3.1.3

Drying and concrete production

Table 6 reports the costs and the emissions as obtained from the logistical model for the
drying and shipment to factory reuse case. When sediment is dried in a pond, with or without
natural additives, the cost price for this reuse case is comparable to the cheapest cases in
rising land, as it lies in the order of 2 €/m3. Costs incurred for external service dewatering
follow directly from the assumed model parameters as indicated in Table 2. For convenience,
they are repeated in Table 8. It should be noted that these costs are fixed per hour of
operating the dewatering instrumentation, and thus independent of the sediment volume to
be managed.

For the associated emissions, all cases reported in Table 6 result in emissions per m3that are
comparable to the best cases in rising land. With respect to time, the volume that can be
processed within 1 h is in all cases smaller to the smallest figures in the rising land reuse
case. Again, this means that multiple trucks will be needed per year, but the reported
emissions and costs remain valid for the considered volumes.

Table 6. Overview of results from the drying and concrete production reuse case. MV stands for Maasvlakte
and NW for Nieuwe Waterweg. PO stands for dewatering in ponds, NA stands for dewatering in ponds
assisted with natural agents, and ES stands for external services. Further details provided in Table 3.

Route

ConcNWPO

ConcMVPO

ConcNWNA

ConcMVNA

ConcNWES

ConcMVES

Cost [€/m?]

1.58

1.86

1.78

1.96

6.06

6.22

Emissions
[kg/m?]

3.66

4.38

3.66

4.36

3.76

4.36

15.94

17.57

17.20

17.52

17.41

Time [m¥h] | 16-96

Table 7. Overview of individual and global hourly costs as considered in the drying and shipment to factory
reuse case when drying is done via hiring external services and mechanical dewatering.

Location Cost per operating hour 970

Machine Cost per operating hour 730

Energy Costs per operating hour 65

€
€
Polymer cost per hour € 6.47
€
€

Staff wages per operating hour 300

Profit margin (%) 30

Total Client Cost per hour € 11,100

The results in Table 6 assume that the entire pond area is used for drying. However,
spreading dredged sediment over 120 ha may be impractical. Using a smaller surface area
would result in thicker sediment deposits. As indicated in Section 2.4.3, dewatering time
increases quadratically with the thickness of the deposited layer. We evaluate the impact of
this phenomenon on two aspects:

1. the costs associated with any reuse case involving sediment dewatering,

2. the total drying capacity per year.

Table 8 shows an overview of the resulting relevant parameters in the context of dewatering
in ponds and assisted by nature, including total capacity per year. Figure 10 graphically
shows the same set of results. Two sets of data are displayed in both the table and the figure:
results for dewatering at a pond and results for nature-assisted dewatering. The emerging
conceptual picture is clear: depositing in small layers results in a considerable decrease in
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dewatering time, leading to an increase of the total dewatering capacity per year for any
given area. The lower dewatering times are then accompanied by a decrease in the
maintenance and operational costs associated with these solutions. For the case of
dewatering in ponds, the shorter dewatering times will lead to turn around the sediment (see
Section 2.4.3) less times or to a decrease in the rent of the land, for example.

Table 8. Overview of relevant parameters in the context of dewatering at ponds and assisted by nature,
including total capacity per year. In all cases drying is obtained by spreading over a surface of 200,000 m2.
Columns indicate the values attained by the relevant parameters for a specific layer thickness (and associated
total sediment volume). The upper half of the table shows results from dewatering in ponds, the lower half
from naturally assisted dewatering.

Available land 200,000.00
Layer thickness 0.33 0.50 1.00 1.50 2.00
Volumes 66,000 100,000 200,000 300,000 400,000
Pond Drying time [days] 40.15 91.25 365.00 821.25 1,460.00
land cost € 3,960 € 9,000 € 36,000 € 81,000 € 144,000
Digger Emissions [T CO2] 0.50 1.16 4.63 10.42 18.52
Total Capacity 1 year 513,874 359,502 189,438 128,570 97,301
Natural Drying time [days] 10.95 21.9 91.25 200.75 361.35
Worm Cost €14,850.00 €22,500.00 €45,000.00 €67,500.00 € 90,000.00
land cost € 1,080.00 €2,160.00 €9,000.00 €19,800.00 € 35,640.00
Total Capacity 1 year 1,362,620.79 1,134,274.25 654,121.86 473,675.67 363,323.41
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Figure 10. Drying time (left hand y-axis; vertical bars) and total drying capacity per year (right hand y-axis;
solid lines with dot markers) as a function of layer depth (x-axis). Blue bars and lines refer to dewatering at
ponds, with brownish bars and lines referring to natural assisted dewatering.
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3.2 Evaluation matrix

In this section we compare the different reuse case for the multicriteria matrix as provided in
Section 2.1. To arrive at these results we combine the quantitative output of the logistical
model with scores for the qualitative criteria.

Figure 11 shows a colour map depicting the global results of the evaluation, with Table 9
indicating the values behind the colour map. The top row in both Figure 11 and Table 9
indicates the evaluated criteria. The second row indicates the weight assigned to each
criterion based on stakeholder input (Section 2.1). A smaller weight indicates a greater
importance as perceived by the stakeholders. Hence, the third row reports the inverse of the
weights, as these will be directly used to obtain the final scores of every case.

The first column in Figure 11 and Table 9 indicates the name of each studied case,
consistent with Table 3.

Columns two, three and four in Table 9 (costs, emissions and time) are filled with the output
from the model (Section 3.1). Note that pipeline cases are fed with costs and emissions per
m3 after 10 years, which are representative of equilibrium values after installation costs are
recuperated. The model output is then transformed to a score on a scale from 1 to 5, by
attributing the highest score, 5, to the best performing solution within a criterion, and the
lowest, 1, to the worst. The scores of all other solutions are interpolated between the extreme
values. Ultimately, these scores are reported in columns five to seven in Table 9 (rank costs,
rank emissions, and rank time) and in columns two to four in Figure 11.

The rest of the columns in Figure 11 and Table 9 were filled qualitatively based on the
knowledge obtained via the interviews and workshops. The final score is finally obtained by
combining all these scores with the inverse of their relative weights. In Figure 11, the darker
the colour the higher the score, meaning a dark field is a desirable solution.

Rank |Rank |Rank Nature [Environmental FINAL
Case Cost |[Emiss. |Time |Safety |Sustain. |Value |Quality Bureauc. | SCORE

Weights (W) 3.2 | 45 | 475 | 256 3.68 4.62 5.87 6.87 -

(Inv. W) . . . . 0.27 0.21 0.17 0.14
BaseNW
BaseMV
ConcNWPO
ConcNWES
ConcNWN
ConcMVPO

ConcMVES

ConcMVN

LandNWP

LandNWT

LandMVP

LandMVT

28 of 35 Beneficial sediment reuse in the port of Rotterdam from a logistical point of view
11208811-006-ZKS-0002, 31 March 2025

Deltares



Figure 11. Colour map depicting the global results of the evaluation exercise. Columns in blue represent a
specific field as evaluated in this exercise, with the first three columns being obtained from direct output of the
model and all other columns being the result of qualitative evaluation based on the output of interviews. The
final column indicates the global score of each reuse case. In all cases the darker the colour the higher the
score, meaning a dark field is a desirable solution.

Table 9. Global results of the evaluation exercise. The first three columns are direct output of the model, with
columns four to six being the same direct output but transformed in a 1 to 5 scale. All other columns are
ranked as the result of a qualitative evaluation based on the output of interviews. The final column indicates
the global score of each reuse case. Note that the first three columns are absent from Figure 11, which only
contains the final rank per criteria in the 1 to 5 scale.

Enviro
nment
Rank | Rank Rank Nature | al FINAL

Case Cost Emiss. | Time Cost Emiss. | Time | Safety | Sustain. | Value | Quality | Bureauc. | SCORE
Weights 3,13 450| 4,75 2,56 3,69 4,63 5,88 6,88
(Inv. W) 0,32 0,22| 0,21 0,39 0,27 0,22 0,17 0,15
BaseNW 0,32 1,46 1455,77 4,99 4,93| 4,38 4,00 2,00 1,00 2,00 5,00 7,00
BaseMV 0,31 1,41 1503,76 5,00 5,00| 4,49 4,00 2,00 1,00 2,00 5,00 7,04
ConcNWPO 1,58 3,66 16,96 4,13 2,05| 1,00 4,00 5,00 3,50 3,00 1,00 6,32
ConcNWES 6,06 3,76 17,52 1,09 1,92 1,00 4,00 5,00 3,50 3,00 1,00 5,32
ConcNWN 1,78 3,66 17,57 4,00 2,05| 1,00 4,00 5,00 3,50 3,00 1,00 6,28
ConcMVPO 1,86 4,38 15,94 3,95 1,12 1,00 4,00 5,00 3,50 3,00 1,00 6,05
ConcMVES 6,22 4,47 17,41 0,98 1,00 1,00 4,00 5,00 3,50 3,00 1,00 5,08
ConcMVN 1,96 4,36 17,20 3,88 1,14| 1,00 4,00 5,00 3,50 3,00 1,00 6,03
LandNWP 4,95 2,75 1719,69 1,84 3,24 | 5,00 4,00 5,00 4,00 4,00 2,00 7,12
LandNWT 1,35 3,37 24,11 4,29 2,44 | 1,02 4,00 5,00 4,00 4,00 2,00 6,88
LandMVP 1,06 2,89 1033,48 4,49 3,07| 3,39 4,00 5,00 4,00 4,00 2,00 7,59
LandMVT 1,50 4,06 23,89 4,19 1,54| 1,02 4,00 5,00 4,00 4,00 2,00 6,65

The colour map in Figure 11shows that, based on the assumptions made in this modelling
exercise and the input parameters provided (Section 2.5), the best-performing solutions, in
order of effectiveness, are as follows:

+ Rising land with sediment dredged at the Maasvlakte and transported by pipeline to the
polder to be risen.

» The above is closely followed by the second best performing solution, which is rising land
with sediment dredged at the Nieuwe Waterweg and transported by pipeline to the polder
to be risen. The costs for this scenario were not competitive (installation costs are only
recuperated after 20 years for the volumes of the Nieuwe Waterweg), but it ranked the
highest in time and the third best with respect to emissions.

+ After the best two performing strategies, which under this framework were found to be
reuse cases, the benchmark case ‘business as usual’ is found. This is the cheapest
alternative, its emissions are the lowest, and bureaucratically it does not pose any type of
challenge. It is noteworthy to indicate that the value of the final product of the reuse case
is not taken into the account in our methodology. If we would consider how much it would
cost to buy soil for combating subsidence, or to acquire the equivalent amount of
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concrete additives, the results would likely lead to a worse relative ranking of the
business as usual.

+ Immediately after the business as usual our evaluation methodology points to the rising
land cases were in land transport is made by trucks. However, trucks are polluting and
slow, leading to the relative decrease in overall score compared with the pipeline
solutions.

« Lastly, the drying and concrete are the worst set of performing solutions in our
framework. This is due to the considerable time that it takes to drive from the river to the
drying ponds and back to the concrete factory, resulting in the lowest set of time scores.
Emissions wise these solutions do also score very low following the heavy truck usage,
being this effect more pronounced for the larger volume coming from the Maasvlakte
region. Within this set external services for mechanical dewatering is the weakest of all
options, following the typically factor 3 larger costs per m? treatment (which again is direct
model input in this evaluation).

Logically, the results of this evaluation are in part affected by the score assigned to the
qualitative criteria. This was an informed choice but different perceptions of the performance
of the reuse cases under these criteria would of course modify the outcome of the study.
Over the next lines we present our reasoning behind the current set of qualitative scores.

The business as usual cases score low in three of the selected criteria: sustainability, nature
value, and environmental quality. The absence of added value of this sediment load, the
potential effect of sediment plumes on the local ecosystem, and the emissions associated to
navigating to the disposal site lead to these low scores. On the other hand, business as usual
is the best option from a bureaucratic point of view, as they are already taking place. The
opposite is found for the reuse cases, which score the minimum in bureaucracy and overall
good in sustainability, nature value and environmental quality. Moreover, all reuse cases
were given 5 in sustainability following their circular nature. As for environmental quality and
nature value, rising land scores relatively higher than concrete, partly explaining the overall
good ranking and evaluation of the land rising case (with the rest being explained by the
competitive scores coming from direct model output).

These sets of scores are a first step towards evaluating the qualitative set of criteria, and
mostly served as a mostly neutral complement to logistical model output, as the latter had
more weight in this study. The results should thus be seen as an example of what we can do
with the developed tool. They also constitute a reasonable first attempt for evaluating reuse
cases, from which general lessons can be learned.
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4 Conclusions

In this work, we investigated the spatial, environmental and financial aspects of beneficial
reuse of sediment at a large scale. To this end, we defined a set of decision making criteria in
consultation with stakeholders. This set consists of both quantitative and qualitative criteria,
which were evaluated for a number of potential beneficial reuse cases.

The beneficial reuse cases that we considered are (1) rising land in a polder near the port
area, and (2) dewatering the sediment and using it as an additive for producing concrete. As
a benchmark, we evaluated the current practice of spreading the sediment offshore, i.e.,
business as usual.

For each use case, we evaluated the following quantitative criteria per unit volume of dredged
sediment:

* Global costs
» Emissions (COz-equivalent)
» Handling time

These were quantified using a logistical navigational model, which was expanded with
calculations of on-land processes. This model was tailored to the Port of Rotterdam region,
enabling us to specify both the dredging area (where the sediment is taken from) and the
location where the reuse case is located (where the sediment ends up). Additionally, the
model allows us to specify an on-land mode of transport and required processing steps.

After quantifying these criteria, these were converted to a score per reuse case and
combined with qualitative criteria into an evaluation matrix. The latter were scored based on
discussions with stakeholders and are more subjective. However, the evaluation matrix does
provide a means to combine both these different criteria and is a valuable tool for assessing
beneficial reuse cases.

Our results indicate that rising land within a polder near Maasland, with sediment dredged
from the Maasvlakte basin and transported on-land with a pipeline, is the most optimal reuse
case. This was closely followed by the same technical solution but with sediment dredged
from the Nieuwe Waterweg, indicating that on-land processes dominate the feasibility of a
solution at scale. However, the yearly dredged volume at Nieuwe Waterweg is just over
100,000 m3, thus not enabling for the recuperation of the elevated installation costs of a
pipeline in the short term but still ranking very high in emissions and time.

Both ‘rising land’ reuse cases led to the best scores considering the entire evaluation matrix,
but did not beat the current sediment management strategy at the port (spreading offshore) in
terms of costs and emissions. We conclude that business as usual is a robust case, with
relatively low emissions and costs. Here, it is important to note that in this project we only
looked at the costs of logistical operations, but did not attribute value to the final reuse
products. If the value of reuse products is considered, the business as usual will then classify
a lot lower in the ranking, as it does not add any value to the system while the other
alternatives do.

The reuse cases which involved transport of sediment on land with trucks scored relatively
low. This was true for both the ‘rising land’ and ‘dewatering the sediment and using it as an
additive for producing concrete’ cases. The latter case scored low as it involved an additional
transportation step leading to increased handling times, costs and emissions.
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Beyond ranking the different set of considered solutions, a number of relevant lessons
emerged from the analysis of the technical solutions associated to the reuse cases. First, we
studied how much sediment volume needs to be handled by an on-land pipeline in order to
be competitive with transporting the sediment with trucks. The emissions associated with the
pipeline installation are recuperated, having as reference the emissions of road transport per
m?3 of handled sediment, once 1 million m3are managed. On the other hand, costs are only
recuperated somewhere near 10 million m3. This means that the larger the volume to be put
through the pipeline each year, the faster we get to a competitive cost and emissions. The
second lesson for on-land handling of sediment is that the thickness of the sediment when
deposited in dewatering depots has profound consequences in drying time and yearly drying
capacity of depots, ultimately impacting maintenance and operational costs of the drying
solution.

Of course, the outcome of our study depends on the used set of assumptions and for the set
of parameters introduced in the model, in combination with the qualitative scores given.
However, this approach provides a useful framework for evaluating sediment reuses cases at
scale in the region, and for specific areas to be dredged. Overall, this study has taught us a
number of key lessons over how to choose a reuse case. Keeping in-land transport distances
to a minimum and handling large volumes of sediment per year are good parameters to start
looking for a geographical location within the PoOR region. Expanding the current modelling
approach with emissions from the sediment itself and by prescribing a value for the reuse
product are key steps to continue increasing the applicability and the representativeness of
the model. Other identified knowledge gaps are discussed in Section 5.

The model and the approach work under a clear set of assumptions and for a given set of
parameters. These parameters can be modified when necessary, and new assumptions can
be incorporated to the overall framework. Ideally, our approach will be used by the relevant
stakeholders in the port region. By applying it, the set of assumptions and parameters can be
further improved and will thereby provide a key building block for discussing about future
reuse cases at scale in the PoR region.
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5 Knowledge Gaps

The logistical model focuses on the logistical processes associated with sediment reuse at
scale. During its development we have had multiple contacts and consultations with expert
stakeholders within the PoR environment. Having reflected on the model applicability and
usage with these stakeholders, and having discussed the features that are included and
those that are not, it becomes clear that the most relevant knowledge gaps in the context of
large scale sediment reuse cases are:

« Emissions from the sediment itself during extraction, handling and deposition are not
included in the model. Including them may shift the conceptual picture regarding
emissions for the different solutions, and thus the results from this report are to be
considered as representative of the logistical and technical processes involved, but not of
global emissions for a reuse case. When cohesive sediment with even a small organic
matter percentage rests under water for a certain time, methane will be produced as a
result of anaerobic respiration. When the sediment is then dredged, transported and
deposited either on land or in the sea, a fraction of this methane is released into the
environment. Methane would also be emitted during drying. Only part of these methane
release processes are studied to date, and thus a systematic study of all of the sediment
handling steps in a reuse chain is required to quantify the global emissions of any
sediment handling strategy.

* In this study, we focused on logistical processes and did not consider the cost or the
value of the final reuse product. Knowing that the cost of soil to rise land or of concrete
additives is certainly beyond the several € per m3, it becomes obvious that when added
up to the costs of business as usual, the 1 to 2 €/ mtypical of the reuse cases in this
study will be exceeded. This will change the way in which business as usual ranks within
our assessment.

* Inthe current scope, we applied an evaluation matrix that contains both quantitative and
qualitative criteria. A logical next step would be to evaluate which of the qualitatively
assessed fields can be approached quantitatively, and to what extent. This would then
involve the development of a framework for their evaluation, e.g., via the adoption of
sustainability or environmental quality indicators.

* The model can definitely be made more user-friendly by adding a Graphical User
Interface where all input parameters and practical modelling choices are presented. This
could enable easier application of the model by a broader set of stakeholders.

* In this study we consider the reuse of up to 1 million of m3 of dredged sediment per year.
This constitutes a relevant share of the yearly dredged volume at the Port, near its 10%.
Moreover, some of the studied reuse cases are attractive when evaluated by the
multicriteria matrix as presented in this work. Therefore it becomes relevant to study the
maximum sediment volume that can be reused per year at the Port area without
compromising ecological sediment fluxes along the Dutch coast.

+ The model in its current version simplifies a number of processes. For example, only one
fuel consumption rate is applied, whereas in reality different rates would results from
sailing with or without sediment, for example. Moreover, further synergies between the
routes and the dredging location could be explored. In general, it would be advantageous
to continue refining the processes schematized in the model, when the context and the
involved set of stakeholders considers it relevant.
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Abstract

This study was undertaken to investigate the current status and viability of large-scale sediment reuse
initiatives for the Port of Rotterdam. Through a comprehensive analysis of data collected from brainstorming
sessions and semi-structured interviews, an attempt was made to identify existing options in this domain
and assess the perceived benefits and challenges associated with scaling up solutions. Building upon
previous research, which delineated four potential use-case areas encompassing nature restoration and
conservation, civil infrastructure, construction materials, and agriculture, this study sought to deepen
understanding and provide actionable insights. Literature research was leveraged to complement the
findings from the analysis, revealing a multitude of opportunities for beneficial sediment reuse. However, the
study also unveiled significant hurdles, particularly concerning contamination of dredged sediment and
public opinion. Notably, constructing a robust supply chain involving numerous stakeholders emerged as a
pivotal requirement for the successful implementation of sediment reuse initiatives. This challenge was
underscored by multiple stakeholders as the primary obstacle that needs to be addressed to realize the full
potential of sediment reuse in the port environment.
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1 Introduction

The Port of Rotterdam (hereafter referred to as PoR) is Europe’s largest sea port and among the top
busiest ports in the world. The port stretches about 40km land inward, covering a total of 12.470 hectares,
with a total of 117.000 vessel calling at the port per year. In order to accommodate these vessels the port
needs to maintain its shipping channels at certain depths. The shipping channels silt up over time with a
combination of marine silts from the sea and alluvial silts from the Rhine and Meuse. In order to reverse the
siltation process the PoR does regular maintenance dredging of large areas of the port. These dredging
operations produce between 10 and 12 million cubic meters of sediment per year that has to be managed.
Currently, PoR relocates the clean sediment out to a designated relocation point about 15km off shore and
significantly polluted sediment is relocated to the “Slufter”, a polluted sediment depot on the “Maasvlakte”.
These operations are very emission intensive largely due to the significant amount of required transport. As
part of sustainability and circularity considerations PoR is exploring the possibilities for re-use of the
dredged materials.

The same dilemmas regarding sediment management are faced by ports across the world. As international
trade increases, international shipping increases as well and with it the need for large sea ports.
Furthermore, increasing awareness of the dangers of climate change bring a drive to reduce emissions and
for ports dredging operations are a large contributor to emissions. These combined make sediment re-use a
possibility of significant interest that is gaining attention world wide. Sea ports though usually relatively close
to the sea can be significantly far land inwards and thus potentially have significant distances out to sea,
which could be the preferred sediment relocation area. Current sediment management styles vary country
to country and port to port, moving dredge sediment out to sea where the natural dynamics would have
brought it maybe desired but not always financially possible.

International growth in sediment reuse applications has lead to a significant amount of research into
possible applications, including, construction materials, agricultural applications, and civil infrastructure.
Some of these applications have been proven to work in years past though the marine environment of
seaports means salt in the sediment can make the implementation more difficult. Most research including
pilot projects explores the feasibility of specific applications but does not specifically explore broader
impacts and challenges in implementing the applications. This paper explores the feasibility of dredge
sediment re-use applications and the perceived benefits and challenges of implementing the possible
solutions through empiric research including interviews with experts.



2 Methodology

In order to form a comprehensive overview of the suggested use cases, their feasibility, and limitations
several techniques are combined. As the proposed cases are already being researched an important
approach utilised is reviewing literature produced by these studies and pilots. The Port of Rotterdam is also
not the only stakeholder interested in re-using some amount of their dredged sediment so pilot projects from
other port areas may be a valuable source of information as well. Besides literature a lot of valuable
information will be in the possession of people but may not necessarily been explicitly written down or still
be in development and thus not publicly available. In order to access this secondary source of information
interviews will be conducted in order to collect as much information as possible. Finally, shortly after the
commencement of the project the SmartPort summit occurred, the department Ecosystems and Sediment
Dynamics at Deltares prepared a breakout session for during the summit. This breakout session was also
used as a data collection opportunity.

2.1. Literature

In order to form a clear understanding of the projects background literature on the possible applications of
dredge sediment is required. The Programma Innovatief Sediment Management voor Havens(PRISMA)
project had already determined 4 application areas, namely: Conservation and restoration of nature,
Infrastructure focussed on roads and dikes, construction materials, and agriculture (Deltares, 2023).
Literature searches for each topic were executed to find some broader information on what techniques exist
in these areas. Furthermore, in talking to experts and researchers in these areas they often recommended
interesting papers and articles that may provide useful information. Finally, reports of various relevant pilot
projects were included as reference materials. The discovered literature is discussed as well as used to
support the findings from the empirical research.

2.2. Smart port summit

The breakout session was designed in order to collect information from a large variety of backgrounds on
possible applications and strategies for large scale sediment reuse. The session involved people forming
small groups and filling out a brainstorming poster with their own ideas. (A.1 Breakout sessions — Smart
Port Summit) These posters were made available for this project to synthesise into overarching themes in
the answers. Furthermore, the poster gave people the opportunity to stay involved in the further research by
entering their name into a box.

2.3. Interviews

The research for this project discusses a lot of knowledge related to dredging and sediment sciences. In
order to have a decent understanding of how these systems operate the choice was made to start with
informal interviews with experts in the relevant field. Following these initial informal discussions the semi
structured interviews could be prepared with a clearer understanding of what knowledge is lacking
specifically.

2.3.1. Informal interviews

The informal interviews mostly aimed to expand my background knowledge of the problem and relevant
fields. For this reason these interviews had a general topic and no specific prepared questions. The topics
explored through these interviews varied from sediment dynamics and toxicity, to broader discussions
regarding application possibilities.



2.3.2. Semi-structured interview

The semi-structured interviews followed from the initial exploration of relevant topics in the other research
steps. Questions were formulated to facilitate open discussions and as a guideline for topics of interest.
Expert validation of the questions was done to reduce the introduction of answer guiding bias and as such
get the most possible information from the participants. The questions (Appendix A) were finalised by
incorporating feedback from the experts.



3 Literature

The explored literature covered a variety of topics the key ones are discussed here. Firstly, the current
situation of the PoR is discussed covering current sediment management operations. Secondly, soil
materials and their potential applications are discussed. Finally, information on the varying possible use
cases and associated pilot projects is discussed.

1.1. Current situation — Port of Rotterdam

The Port of Rotterdam is located in the Rhine-Meuse Delta, over the years the harbour has been built out
into the sea with the development of the Maasvlaktes. Now the port covers an area of about 12.500
hectares and processes 440 million tonnes of cargo a year (PoR, 2024). Due a combination of river and
tidal dynamics sediment accumulates in the shipping channels, leading a loss in depth. In order to keep the
port operational this sediment has to be removed by the two dredging firms the port contracted. The first
firm operates in the marine area of the port encompassing the more external docks and the second firm
operates in the more fresh water area with the more inland docks. Both of these dredging operations take
the clean dredged sediment to relocation points the most prominent of which is about 15km off coast.The
majority of dredge sediment is uncontaminated and can thus be relocated to sea where natural dynamics
would have taken it. However, about 10% of the sediment is contaminated and has to be disposed of at The
Slufter which is a contaminated sediment depot on the Maasviakte (Kirichek, Rutgers, Wensveen, & van
Hassent, 2018)

Tidal dynamics mean that about 36% of this dredged sediment flows back into the harbour and thus has to
be relocated again (Schuurman, Hendriks, van Kessel, & Dankers, 2017). The natural sediment dynamics
are also important to keep the ecosystem alive and operational and feed the Wadden Sea. Therefore, it is
not be possible to remove all of the sediment from the system. However, reducing the amount of sediment
that could flow back to some extent may reduce the intensity of the required dredging operations over time,
without harming the existing dynamics too severely.

Maasvlakte
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Figure 1. Sediment dredging volumes and relocation areas (Buro Waterfront, 2024)

1.2. Soil materials and their uses
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Soil characteristics are a key factor in what applications they are suited for. One of the most important
factors is grain size, this affects the substrates behaviour significantly and as a result its suitability for use in
various applications. The dredge sediments at the Port of Rotterdam consist mostly of silt and clay from the
sea and Rhine-Meuse rivers, the remainder is sand(Kirichek, Rutgers, Wensveen, & van Hassent, 2018).
Soil types can be classified according to a number of ways most commonly by particle size. Following a
table of soil types and possible use cases (Barnes, 1995).

Table 1: Soil types and their application areas

Soil type Particle size (mm) Use cases

Gravel 2-60 Aggregate for concrete, road construction, agricultural

Sand 0.06-2 Aggregate for concrete, agriculture, construction material, glass
industry, sand-lime bricks, as pure sand, beaches, sand bags, water
filtering

Silt 0.002-0.06 Agriculture, Cementious materials, ceramics, conservation, road

construction,

Clay <0.002 Agriculture, Ceramics, construction materials, water filtration, water
barriers, pottery,

Mixed Soil - Rammed Earth, construction materials, agriculture, adobe

Silt rich sediments can be used in a broad range of applications, though its use in cementious materials are
a newer development still under research. Finally, possible applications depend on mineral composition,
which can vary depending on the source of the material.

1.3. Use Cases

Four use cases were predetermined: Restoration and conservation of natural areas, Civil Infrastructure
(roads and dikes), Construction materials, and Agricultural. Besides these four the base case of relocation
to sea is also included and though other were considered the conclusion was that they were generally
mostly captured under the existing four.

1.3.1. Relocation off shore — Base Case

PoR currently takes the vast majority of their dredged sediment off shore to designated relocation areas.
Relocation to sea though fuel inefficient is seen as beneficial as it simulates the natural sediment dynamics
where the river delta would have taken the sediment out to sea. This dynamic feeds the sediment flow
system along the coast and as such feeds the waddensea, a protected natural area that serves important
ecological purposes. Deviating from the base case may provide benefits in economic and emission terms,
however, completely stopping this could have negative effects on the sediment dynamics along the coast.

1.3.2. Restoration and conservation of natural areas

Dredged sediment can be used in a plethora of ways for restoration and conservation purposes. Numerous
nature development pilot projects are ongoing or have been completed in recent years. Some of these
applications require the sediment to be processed before use while others can readily accommodate
sediment from the port. Examples of possible projects include the damming and filling of Groyne areas to
create habitat for birds and other animals, construction of tidal parks that provide both habitat and
recreational space, and construction of natural areas to compensate for the damage done to Natura 2000
areas as a result of a construction or infrastructure project (PSR, 2023) (Kennis- en Innovatieprogramma
Marker Wadden, 2022).
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With concerns about climate change growing and continuing destruction of natural areas and habitats
around the world, the interest in protecting and restoring these areas is growing. This has led to a significant
amount of pilot projects in this field, Proeftuin Sediment Rijnmond is exploring several of these, including
the project “Groene Poort” in the Nieuwe Waterweg. (PSR, 2023)

1.3.3. Infrastructure: Roads and Dikes

The second use case regards the usage of dredge sediment in the construction of Roads and Dikes.
Several options are available for the use of dredge sediment in civil infrastructure, for example as a road
bed material to support the final road or more generally to raise the land the road will be on to reduce flood
risk. When it comes to the construction of dikes several use cases are being explored, this includes slowly
reinforcing dikes by spraying sediment onto the dike and letting the existing flora grow anchoring the new
layer(Hrvacevic, 2023). More traditional methods of dike reinforcement are also being explored were
sediment is processed in a different location and transformed to useable soil that can consequently be used
to reinforce the dike(Ecoshape, 2023). These projects are in the pilot stage. Depending on the application a
significant amount of space may be required in order to preprocess the dredged sediment.

1.3.4. Construction materials

In recent years processes have been developed that allow dredged sediment to be converted into
construction materials for several use cases. This application is being explored by a number of start ups
and pilot projects. These methods generally require drying the sediment and then mixing the material with a
binder or several other materials in order to be able to be pressed or formed into the final material. Current
possible implementations include blocks for the construction of breakwaters, noise barrier, concretes, and
ceramics. (NETICS, 2024) (Humade, 2023) Projects with some of the materials have been completed both
in the Netherlands and abroad. Any material that uses minerals in its manufacturing could use dredge
sediment as a source of those minerals, however the processing required may limit economic feasibility.

1.3.5. Agriculture

Agricultural processes are negatively impacted by soil consolidation which though a natural process is
worsened by the industrialisation of farming (Shaheb, Venkatesh, & Shearer, 2021). Furthermore, the
intense agriculture depletes the soil and increases the dependence on fertilisers. Marine dredge sediments
when carefully implemented can be used to raise agricultural land and potentially be used to enrich the soil
depending on the composition of the sediment. Several pilots are exploring the potential of this use case
and exploring varying techniques both on site and off site sediment processing are being explored as well.
Notably, historically agriculture is one of the main applications of river dredge sediment as dredging
operations by local waterboards often relocate sediment onto the land for farmers to spread over their
fields. (Unie van Waterschappen, 2021)
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4 Empirical Research

This section will discuss the outcomes of the interviews and SmartPort summit methods and discuss
overarching topics in the research. Results from the Smart Port Summit will be discussed first followed by
interviews.

3.1. Smart Port Summit

The posters from the smart port summit have been summarised into tables, which are included in Appendix
A.1. This helped to create a clear overview of the provided input. Several aspects were strongly recurrent in
the session and may play a role in locating the key problems in large scale sediment re-use. The groups
were each assigned a use case to discuss and answer the question about, the outcomes have been
consolidated per topic as a lot of answers were similar for every use case.

The perceived benefits for the Port of Rotterdam are similar for all use cases as may be expected. Emission
reductions and cost reductions are prominent benefits also linked to a potential reduction in required
transport of both sediment and end products. Another perceived reason is that the port has sustainability
and circularity goals and re-use projects with dredge sediment could contribute to those goals.

Perceived obstacles vary a bit more per use case though again there are several recurring aspects that are
perceived to be relevant in all cases. Polluted sediment is seen as a potential obstacle for all as it can lead
to negative public opinion or undesired effects during implementation. Associated to the issue of pollution is
the legislative aspect that can cause delays and may simply not allow for some applications. Finally, the
scaling up from pilots and proofs of concept to full scale implementations will likely come with high initial
investment requirements.

Though specific actors differ for some use cases the overall perception is that several key actors will be
required to achieve the desired goal. Notably, all answers included multiple actors showing that
collaboration is seen as a key requirement. Besides the Port of Rotterdam, several branches of government
are seen as key players together with dredgers, entrepreneurs, knowledge institutes, and the public.
Together they could form the supply chain from base material to end user, with the governments playing a
faciliatory role.

To go from prototype to mainstream the ideas again seem to mostly overlap with a few prominent ideas.
The implementation of more pilot projects is commonly mentioned to prove concepts at a smaller scale and
generate interest. Generating demand and purchase guarantees are also mentioned several times to
ensure that the product has a decent starting point with a client. Finally, also required for the other ideas is
cooperation, with this amount of actors cooperating from the start is seen as a better way to approach this
issue.

Many out of the box ideas came up during the work session, some of which more straightforward and
others more creative. Several relating to the management of polluted sediment either through cleaning the
material or by trapping it in various ways. Some focused on collaboration and idea generation for scaling
up. Finally, some technique suggestions e.g. industrial waste heat for sediment drying or on-board
manufacturing.

3.2. Interviews

The informal interviews were conducted mostly for knowledge expansion and are thus not explicitly
discussed tough input from those may further support the findings from the semi-structured interviews.
Around 15 people where approached for the semi-structured interviews in stages. The people approached
where researchers involved in the pilot projects, governmental bodies, academics, businesses related to
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use-cases, and relevant non-profits. The semi-structured interviews have been summarised and are
included in Appendix A.2.

3.2.1 General findings

The interviews showed some repeated key aspects regarding the large scale implementation of dredge
sediment re-use. Most interviewees were at least to some extend familiar with some re-use possibilities for
dredge sediment despite differing backgrounds ranging from business to earth sciences. One key statement
was that dredge sediments can be used as a mineral source for any material or application that usually
uses minerals.

The re-use of dredge sediment is commonly seen as logical from a material scarcity viewpoint, why not use
this large quantity of material when base materials are scarce and expensive. Related to this is an
economic driver as using local materials significantly reduces the transport required to get materials to the
construction site. Related, local processing and using of the dredge sediment reduces the need for
sediment transport off-shore. Furthermore, ecological reasons were mentioned multiple times as large
amounts of silt can lead to turbid waters which negatively impact the ecological health of the environment.
Finally, taking some of the sediment out of the system may reduce the need for maintenance dredging of
the port over time.

Possible opportunities as identified by the interviewees are mostly in line with previously identified
opportunities. Though a novel application could be the use as mineral injections for large scale plastic
production. Interestingly a large number of pilots are either completing or starting exploring relevant
possibilities. Finally, for river sediments current practice in rural areas is to just place the sediment on the
land and farmers will spread the material over their land, however this does limit dredging operations to a
limited time window.

Possible obstacles show a clear overarching story between participants, though issues related to pollution
and toxicity, and possible legal obstacles due to qualification of soils by law are commonly mentioned two
key aspects come up. Firstly, related to the toxicity is public support, even if materials are perfectly safe for
use in human environments if they are produced with contaminated sediments the public may not accept
the materials which can also make investing in exploring these options more risky. Furthermore, the public
perception of the Port of Rotterdam is not favourable, the port is generally seen as a heavily contaminated
area and as such people are likely to approach dredge sediment from the port with distrust. Secondly, the
business case is considered a key issue in re-use of sediment. As shown from experience and exploration it
is key for these projects to start with a client willing to take a large volume of product, and then the entire
value chain has to be agreed upon and set up in one go to ensure success.

3.2.2. Lessons per use-case

Case 1: Restoration and conservation of nature

In the interviews restoration and conservation of nature was not extensively discussed, as most of the
interviewees were not particularly experienced in the topic. The key facts that were discussed is that nature
building is a limited use case in the sense that there is a limited project capacity, and that sediment quality
is not fixed in time. The Netherlands is a relatively small country with significant space constraints as a
result it is not possible to continuously build natural areas and thus only so much sediment can be used in
projects like these. Furthermore, sediment quality standards change over time as the safety of certain
materials/contaminants is reevaluated. PFAS is only considered a problematic contaminant since research
has linked exposure to a myriad of health problems. It is not improbable that a similar situation will occur
again when new research links a previously considered safe chemical to undesired effects. Therefore, using
sediment to construct nature may come with some risks unless very clean or cleaned sediment is used.
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Case 2: Civil Infrastructure: Roads and Dikes

Applications in Civil Infrastructure are not necessarily a new innovation as historically dredge sediment has
been explored as a possible material source for this application. However, a significant amount of the
dredge sediment from the port is marine silt and not alluvial river silt as previous projects focused on. One
of the interviewees worked on a recent pilot project exploring use of marine silts in these kind of projects,
“Clay Ripener Pilot” focused on transforming marine silts to material suitable for dike construction
(Ecoshape, 2023). The Sediment needed to go through processes of aging, desalination, and reduction of
organic matter to become useable soil. After these processes the material did not match the standards set
for dike construction materials however by altering the dike design the material was still applicable. Key
points in this process are that processing large volumes of sediment takes longer and generally the process
takes a significant amount of time and space. The process can be sped up by using alternative methods but
only for smaller volumes. Finally, Contamination plays a significant role in applicability this including organic
contamination.

Case 3: Construction materials

The technical feasibility of using dredge sediment for construction materials has been proven, though
application of marine silts in this way has been done less extensively. There are still some questions
regarding management of contaminants, as being able to use contaminated sediment in some way without
risking the contaminants leaking into the environment would significantly reduce the need for permanent
sediment depots. Related to this is the issue that public perception of material safety will significantly impact
market potential of the resulting product.

The application of dredge sediment in construction materials offers many opportunities as the minerals in
dredge sediment can be used in any material that uses minerals. Potential materials include concrete
materials, asphalts, bricks, composite materials, and even plastics. In all these applications the sediment is
only part of the base material required and can contribute to the end product between 25% and 80%. By
designing the products in the right way from the start they can be made fully recyclable using the same
manufacturing process. One of the biggest challenges with these applications is that the sediment will
always require a decent amount of preprocessing which will take up a significant amount of space and time.

Case 4: Agriculture

Agricultural applications of dredge sediment are historically one of the main ways of dealing with excess
sediment and currently one of several that the water boards in the Netherlands apply regularly. Importantly,
these current and historic applications focus on river sediments and not marine sediments which comes
with extra complications. Furthermore, applying sediments in agricultural domains does require careful
consideration of the composition of both the existing land and the sediment as yields could be negatively
impacted through ill-considered implementation. Finally, the perception is that farmers may based on their
own perception of the port be hesitant to accept dredge sediment as soil material, for fear of contamination.

15



4 Discussion

The literature showed that a significant amount of research exists into the application of dredge sediment in
the defined use cases. Many of these projects show that the applications are feasible and could be
expanded to a larger scale, though more research may be needed for exact implementation. The empirical
research supports these results with many participants being aware of many possibilities and optimistic on
their feasibility. There are some notable differences between use cases, as both civil infrastructure and
agricultural uses have more historic experience these may experience some benefit in gathering support.
Whereas, conservation and construction are very careful industries that put very high demands on their
source material, and as such may be harder to convince. On the other hand, civil infrastructure also caries
high safety demands, and the agricultural industry is currently dealing with PFAS contamination issues and
may be more hesitant as a result.

The problem of scaling up any off these solutions is seen as partially technical but also logistical and
operational. Many actors are seen as required parties to achieve any solution and as such this is seen as a
key challenge. Finally, participants see the public perception of dredge sediment and the PoR as a
significant potential risk factor as many perceive the port as a heavily polluted area and by association the
dredge sediment as such.

The results show that though technical issues in large scale adoption are still seen as very present, they are
also very broadly studied. The challenges of facilitating the cooperation between the required parties is far
less explored even though it seem that universally stakeholders are aware of the issue. A participant that
had previous experience in facilitating large scale implementation of similar materials specifically noted that
the key in success for any such project is ensuring cooperation from the start. Notably, though this
challenge seems universally accepted it is not extensively discussed in previous research.

The project set out to explore the current state of developments towards large scale implementation of
beneficial sediment re-use possibilities for the Port of Rotterdam. The research used data from an already
organised breakout session that took place at The Smart Summit, participants of this event were mostly
people already involved or connected to the Port or Deltares. Furthermore, the event focus was circular
economy which likely biased the participant group to people already somewhat interested in this issue.
These biases have the benefit that participants already have some relevant knowledge and may thus be
able to provide more insightful answers. However, it also limits the scope of perspectives and as a result
excludes some perspectives that could be relevant in assessing the opinions of some stakeholders. For
future research it would be good to try to represent these stakeholders as well and broaden the scope of
perspectives.

Participants were mostly approached through the existing network of the supervising researchers, this
introduces a bias in the participants and can reduce the scope. The final participants were experts in their
respective area and have a lot of experience with the involved stakeholders and associated issues. As such
they did have a relatively good understanding of perspectives of other stakeholders that may be involved in
facilitation large scale implementation of sediment re-use projects. For future research it could be valuable
to expand the scope and quantity of interview participants to get more extensive perspectives on the
potential benefits and difficulties.

5 Conclusion

Beneficial sediment re-use opportunities for the Port of Rotterdam exist and could potentially offer benefits
in many areas especially emission reductions and circularity. Besides the possible opportunities the
stakeholders say they also see significant challenges in large scale implementation of the proven concepts.
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Perception of the port as a heavily contaminated area came up frequently as a difficulty, it is important to
note that only about 10% of the dredge sediment is significantly contaminated. This misunderstanding of the
environmental situation of the port could be a significant hurdle to cross in order to actually complete a large
scale implementation. The technical difficulties in implementing any of the alternative solutions on a large
scale are also an issue that is commonly discussed, however, given the amount of research into possible
applications most stakeholders seem to think these issues will be manageable. The less researched
difficulty in scaling up sediment re-use applications is the difficulty of constructing a supply chain with all the
stakeholders. Depending on the use case the required supply chain will vary though extensive planning and
cooperation will be required in order to be successful.

Each potential application will have its own unique difficulties and advantages. Notably conservation and
restoration of nature is very limited in local possibilities and as such would not be a great candidate for long
term solutions. Agriculture, could face serious difficulty in convincing farmers of the benefits of the material
especially due to recent contamination problems. Construction materials offers a unique benefit given the
ports high need of construction materials. Similarly, civil infrastructure could be implemented locally, though
may have a similar limitation in possible application sites as nature building solutions. There is no clearly
superior solution and furthermore more research would be needed to asses the comparison to the base
case as relocation to sea is also seen as beneficial.

Regardless of implementation a large group of partners, funding, and an end client who is committed to
buying the end product from the very start will be required to guarantee success. This problem is seen as
one of the biggest challenges by most stakeholders, as there is already a lot of collaboration between some
of the relevant stakeholders, yet they have not managed to start efforts of large scale adoption. As such
future research into how to best facilitate cooperation in such a complex problem field could be very
beneficial. Finally, not all relevant actors have been fully represented due to the limited number of
interviews and as such some insights may have been missed.
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A Appendix Data Collection

This appendix shows the various materials used in data collection throughout the process of the research.

A.1 Breakout sessions — Smart Port Summit

A.1.1 Translated and summarized answers
Question Answers for use case Construction materials

(1)
Why is this of importance to the Significant amount of sediment
Port of Rotterdam? Concrete needed for construction
Less primary base materials
CO2
MKI reduction construction project
Use as base material
Reduced transport
More sustainable concrete production

What are the most important Pollution and rules [x2]
obstacles and what can we do Costs and assessment
about them? Scale up and covering start up costs

Creation of demand
Chemical additions
End of Life
Drying sediment takes a lot of energy
What parties will be required and | Government [x2]
why? Knowledge institutes [x2]
Entrepreneurs
Burgers
Everybody needed
Policy execution branch
All branches of the circle

Port of Rotterdam
Waterboard
How to get from prototype to Pilots
mainstream? RijksWaterStaat
Waterboard

Create demand with construction companies and architects
Purchase guarantee
Faster + alternative policydevelopment
Low grade to highgrade
Valuation of sustainability in tendering
Out of the Box Ideas? Shorten procedure time government
Crisis + “Herstelwet”
Low risk first soundwall later high grade solutions
Waste heat from port for drying sediment
¢ Reduces space needed for drying process
When sand or concrete scares business case easier to
develop
Trap polluted sediment in bricks
Geotextile tube



Question

Layers of sediment = land height increasing
Paper
Glass

Answers for use case Civil infrastructure (2)

Why is this of importance to the
Port of Rotterdam?

What are the most important
obstacles and what can we do
about them?

What parties will be required and
why?

How to get from prototype to
mainstream?

Out of the Box Ideas?

CO2 emission reduction

Business Case

Waste product to valuable material

Aim to become fully circulair

Contribute to dike-reinforcement

Material properties (quality of the clay - will the dike be strong
enough)

Conservative methods/culture € Education can improve this
Pollution

Legislation (lacking for re-use)

Pilots: Meegroeidijk = Proof of Concept

Not distributing polluted materials is difficult

Pollution soil at the end of product lifetime - material
passports

Dry summers could be a risk for dike widening (meegroeidijk)
Change in design approaches (Government > HWBP)
Reversal of philosophy: what material do we need? > what
material do we have?
Dredging Firms[x2]
Waterboards[x2]

Port of Rotterdam
RijksWaterStaat[x2]
Provinces

Designers

Contractors
Engineers/consulting company
Local applications (limit horizontal transporting)

Cooperation between organisations

Connect and plan demand & supply

Adding value to dredge sediment

Safe context for polluted sediment - Currently missing norms
Work on cleaning sediment

Reduce sources

Dare to invest and scale up from RWS - Increase Scale
Store under roads - trap until end lifecycle

outsourcers

Question Answers for use case Nature (3)
Why is this of importance to the Re-using could create income rather than costs
Port of Rotterdam? Reducing CO2-footprint/contribute to climate goals [x2]

What are the most important
obstacles and what can we do
about them?

Reputation of the Port (local use for nature building)
Increase of biodiversity

Shore strengthening — Climate resilience

Possible methane emission

Space needed for processing [x2]

Legislation [x2]

Knowledge

Investments/bridging till profitable
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What parties will be required and
why?

How to get from prototype to
mainstream?

Out of the Box Ideas?

Question

Distance to re-use location

Long term effects > quality

WUR (bacteria)

Deltares

Landscape architects

Ecologist/biologists

Robot manufacturer/Bosch

Dredging industry

Clients

Ship/equipment manufacturer

Authorities (RWS, WHD, ILT, etc)

Public support

Pilots projects and trials

Scale up = with partners (e.g. RijksWaterStaat)
Space/time - Slow building

Applications > with partners (municipalities, waterboards,
RWS)

Constructing temporary nature

Cleaning sediment with bacteria

Digital bio-twin

Electric transport

Mix sediment with seeds for nature development
Organise a hackaton

Create a sediment trap

Combination of solutions - sand collection from sediment
Engineered flows to manoeuvre sediment in desired direction

Answers for use case Agriculture (4)

Why is this of importance to the
Port of Rotterdam?

What are the most important
obstacles and what can we do
about them?

What parties will be required and
why?

How to get from prototype to
mainstream?
Out of the Box Ideas?

Replacement as artificial fertiliser - less diffuse chemicals in
the water

Nearby application - less costs, less land height loss

NB: contaminated sediment not for food but construction
materials (insulation)

Technologies required to re-use contaminated sediments
Contamination of the sediment + suitability of plants to remove
the contamination

Market for final products - business case (models)

Waste legislation

Time (perspective agriculture)

Waterschap

Agricultural industry

Construction industry

Knowledge institutes

Pilot Groningen

“Press” on the boat in order to reduce water content
Production on board of the boat (e.g. concrete bricks)
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A.2 Interview summaries

A.2.1. Deltares researcher [PENDING REVIEW]

e Who?

o Geo chemistry educational background
o Worked at Deltares for the past 15 Years
o Dredge sediment quality research

PFAS

e Context for interview
o Deltares researcher for Sea Silt Ceramics project

Eems-dollard estuary suffering from very turbid waters thus aim to extract large volumes
of sediment from the system. ECOLOGICAL AIM

Kleirijperij is project started to determine methods to reuse the extracted sediment

Sea Silt Ceramics started from Humade artists showing interest in exploring possibilities
of using the extracted sediment for ceramic production

e General Questions
o Awareness of sediment reuse mostly extends to those application involved in the kleirijperij.

o Relevance to the Port of Rotterdam

Ecological benefit; large scale dredging leads to turbid waters which in turn leads to
reduction in benthic life and general aquatic flora and fauna.
Country permanently in need of resources -> dredge sediment could be good source of

base materials
In the original natural system of the Netherlands, rivers would have deposited the silt

onto land in flood plains as would occur in natural river deltas

o Relevant opportunities

Kleirijperij opportunities:
e Agricultural land
e Dike reinforcement
e Ceramic industry
Raising polders in height
Very few industries that use these volumes of material
e In ceramic industries bricks are pretty much the only one

o Possible obstacles in sediment reuse for ports

Pollution in the sediment may make it unsuitable
Cost-picture: currently sand mining is done when returning from a sediment disposal trip

and sand is a very valuable resource

o How do you perceive this problem in relation to the required actors to solve this issue

e Case Specifics:

Depends on the application of dredge sediment
Generally all project will require:
e Several forms of government: Rijkswaterstaat, municipality, relevant ministries,
etc.
e The Port
e Dredging firms
Park development: port, municipality,
Nature development: See Groene Poort,
Municipality may control waterbodies beyond a certain depth (Amsterdam)

o Infrastructure, roads and dikes

Large scale height increasing of land would be on the lower areas of land. These areas
are generally peat or clay, which would compress under the weight of the sediment, the
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gained increase would partially be minimised. Furthermore, the general public would
likely be against, partially due to the negative image of dredge sediment from ports.

= This would also be a process of many years, and the public is likely to be resistant to
large scale land increase disrupting the area as they know it.

o Construction materials

=  When exploring the ceramics industry, the only client that consumes large enough
volumes is bricks.

=  Brick industry has very strict requirements, partially as it is also an aesthetic industry.

= Challenge in convincing producers that this is a potentially interesting product

= Currently clay is imported from abroad, brick production from sediment could be done
on location in the port.

= Dredge sediment is legally a waste product and changing that status is a difficult process.

= Pollution will affect what is possible production wise

e Thermic cleansing may be feasible

=  Public perception will be play an important role, if people don’t want to buy the bricks,
there is no market

= Marine sediment in principle not suitable for ceramic industry, Sea Silt Ceramics explores
how to make it suitable for the ceramic industry

= Kleirijperij: the ripening process of the sediment requires space, this was done near the
dike, this made the dike areal larger and thus nature compensation was required.

e Business case?

o Currently, Sediment gets dredged and relocated to a site off-shore, as a result the further
upstream you are dredging the more possible savings can be booked by using sediment within
the port vicinity.

o Onrelocation trips currently they collect sand to sell on the way back, this is also important for
the business case

o Economic gain is one aspect, however, public framing is a very important aspect as that plays a
massive role in whether or not there is a end market

o Public framing has to be shifted positively

e Where do you think the biggest knowledge gap lies?

o Alarge number of involved parties that have different key interests and potential gains can lead
to slow change

o Other use cases lead to even more parties involved in the problem space

o Generally, the Netherlands is quite conservative, with a “this works so why change?” attitude

= Upfront investment from other parties required in-order to be able to achieve possible
gains
= Need a strong driving force that just pushes through their aims
= Orvery slow process that eventually leads to large scale change
o How can you get all actors to see the entire picture as guiding principle?
=  When one actor gains massively yet another makes loses as a result, compromise may be
achieved
e Interesting aspects for future modelling research?
o Separation of marine and fresh water sediment, contaminated, non contaminated
= All four cases have different business cases
= Sand fractions will also play a role

o Applications, what can they use, and what do they need

o Public framing may be harder to take into consideration within a modelling project, though
stakeholder analysis could provide an indication
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A.2.2. Business partner— Neo-Eco (French circular economy consultancy)

Who?

o Original background in business now circular economy
10 years for Neo-Eco now after 20 years in large corporations

o

o

Desire to produce positive impact for the environment.

No strictly defined roles in Neo-eco for the business partners

Business development, partnerships, international developments
Very flexible work environment tasks flow from one to the other

Context for interview
Neo-eco is a French company with expertise in sediment re-use and recycling, circular economy,
re-use of deconstruction materials, and eco-materials
General Questions

o Awareness of sediment reuse?

o

o

o

o

o

Leading company in France in this field

Broad expertise in mineral recycling

Many varying sources of minerals

Stabilisation paste, road concrete, asphalt, plastics, foundations

Relevance to the Port of Rotterdam

Any port needs to dredge in order to remain operational
Mineral source as long as you can determine the mineral contents, you can find an
application for the material
Can use the material locally in a environmentally positive way without need for long
distance transport
2 compartment approach:

e Technical solution

e Value chain: who, what, and where
Not all sediment can go to the sea, may be able to trap pollution making a waste
material useful
Hydrologically, the relocated sediment partially flows right back into the port
Economic model, will be key driver, if gains can be made by recycling this will drive
innovation
For environmental reasons, relocation to sea may not be sustainable long term

Relevant opportunities

Construction materials
e Construction consumes the most minerals
Land raising and dikes are possible, not expertise of the company, have participated in
projects in the past
Agricultural usecase more relevant for freshwater sediments
e Careful studying of the land required, could increase yields but also possible to
decrease yields

Possible obstacles in sediment reuse for ports

Pollution
e Methods have been developed to stabilise pollution, organic pollution is easier
to tackle than metallic pollution
Quality of the sediment
e Composition in terms of granularity, more sand like or more silt like
Engineering approach

e Key is understanding the match between the sediment and possible applications,

furthermore market potential is very important to understand

How do you perceive this problem in relation to the required actors to solve this issue

Multi-actor value chain
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e Case Specifics:

Inevitably somebody in the chain will put up a road block and say this will not work
Need a solution architect: someone who will map/design the technical solution,
economic solution, and set up the value chain into a functioning market

Have to work with the end client from the very beginning

o Most knowledge in Infrastructure, construction materials, and agriculture
o Infrastructure, roads and dikes

Volumes of use will depend on: quality of material, the number of output materials.
Relatively straightforward applications possible
Should be a lot of expertise in the Netherlands

o Construction materials

Prefabricated concrete, concrete, composite materials, asphalts

Scoring sheet for which solutions fit best

Resource scarcity makes people more lenient in selection of appropriate base materials
Aim to follow existing standards for materials -> if they can’t be matched minimise
differences

Develop recyclable end-product

Sediment will be part of material: 25-80%

o Agricultural

e Business case?

Not conceptually complicated but need to have good level of understanding in order to
understand possibilities and successfully apply.

If not properly executed could decrease yields

Dependent on dredge sediment but also the carefully targeted agricultural land

o Have to start with having an end client, and set up entire supply chain, market dynamics will
follow when at least one client has usable end product.

Example: case where use of river dredge sediment cost €80 per tonne to dispose of ->
started with 10 possible end consumer players, out of 10 only one agreed to take on the
product. Following the entire supply chain having been created after 10 years now about
12 players use the sediment in this way and say, it actually didn’t really change anything
for us, it is just an alternative source.

o European money available for projects in this vein
o It will take years to build, step by step, but it will be resilient and has the potential to be a game
changer
e Where do you think the biggest knowledge gap lies?
o Understanding the multidisciplinary approach

Technical aspect is 50% of the problem

Have to break the silos organisations work in
How to scale

How to write the required tenders
Understanding all the logistics

The entire value chain

The economic model

e Interesting aspects for future modelling research?
o Logistical model is helpful but only one aspect of the entire system (as explained by the
knowledge gap question).
o You are building a system with many actors not just logistical organisation

A.2.3. Deltares Researcher

e Who?

o Background in Chemical technology
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=  PhD in sediment transport
o “Waterloopkundig labaratorium” incorporated as part of Deltares
= Sediment modelling
Context for interview
o Involved in relevant Deltares pilot projects
General Questions
o Awareness of sediment reuse?
=  No absolute details
= Aware of Netics
=  Origin of material and typical applications
= Some relevant legislative knowledge
o Relevance to the Port of Rotterdam
= Reused sediment does not have to be relocated to off-shore, which costs money
= Reduced turbidity should reduce negative ecological effects
= Too much sediment is undesired, and the same goes for too little, as a result finding the
right balance will be important
o Relevant opportunities
= Historically, dredge sediment was sprayed on aging fields and then used for land raising
and dike construction.
= Research from the 80s into using river dredge sediment for dikes (Euroklei)
=  Bricks and cementitious materials
o Possible obstacles in sediment reuse for ports
= Contamination plays an important role, also linked to legislative aspects
= Depletion of the system
e Inthe past sand mining led to large scale erosion, as a result, legislators are more
careful when it comes to large scale mining.
= Transport is costly
=  Commercially, the public needs to trust the product otherwise there is no market
o How do you perceive this problem in relation to the required actors to solve this issue
= Port of Rotterdam
= Dredging firms
=  Potential clients
=  PRISMA 3 project
Case Specifics:
o Most knowledge in Infrastructure, construction materials, and agriculture
o Infrastructure, roads and dikes (kleirijperij)
= Aging, desalination, and reduction of organic material
= Dike design adjusted to accommodate for material not meeting standards
=  Many lessons learned, also from encountered expertise.
=  Projects need a lot of time and space
= The more sediment you try to process in one layer the longer it takes
= |tis possible to process smaller quantities of sediment quickly with alternative processes
= Contamination of sediment plays an important role, there may be limitations in possible
applications
= Depending on the application the amount of organic matter can have a significant impact
on applicability, if organic content is too high it will change the structure of the material
over time due to decaying processes.
Business case?

o Cost picture is relevant, often slightly higher costs are considered acceptable when the
application benefits some good goal. However, significantly larger costs are unlikely to be
accepted.

o Value of the final product has to be taken into account
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e Where do you think the biggest knowledge gap lies?
o Business case will play a significant role, as the cost picture will be a relevant deciding factor for
many of the actors involved
o Pilots are already very expensive projects, to achieve the scaling up of projects, it will be key to
fully develop the commercial implementation.
o Going from theory to process and business optimalisation
e Interesting aspects for future modelling research?
o Who wants this? -> Is this needed?

Ports and dredgers are interested, as they display interest and experience in circular
economy projects

o If the project is economically viable there will be an important limitation of the base material,
only so much material can be dredged every year. Furthermore, it will still be expensive to
transport material from further away sources to the processing facilities.

A.2.4. Policy Advisor - Waterschap Hollandsche Delta(WHD)

e Who?

o Earth and marine sciences
o Dredging, and dredged material
o Organisation is involved in circular use of dredged material through participation in the “circulair
bagger consortium” and a study into calcination of dredged material
e Context for interview
o “Waterschappen” (regional water authorities) manage the regional water bodies in their area,
they do not have direct input in the problem directed towards the Port of Rotterdam, however,
they may have relevant experience and knowledge for development of this project
e General Questions
o Awareness of sediment reuse?

Circular application currently practiced for clean sediment
e Placed on the waterside and spread of agricultural land by local farmers
Lightly polluted sediment relocated to “diepe plas”, these are waterbodies currently too
deep for any purpose, thus the sediment is used to reduce the depth.
Circular Dredging Consortium
Calcification of Dredge sediment -> Concrete like materials
Quality rankings of sediment play a role

o Relevance to the Port of Rotterdam

Sediment in Ports cannot be relocated to the waterside, and thus has to be relocated
elsewhere.

o Relevant opportunities

All the sediment is coming from one connected, proximal system
Good location for industrial construction and existing infrastructure for transporting
materials

o Possible obstacles in sediment reuse for ports

Strong business case is required to be successful

e End Customers are required
The industrial space is highly desired and quite full, as a result expensive, and possibly
the biggest limitation

e large quantities of dredge sediment take a lot of space to process

e Drying dredge sediment is a time intensive process

o Can be sped up, but this also requires resources

Classification of sediment can bring challenges in re-using, as it may need reclassification
in order to be able to use as base material

PFAS pollution may cause disruptions, also in public opinion
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o

= How far are you allowed to relocate dredge sediment (legal limits)
How do you perceive this problem in relation to the required actors to solve this issue
= Circular Dredging Consortium
e Bringing together government and private sector
= The entire chain is needed to set up a successful system

e Case Specifics:

o

o

o

o

Nature restoration and conservation
= Limited capacity, as only so much available space and beneficial applications
= Quality is an everchanging system: Years ago PFAS was considered perfectly safe, this is
no longer the case. It is very possible that in a few years new materials are considered to
be unsafe, and as a result all the constructed nature may need to be destroyed again, or
we heavily polluted an area while intending to do good.
= “Besluit bodem kwaliteit”
Infrastructure, roads and dikes
=  WHD does have dikes and roads under their management.
e Applications of dredge sediment don’t currently fit with existing policy
e Wantis limited by potential risks
e Circular implementation of sediment should be as local as possible to ensure
limited environmental impact
Construction materials
=  Confidence in possible applications
e “Waterweg” has made concrete bricks from dredge sediment as a proof of
concept
e Upscaling is proving to be difficult
= Applicability of contaminated sediment
e Can you destroy the contaminants
e Can you encapsulate contaminants
=  Multiple parties exploring these projects
Agricultural
=  Current application of clean dredge sediment for most regional water authorities
e Have to dredge outside of agricultural season
e Storms disrupt the dredging process and further limit the already limited time
available for dredging

e Business case?

o

O
O

Make sure that the entire business chain is set up from the beginning including client to ensure
functional business
Governments are involved
= Can supply money but only to a reasonable extent as it is public money
Bureaucracy can slow down processes significantly
In ideal world a good application is also applicable for surrounding regional water authorities

e Where do you think the biggest knowledge gap lies?

o

Scaling up existing processes costs a significant amount of energy and space
=  Thus expensive

e Interesting aspects for future modelling research?

o

O O O O

The network of relevant people
The time and space aspects
Transport when it is not feasible to do so by water
Taking into account possible external sources such as regional water authorities
Every actor has their own goals and approach
=  Everybody does share this problem to some extent

29



