starting to be lifted, the hook will 
automatically position and secure itself in the 
correct manner. To hook off, riggers simply 
pull on the guideline after the pipe is placed 
(see Figure 7). The new lifting hook is safer in 
relation to the weight of pipes. In fact, the 

Figure 8. Made of low-density polyethylene (LDPE), 

Dhatec’s System88 cradles stack and hold pipes in a 

two-by-two configuration.

Figure 9. In the new procedure, pipes are lifted by 

C-hooks which are attached to soft slings.

Figure 10. JDN developed an entry sheet which 

calculates the number of tie-downs needed to secure 

each load.
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To lighten the overall weight in workers’ 
hands, a soft sling was introduced (see Figure 
9). Although metal chains can sustain heavier 
loads than soft slings, their lightweight quality 
presented by the textile material could 
comparably perform the task of lifting 
pipelines. With the lighter alternative in place, 
one concern persisted: workers must still 
cover a long distance of six metres to 
manoeuvre each sling.

MODULAR SPREADER ELIMINATES 
MORE THAN TANGLES
While dangling from a crane, four slings and 
their hooks become easily entangled, and the 
slings cannot be twisted around while lifting. 
Therefore a worker must first check and make 
sure they are untangled, pull them apart and 
oriented correctly before hooking them onto 
the pipeline’s ends, which are six metres away 
from the pipeline’s centre point.

The team first suspended a spreader beam 
from the crane’s hook and then connected 
two slings to both of its ends (see Figure 5). 
This configuration ensures the slings are 
always in the correct position for the riggers. 
If the spreader is ten metres and the pipe is 
twelve metres, then there is only one metre of 
distance left to walk with or pull the hooks. 
By putting the spreader between the slings, 
the working method became easier and 
lighter for the riggers. 
While standing near the pipeline’s end, a 
rigger steers the hook’s movement using a 
guideline. ‘The advantage is that we no longer 

have to climb onto the pipes, thus avoiding 
the risk of falling,’ says Simon Van den 
Berghe. 

FINISHING UP BY TYING DOWN
Before putting a vehicle into drive, the cargo 
must be strapped to its flat bed to finalise the 
loading process. JDN developed an internal 
entry sheet which determines the number of 
tie-downs necessary to secure a load. Once 
the cargo’s type and weight are entered, the 
file calculates the number of straps which 
must be affixed to ensure it is secure (see 
Figure 10).

MAARTEN TRONCKOE

is the Transport Supervisor at Jan De Nul 

Group. He is involved in all worldwide 

project-related shipments and responsible 

for getting huge shipments to the most 

exotic locations on time. Since many parties 

are involved in the process, he maintains 

the key to achieving success is to make 

sure everyone is on the same page.

SIMON VAN DEN BERGHE

is the Team Leader for JDN’s warehouse 

in Zelzate, Belgium. He coordinates all 

warehouse operations on site and carries 

out a crucial role as the first link between 

workers and management. Supported by 

JDN’s Imagine Think Act campaign, his 

hands-on and lead-by-example approach 

results in awareness and change.

PIETER VERPOEST

is the Assistant Manager responsible 

for activities at warehouses in Zelzate 

and Kuhlmannkaai in Ghent, Belgium. 

His experience as a former JDN project 

transport organiser combines with his 

current role of general management at 

both sites. Based in the Zelzate office, 

he concentrates on the optimisation of 

logistical and operational processes.

CONCLUSIONS

The team’s upgrades to the lifting, stacking 
and securing of pipes ensures accountability 
that the logistics task is executed safely, a 
benefit to both employees and the public. 

In addition to increasing safety in regards to 
shipyard storage, crane lifting and flatbed 
truck securing practices, the solution heavily 
considers the ergonomics of the process for 
workers partaking in the process which 
takes place around the clock, all day long.

Innovative elements are:
• use of Dhatec chairs to store the pipes
•  use of C-shaped pipe hooks with lanyards 

 
•  lifting assembly comprised of soft slings  

separated by a spreader for ergonomic 
benefits for riggers

This solution is beneficial for other parties 
for lifting and transportation of pipes, both 
with and without flanges.

The method has already been implemented 
globally for lifting and transporting pipe 
within JDN and is in use on all JDN logistical 
yards and reclamation sites which require 
many land dredge pipes. Feedback shows 
users feel much safer than before and work 
is carried out more efficiently.

Figure 11. On behalf of his colleagues, Maarten Tronckoe (left) accepted the Safety Award 2017 bestowed by IADC’s 

President Frank Verhoeven (right) during the Annual General Meeting in Marseille, France.
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PRACTICAL HYDRAULICS AND 
WATER RESOURCES 
ENGINEERING
BY MELVYN KAY

Published by CRC Press. 2017. Third 
Edition. 355 pp. 156 mm x 235 mm. 
In English. £44.99. ISBN 978-1-4987-
6195-6

More than ever before, water is at the 
centre of the world’s attention. More 
and more professionals are entering 
fields related to sustainable 
management of the all-important 
resource. This is why Melvin Kay wrote 

Practical Hydraulics and Water Resources Engineering to target an audience 
of students as well as professionals starting out in subjects surrounding 
hydraulics. The author is a chartered civil engineer with 40 years of 
hydraulics and water resources management experience and worked on 
major works in the Middle East and Africa for ten years. For twenty years, 
he was a lecturer hydraulics and irrigation engineering to predominantly 
non-engineering background students at Cranfield University, and currently 
lectures at UNESCO IHE in Delft, the Netherlands and London’s Imperial 
College. Today he is an independent consultant on water for food 
production and agricultural purposes.

By employing a writing approach to make technical content more easily 
digestible by newbies to the world of water, the author intends to 
empower these individuals when they find themselves engaged in a project 
or collaboration with engineers. Usually, when engineering subjects are 
explained by engineers, the explanations tend to be meticulous and overly 
in-depth for non-engineers to grasp. 
Through this book’s example and story-based format, the author builds a 
strong foundation with elemental topics to enable individuals with non-
engineering backgrounds to facilitate dialogues with engineers from an 
informed perspective. Leaving out the overly-complicated equations, Kay 
explains concepts with stories to help readers understand the subject at 
hand and better apply concepts to real-life situations. A far-cry from a 
boring textbook, the publication brings relativity to the complex subjects of 
hydraulics and physics.

In the first chapter, the author introduces basic mechanics, explaining 
frequently used laws, terminology and variables surrounding velocity, 
acceleration, forces, friction, energy, momentum and water’s properties. 
The author successfully sets the stage for successive chapters to form a 
logical transgression from one subject to the next. Topics are covered in the 
following order:
• Hydrostatics
• Hydrodynamics
• Pipes
• Channels
• Hydraulic structures for channels
• Pumps
• Water resources engineering

• Water resources planning and management
• Bathtub hydraulics

In Chapter 2, the forces, pressure and principles of standing water – 
hydrostatics – are detailed. Then, water starts flowing in Chapter 3, with 
explanations of the generated forces, energy, pressure and momentum 
associated with hydrodynamics. Factors affecting the flow of water through 
pipes and channels are respectively analysed in Chapters 4 and 5. 

The functions of hydraulic structures for channels are to measure and 
control discharge, control of water levels and dissipate unwanted energy. 
The structure types are listed and their behaviours and functions are 
detailed in Chapter 6. In Chapter 7, pumps are delineated, with the general 
concepts as well as specific types. The impact of energy and power on the 
pump’s performance and their impact on the pump type for the situation 
at hand.

Instead of further exploring each topic’s nitty gritty details, the third edition 
adds two new chapters which apply the foundational principles. Chapter 8 
introduces water resources engineering and Chapter 9 covers the 
challenges of water resources planning and management.

A hands on approach to ‘Bathtub’ hydraulics closes the book in Chapter 
10. After filling a bath, readers can follow a few exercises which apply 
topics from the book in a real-life setting, letting them interact with water 
like Archimedes did 2000 years ago.

Find further information see:
https://www.crcpress.com/Practical-Hydraulics-and-Water-Resources-
Engineering-Third-Edition/Kay/p/book/9781498761956

CRITERIA FOR THE SELECTION OF 
BREAKWATER TYPES AND THEIR 
RELATED OPTIMUM SAFETY 
LEVELS
BY MARCOM WORKING GROUP 196

Published by PIANC. 2016. 179 pp. 209 
mm x 297 mm. In English. Illustrated in 
full colour. €195. ISBN 978-2-87223-
239-0

For ports with exposed environs, 
breakwaters are of vital importance. 
Their costs tend to be high, with the 
steep price tag depending primarily on 

the type of breakwater, water depth and wave climate. The safety level 
applied to the design is another factor to be considered. If a design is made 
safer from the start, then the repair costs to be expected during structure 
service lifetime may be reduced, especially since any damage to a 
breakwater may result in port operational downtime. 

An optimum safety level is the one factor that gives minimum total costs 
during the structure service lifetime for a breakwater, and its total cost is 
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the sum of initial construction costs, repair costs and downtime costs. The 
relation between damage cost and safety level is different for each 
breakwater type, therefore the optimum is also different. In the past 
optimisation studies have been performed for rubble mound breakwaters 
which take into account initial costs and direct maintenance costs. Indirect 
costs – such as downtime costs – have seldom been included.

The main objective of this report is to aid designers in the selection of 
breakwater types with measured consideration of optimum safety levels, 
especially since each breakwater type presents its own characteristics in 
terms of hydraulic and structural responses, construction difficulties, and 
material demand as well as potentially any combination of these aspects. 
Therefore, simple guidelines leading to the optimum choice are not easy to 
formulate, with few obvious exceptions. This report addresses aspects 
related to this problem, placing an emphasis on lifetime costs – or whole 
life costs – optimisation. In the first two chapters, the primary steps for 
breakwater type selection are outlined as:
• Functional criteria
• Environmental conditions at site
• Conditions for construction
• Selection of potential alternative
• Breakwater types for preliminary design and cost analysis
• Selection of preferred breakwater type(s) for final detailed design 
including lifetime cost optimisation

The main types of breakwaters – rubble mound breakwaters and caisson 
breakwaters – are presented in Chapter 3 while Chapter 4 provides a 
description of their characteristics to best address functional, environmental 
and construction considerations. Based on these criteria, the process for 
selection is discussed Chapters 5 and 6.

When based solely on functional and environmental conditions, basic 
guidelines to choose a breakwater type are difficult to formulate. This 
difficulty is demonstrated in Chapter 7 through seven different designs 
which all conform with functional and environmental conditions. Case in 
point, the ideal design deviated entirely from initial designs when the 
possibility of using armour blocks from a demolished breakwater was 
introduced. Therefore subsequent Chapters 8, 9 and 10 examine the 
importance of this optimum safety level.

In Chapter 8, safety aspects related to the design of breakwaters including 
methods of safety implementation, service lifetime, and safety levels given 
in some existing standards and design recommendations are generally 
discussed. Chapter 9 presents the method of cost optimisation based on 
life-cycle analysis followed by references to publications on breakwater life-
cycle analysis and design optimisation as demonstrated in specific projects. 
Since no generic information on optimum safety levels for the various 
breakwater types could be extracted from existing literature, two members 
of the working group performed a comprehensive parametric study of 
safety levels based on life-cycle cost optimisation. 
Background information and the general assumptions related to the 
parametric study of the optimum safety levels are provided in Chapter 10. 
Short summaries and some main results of the parametric study are given 
in Chapters 11, 12, 13, and 14 for conventional rubble mounds, berm 

breakwaters, Accropode breakwater and caisson breakwaters, respectively. 
Conclusions and recommendations on optimum safety levels are given in 
Chapter 15 and Chapter 16 presents Methods Of Probabilistic Design To 
Target Safety Levels: Example Application of the PIANC Partial Safety Factor 
System. The report concludes with References as well as Appendices on 
Downtime Costs, Parametric Study of Breakwater Safety Levels Based on 
Life-Cycle Cost Optimisation, The PIANC Safety Factor System for 
Breakwaters and a glossary of terms. 

Find further information and download the report at:
http://pianc.org/technicalreportsbrowseall.php

ONLINE AND INTERACTIVE: 
FACTS ABOUT COASTAL PROTECTION

Coastal protection spans the interventions, structures and measures 
put in place to protect coastal areas and their inhabitants against 
flooding. Coastal protection becomes necessary as urbanisation and 
development must accommodate global population growth as well 
as mitigate the effects of climate change. These factors combined 
have led to the growing need to protect coastal areas and their 
inhabitants.

A report by the United Nations predicts the world’s population living 
in urban areas will increase by over two billion people by 2050. The 
largest share of city dwellers will live in vulnerable coastal floodplains 
and half of the world’s population is projected to be living within 
100 kilometres of a coast. Climate change contributes to the 
observed trend of increased storm intensity and many coastal zones 
around the globe are already exposed to tsunami risks. Soil 
subsidence of inhabited coastal floodplains is also occurring in many 
locations. All these trends combined demonstrate the need for 
sustainable and resilient flood protection measures. The combination 
of an increasing probability of flooding and higher-impact flood-
related events lead to greater socio-economic impacts.

Low-lying areas may be protected through natural or man-made 
systems, or a combination of both. Available techniques which can 
be implemented fall into two categories: hard strategies and soft 
strategies. Along with dredging contractors, clients need to decide 
which strategy is most suitable for their site-specific coastal erosion 
problem, as both strategies have their benefits as well as their 
drawbacks.

The Facts About series is an initiative by the International Association 
of Dredging Companies (IADC) to distribute up-to-date information 
on various maritime construction and dredging subjects.

Download the PDF at:
https://www.iadc-dredging.com/en/84/dredging/facts-about/
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34TH PIANC WORLD CONGRESS
7-12 MAY 2018
RIU PANAMA HOTEL, PANAMA CITY, PANAMA

The 34th PIANC World Congress 2018 will be co-hosted by the World 
Association for Waterborne, Transport and Infrastructure (PIANC) and 
Panama Canal Authority (ACP). Taking place every four years, the 
international congress aligns with PIANC’s goal: to advance the 
sustainable development of shallow and deep-draught navigation issues 
including dredging and dredged material disposal, navigation and port 
infrastructure, recreational navigation, and related environmental matters. 

The PIANC World Congress 2018’s thematic axis spans inland 
navigation, dredging in the framework of port and navigation projects, 
logistics and infrastructure, ports, marinas and environment. Topics 
concerning the waterborne transport infrastructure sector will be 
highlighted within plenary conferences held by renowned individuals 
from their respective fields. In addition, discussion panels, formal 
presentations on specialised topics and social events. 
An opportunity to exchange knowledge and experiences with experts 
and peers, the gathering is open to members and non-members, and 
seeks presenters which represent best practices and innovation from 
every continent. Participants will have the opportunity to meet strategic 
partners as well as international participants. Especially for young 
professionals, a welcome reception and networking sessions will be held.

The field activity includes technical tours of the Panama Canal’s Pacific 
and Atlantic sides. Nearby cultural destinations may also be visited as 
part of the congress’s programme. Local, international companies and 
specialised institutions will showcase their products and services in an 
exhibition area throughout the congress. 

For more information about the congress visit:
http://pianc2018.com

36TH INTERNATIONAL CONFERENCE ON COASTAL 
ENGINEERING 2018
30 JULY-3 AUGUST 2018
BALTIMORE MARRIOTT WATERFRONT HOTEL
BALTIMORE, MARYLAND, USA

The International Conference on Coastal Engineering (ICCE) is a 
biennial coastal engineering conference coordinated by the Coastal 
Engineering Research Council of Coasts, Oceans, Ports, and Rivers 
Institute (COPRI). Founded in 2000, COPRI is a semi-autonomous 
institute of the American Society of Civil Engineers (ASCE). The 
Proceedings of ICCE cover a wide range of topics including coastal 
waves, nearshore currents, coastal structures, sediment transport, 
coastal morphology, beach nourishment and coastal management. 
Early bird registration closes on 25 April 2018.

For more information on the conference visit:
http://www.icce2018.com

CALL FOR PAPERS
DREDGING SUMMIT & EXPO ’18
25-28 JUNE 2018
HILTON NORFOLK THE MAIN HOTEL
NORFOLK, VIRGINIA, USA

This is the First Call for Abstracts for the Western Dredging 
Association’s Dredging Summit & Expo ’18. The technical conference 
covers fields related to dredging, navigation, marine engineering and 
construction. 
The three-day-long forum promotes improvement of communications, 
technology transfer, and cooperation among associations and societies, 
while emphasising the importance of understanding and development 
of solutions for problems related to the protection and enhancement of 
the marine environment. 

The conference’s theme is ‘Navigating a Future in Dredging’. Dredging 
presentations will focus on research, technology development, and 
pilot-scale projects within academia, government and industry. 
Speakers are encouraged to provide presentations highlighting the 
application of the work’s findings to future logistical, technical and 
economic constraints as well as regulatory requirements within the 
dredging environment. 

This year’s conference will take place in Norfolk, Virginia, therefore it is 
relevant to highlight naval projects and Chesapeake Bay-related topics. 
In addition, a wide range of topics may be covered, such as:
• Improving Dredger Safety
• Treatment or Beneficial Reuse of Dredged Sediments
• Innovative Equipment and Techniques
• Land Reclamation
• Dredging Research & Education
• Surveying & Mapping
• Budgeting & Cost Estimating
• Dredging for Beach Nourishment or Flood Control
• Environmental Dredging & Capping
• Deep Sea Mining/Dredging
• Navigation Channel Design

Abstracts should be no longer than 400 words and include both a 
descriptive title and contact information for all authors. In the event an 
abstract is accepted, at least one author must register as a participant 
and attend the Expo to give the presentation in English. The deadline 
for abstract submissions is 15 January 2018. 

Submit abstracts for consideration to: 
info@westerndredging.org

Find further information regarding abstract requirements at:
https://dredging-expo.com/abstracts
For more information on the conference visit:
https://dredging-expo.com
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