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This report was produced by the Vrije Universiteit Brussel within the context of the Chair Circular
Port Monitor in Flanders in collaboration with Circular Flanders, the Port of Antwerp-Bruges,
North Sea Port, and the Port of Ostend and measures a first baseline of circular economy
indicators for ports. The report serves as a compliment to the report Circular Port Monitor -
Explorative Research, in which the indicators were developed.
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Introduction

Ports are not only important nodes in supply chains, but also industrial clusters in which large
volumes of goods and materials are handled. This gives them an important potential role in the
transition towards a circular economy, which aims to reduce resource consumption, prevent
waste and keep materials in use at their highest possible value and for as long as possible. For
port managing bodies (PMBs), supporting this transition in view of their ambitions requires both
encouraging circular initiatives and systematically monitoring how circular activities and
material flows develop over time.

This report presents the first baseline measurement of circular economy indicators for the Port
of Antwerp-Bruges, North Sea Port and the Port of Ostend. it was produced by the Vrije
Universiteit Brussel within the Chair Circular Port Monitoring in Flanders, in collaboration with
Circular Flanders and the three participating PMBs. Building on twelve indicators developed
specifically for the port context, the report translates these indicators into practical
measurement methods, establishes baseline values where possible, documents the required
data sources and provides as such a foundation for circular port monitoring.

The indicators cover several dimensions of circularity, including circular business activities and
projects, innovation and governance, ship-generated waste, circular cargo flows, waste
generation and processing, port land use for CE, employment and secondary material
consumption. They were operationalised through an iterative process combining PMB data,
governmental and company databases, company registers, geographical information, desk
research, expert input and information from relevant stakeholders. This process helped refine
the indicators’ definitions and boundaries, but also identify limitations relating to data
availability, quality and comparability. The indicators are not and cannot be combined into one
single circularity score; each instead provides a distinct perspective, and the baseline values
should be understood as starting points for future monitoring and benchmarking by the same
port and for the same indicator, rather than as targets, ratings or a ranking of the ports.

During the process, Indicators 3, 4 and 5 were considered insufficiently relevant by the
participating PMBs within their current ambitions. These concern circular-economy start-ups
with the potential to relocate to the port area, circular requirements in tenders and concessions,
and circular-economy-related platforms in the port region. The further monitoring of these
indicators was therefore discontinued within this research, and no baseline values could be
reported. Nevertheless, the report retains the corresponding sections because the development
and initial measurement process generated useful insights into their relevance to potentially
other ports or in the future, and their practical applicability.

Each indicator chapter can be read independently and presents the indicator’s strategic
relevance, definition and scope, measurement unit, data sources, methodology, results or
process insights, limitations and requirements for future monitoring. This structure allows the
report to function as a stand-alone reference document for PMBs, policymakers and other
stakeholders involved in circular port development.

Because the 3 Flemish seaports in this study differ in size, economic structure, geographical
scope, governance and data infrastructure, any comparison should be made cautiously. More
detailed information on the theoretical foundations, indicator-development process, action-
research methodology and cross-case analysis is provided in the related PhD manuscript of Lynn
Faut (VUB) which is available upon request.



Indicator 1: Share of port-relevant CE business
activities located in the port area.

a) Core CE activities
b) Peripheral CE activities

Strategic relevance

The strategic relevance of this indicator is high both for PMBs (Port Managing Bodies) and for
Circular Flanders, making it one of the main CE indicators for ports. It directly relates to the
circular activities taking place in the port area, thus visualizing the extent of the diffusion of the
circular transition in the port.

Definition
This indicator looks at all the circular business activities which are relevant to PMBs, taking place
in the port area.

Circular business activities

Starting off with the definition of circular activities, this includes all those firms taking part in
business activities which relate to the circular economy. In the circular economy, the value of
products and materials is kept as high as possible for as long as possible. This includes activities
which reduce the need for materials and products, maximise the lifetime of materials and
products, use waste streams as resource inputs, recover materials through recycling, or recover
energy from waste. Some definitions for the circular economy include renewable energy,
however, for the sake of specifically looking into products and materials, renewable energy
activities are left out in this case. Circular activities can fall under any of the strategies in the 9R
framework presented in the figure below.
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Figure 1: The 9R Framework. Source: Adapted from Potting et al. (2017, p.5)

Examples of circular activities include waste management, material recovery, repair,
maintenance, restoration, recycling, composting, energy recovery from waste and even renting
and leasing (Ellen MacArthur Foundation, 2026; Circle Economy Foundation, n.d.; Willeghems &
Bachus, 2019).

Inthe specific case of ports and port areas, examples include business activities associated with
renting and leasing, ship repair and maintenance, industrial symbiosis, retrofitting, recycling,
CCU, reuse of residual heat, and energy recovery through for example waste-to-fuel and waste-
to-energy activities. It should be noted that while CCU is an example of a circular activity, CCSis
not. The reason for this is that currently, CCS is done in a way that the carbon is stored
indefinitely, without any intention of being extracted for use at a later stage. In other words, this
is more of a landfill activity rather than a circular one. Regarding the biobased sector, firms where
biowaste is transformed into fuel, are circular activities with an R9 strategy. On the other hand, if
agricultural products which are useable as feed are transformed into fuel, this is not classified
as a circular activity.

Relevance to PMBs

Given the PMBs’ focus on volumes and product and material streams, the relevance of circular
business activities for ports is limited to recycling (strategy R8) and recovery (strategy R9). While
these are indeed part of the circular economy, it should be noted that they are the lowest levels
of the 9R framework. Energy recovery (R9) in particular, is sometimes even left out of the
framework due to its limited resource efficiency gains (European Commission, 2020) when
compared to the other R strategies. When it comes to waste-to-fuel or waste-to-energy
processes which use potentially recyclable materials for energy recovery, the loss in economic
value limits their contribution as impactful circular activities.

Nonetheless, for indicators to actually be measured and monitored, it is important that they are
relevant to the users, in this case, the PMBs. Due to this, this indicator will only consider circular
business activities related to strategies R8 and R9, while noting that there are also many other



circular activities taking place in the port areas, particularly relating to leasing, renting,
maintenance and repair.

Port area

This is defined as the official geographical boundary of the port area and was chosen to ensure
feasibility of the indicator. A critique however, is that this decision eliminates activities which
may not be located in geographical port area but still decided operate close to the port area to
take advantage of the benefits of the port cluster.

Core vs. peripheral business activity

Core CE activities are those firms whose circular business activity is part of their core business
and thus (one of) their main revenue source(s). Peripheral CE activities include those firms which
take part in circular activities; however, these activities are not their main source of revenue. An
example of a core CE activity is a recycling firm. On the other hand, a peripheral CE activity could
be a sugar mill which uses sugarcane to produce refined sugar (linear activity and main source
of revenue) and generates an extra revenue stream by processing its waste or by-products to then
be sold as animal feed (circular activity, but not main source of revenue).

The value of looking into not just the core, but also the peripheral CE activities stems from
recognizing the value of firms which traditionally conduct linear activities, but are shifting to the
integration of circular principles and activities into their modus operandi. In the transition to a
circular economy, it is not just purely circular firms which play a role, but also firms which
embrace circularity as the new normal.

The terminology of “business activity” also implies that the activity is a source of revenue to the
firm. This means that internal circular activities or waste management systems are not included
in this indicator. For example, a firm which has its own wastewater treatment facility for its own
use is not considered in this case. However, if that firm offers wastewater treatment services as
part of its business activities, it can be classified as a core or peripheral circular business activity
depending on whether it is a main revenue generating activity or not.

Examples

Recycling plant, waste-to-fuel producer

Measurement and unit

Calculation:

Total # of core CE activities in port area

x100

a)

Total # of activities port area

Total # of peripheral CE activities in port area

b) x100

Total # of activities port area

c
=
X



Data sources
List of Core CE firms: Bel-first database, GraydonCreditsafe database and PMBs

List of Peripheral CE firms: PMBs

Total number of firms in the port area: PMBs

Method

In order to identify the various CE activities in the port area, data was collected both bottom-up
and top-down.

Bottom-up data collection

For the bottom-up data collection, PMB representatives were asked to list all the firms taking part
in circular activities in their port area. They were given the definition of the circular economy,
along with the 9R-framework and examples of circular activities by Ellen MacArthur, Circle
Economy, and the European Commission. Due to the complexity of applying the definition to the
port context, this was an iterative process where in each iteration what could be included and
what not was re-aligned. This task resulted in a list of 22, 39 and 8 core CE activities for Port of
Antwerp-Bruges, North Sea Port and Port of Ostend respectively, as wellas 17, 6 and 2 peripheral
activities for each respective port.

Besides the risk associated with self-reporting bias, this method has the risk of underreporting.
This is because, in particular when it comes to smaller scale firms, PMBs do not always know
which activities are taking place in the port area. In order to alleviate this risk, a second data
source was used to identify the CE activities in the port area.

Top-down data collection

In order to identify firms whose main source of revenue originates from circular activities, a Bel-
first search was done on firms with primary NACE-codes relating to the circular economy. NACE-
codes are a European classification system used to distinguish firms based on their activity.
However, they are derived from the UN's International Standard Industrial Classification of all
Economic Activities (ISIC), making them compatible not just within the EU, but also on a global
level. The chosen NACE-codes for the identification of circular firms used by Willeghems &
Bachus (2019) are listed below:

- Repair(33.110-33.190, 95.110-95.120, 95.210-95.290)

- Renting and leasing (77.200-77.299, 77.300-77.399)

- Waste Management and Material Recovery (37.000, 38.110-38.120, 38.211-38.222,
38.310-38.329, 46.771-46.779)

- Maintenance of motor vehicles (45.201-45.209, 45.310-45.320, 45.401-45.402)

- Second-hand sales (47.791-47.793)

- Building restoration (43.995)

For the Dutch part of North Sea Port, the GraydonCreditsafe database was used. For this search
however, the NACE code relating to building restoration was unavailable.



It should be noted that NACE codes have their own limitations. One of these is that the NACE
code classification is not fine-grained enough to capture all circular activities. For example,
circular activities related to energy, construction, or water treatment are not captured since there
are no separate NACE codes for non-circular and circular activities in these sectors. The bottom-
up method however, (partly) compensates in identifying these.

Due to their self-reporting nature and lack of auditing, the codes which are assigned to firms can
be wrong or outdated. Moreover, companies engaging in multiple activities are required to
choose a single primary NACE-code.

These limitations impact the accuracy of the data which is generated. Nonetheless, this
method does contribute to identifying CE firms which may not have been identified by the PMB
representatives, as shown in figures 2, 3, and 4.

Since it is not possible to filter results based on port area, the closest granularity filtering was
chosen, namely post codes. This query generated a list of 375 firms for Port of Antwerp-Bruges,
360 for North Sea Port, and 92 for Port of Ostend. Since post code regions range further than the
geographical port area, these results included firms which are located outside of the port area.
Elimination of these firms was done by manually comparing each firm’s location on Google Maps
to the respective port’s company guide or port map. If there was an overlap, the firm was marked
as being located in the port area. The full lists were then sent to the respective PMB
representatives for confirmation. This filtering led to a list of 93 core CE firms for Port of Antwerp-
Bruges, 43 for North Sea Port, and 10 for Port of Ostend. The table below provides an overview of
the percentage error of using the post code generated list without checking whether the firms are
actually located in the port area.

Port Calculation Percentage error

375-93
375

360-43
360
92-10
92

Table 1: Percentage error of postcode generated list. Source: Authors based on calculations.

Port of Antwerp-Bruges 75% error

North Sea Port 88% error

Port of Ostend 89% error

Compilation of bottom-up and top-down lists

The bottom-up lists were compared with the top-down lists to identify any overlaps. For Port of
Antwerp-Bruges, the overlap amounted to 10 firms, for North Sea Port this figure was 12, while
Port Of Ostend had 5 overlapping activities. The total number of core CE activities for each port
respectively was therefore 105, 74, and 15. This is visualized in figures 2, 3 and 4.

For peripheral CE activities, the top-down method was not feasible, with only the bottom-up
method being used to compile the list of peripheral CE activities in the port area resulting in 17,
6 and 2 peripheral activities for each respective port.



Port of Antwerp-Bruges
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Figure 2: Overview of the sources for core circular activities in Port
of Antwerp-Bruges. Source: Authors based upon data collection
results.

Figure 3: Overview of the sources for core circular activities in
North Sea Port. Source: Authors based upon data collection
results.
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Figure 4: Overview of the sources for core circular activities in
Port of Ostend. Source: Authors based upon data collection

results.




Selection of CE activities relevant to the PMBs

Since the focus for PMBs is limited to recycling (R8) and recovery (R9), each firm in the list was
assigned its R-strategy number. Rental and leasing activities were classified as R3 (reuse), while
repair and maintenance activities were assigned as R4 (repair) activities. Recycling and
wastewater treatment were placed under R8 (recycle), and waste-to-fuel and waste-to-energy
activities classified as R9 (recover).

Figures 5, 6 and 7 show that whilst reuse (R3 - blue) and are not strategically
relevant to the PMBs, these still make up significant proportions of all the CE activities taking
place inthe port area. For both North Sea Port and Port of Ostend, almost half of the CE activities
relate to recycling (R8 — green), while for Port of Antwerp-Bruges, just over half the CE activities
are repair and maintenance activities. The share taken up by recovery (R9 - orange) activities
fluctuates between 2% and 20% across the three ports.

Port of Antwerp-Bruges
= Recover (R9)
2%
= Reuse (R3)
22%

Recycle
(R8)
23%

Repair (R4)
53%
m Reuse (R3) = Repair (R4) = Recycle (R8) = Recover (R9)

Figure 5: Distribution of circular activities by R-strategy in the Port of Antwerp-Bruges. Source: Authors based on
collected data (2025).



North Sea Port
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Figure 6: Distribution of circular activities by R-strategy in North Sea Port.
Source: Authors based on collected data (2025).

Port of Ostend
= Reuse (R3)
= Recover
(R9) 7%
20%

= Repair (R4)
27%

= Recycle (R8)
46%

m Reuse (R3) = Repair (R4) = Recycle (R8) = Recover (R9)

Figure 7: Distribution of circular activities by R-strategy in the Port of Ostend.
Source: Authors based on collected data (2025).



Results

a) Share of core CE activities in the port area
Port of Antwerp-Bruges

The share of circular economy activities which are relevant to ports and located in the port area
of Port of Antwerp-Bruges equates to 4.45%. This share remains stable when looking both at the
specific port areas of Antwerp (4.44%) and Zeebrugge (4.5%). These shares are visualized in

figures 8,9 and 10.

Port of Antwerp-Bruges (Antwerp)

= Recycle (R8)
4%

= Recover (R9)
0%

= Other
96%

= Recycle (R8) = Recover (R9) = Other

Figure 8: Share of circular economy activities which are relevant to ports and located in the port area - Port of
Antwerp-Bruges, Antwerp region. Source: Authors based on collected data (2025).

Port of Antwerp-Bruges (Bruges)
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Figure 9: Share of circular economy activities which are relevant to ports and located in the port area - Port of
Antwerp-Bruges, Bruges region. Source: Authors based on collected data (2025).



Port of Antwerp-Bruges
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Figure 10: Share of circular economy activities which are relevant to ports and located in the port area - Port of
Antwerp-Bruges. Source: Authors based on collected data (2025).

In absolute terms, this is a total of 26 activities, nine of which were identified through the bottom-
up method, eight through the top-down method, and nine overlapping. Two are recovery
activities, while the remaining 24 are recycling activities. Most (21) of the activities are located in
the Antwerp zone with just 5 in Zeebrugge.

North Sea Port

At North Sea Port, 45 out of 550 companies engage in a port-relevant circular activity as part of
their core business. This amounts to 8.18% of all active companies in the port area. 38 of them
are recycling activities, while the remaining 7 are recovery activities. Almost two thirds (29) are
located on Belgian territory, while 16 are located across the border on the Dutch part of North
Sea Port. This share is visualized in figure 11, below.

North Sea Port
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Figure 11: Share of circular economy activities which are relevant to ports and located in the port area of North Sea
Port. Source: Authors based on collected data (2025).



Port of Ostend

For Port of Ostend, the share of circular economy activities which are relevant to ports and
located in the port area amounts to 23.26%. A visual representation of this is presented in figure
12.

In absolute terms, this is a total of 10 activities, five of which were identified through the bottom-
up method, one through the top-down method, and 4 overlapping. Three are recovery activities,
while the remaining seven are recycling activities.

Port of Ostend

Recycle (R8)
16%

= Recover (R9)
‘ 7%

Other
77%

Recycle (R8) = Recover (R9) Other

Figure 12: Share of circular economy activities which are relevant to ports and located in the port area of the Port of
Ostend. Source: Authors based on collected data (2025).

b) Share of peripheral CE activities in the port area

Port of Antwerp-Bruges

Beyond the core CE activities taking place in the Port of Antwerp-Bruges, 2.91% of the port
companies are involved in peripheral CE activities. Since all of those identified are located in
the Antwerp region, the share of peripheral CE activities for the Zeebrugge region is 0%, while
that for Antwerp is 3.59%. This amounts to 17 firms, with most of them conducting recycling
activities, and just two of them operating in waste-to-fuel activities.

North Sea Port

For North Sea Port, the share of peripheral CE activities is 1.09%, composed of 6 firms, equally
shared amongst recycling (R8) and recovery (R9) activities. Four of them are located on Belgian
territory, while the remaining two are located in the Dutch area of the port.

Port of Ostend

8.7% of the firms in the Port of Ostend take part in peripheral CE activities. Concretely, this
amounts to one firm in the waste-to-energy sector (R9), and one involved in recycled materials.



Limitations

Due to the significant difference in size between Port of Antwerp-Bruges and North Sea Port on
one hand and Port of Ostend on the other hand, it is important to critically analyse the results.
Not considering this would lead to percentage distortion when comparing the results across the
different ports.

One of the main limitations of this indicator is that it does not consider the size or R-level of the
circular activities. The impact of a few large CE firms operating at a higher R-level could be greater
than the impact of many smaller firms operating at lower R-levels. As the circular economy
matures, the indicator(s) could further evolve to including weightings based on size and R-level.
Other than that, some data limitations which are mentioned in the method section also influence
the accuracy of the results.

The identification of CE activities remains a challenging feat. Regulators could play a role in this
by, for example, introducing CE certifications for firms with core CE activities as well as
peripheral CE activities.

When it comes to the peripheral CE activities, these are particularly difficult to identify, which
means that the result of this indicator is very likely to be an underestimation of reality. One way
in which this could be overcome is through a survey sent out by the PMBs to the port companies.
Moreover, peripheral CE activities are defined as those CE activities which generate revenue for
a firm but are not (one of) the main source(s) of revenue. This definition does not consider how
much revenue the activity contributes to the firm, meaning that there is no differentiation
between an activity which contributes to, for example, 35% of the company’s revenue, or 0,1%.
Either way, the difficulty of measuring this is found the fact that many of these peripheral
activities are not completely cut off from traditional, linear activities, making it even harder to
differentiate between them.

Future monitoring

The first measurement of this indicator required, amongst others, the development from scratch
of a database listing the various firms taking part in CE activities in the port area. For this, a top-
down and bottom-up data collection was used. For iterative measurements of this indicator,
however, this may not be necessary. The database which has been developed can be maintained
by updating CE-related firms which join or leave the port area. For future measurements of the
indicator, the denominator showing the total number of companies present in the port area may
also have to be updated.



Indicator 2: Number of CE projects located in the port
area.

Strategic relevance

By identifying circular projects taking place in the port area, this indicator highlights potential
future CE activities and gives an indication of the types of activities are likely to emerge.
Nonetheless, this is not a guarantee as the transition from a project to an activity depends on a
set of determinants which are influenced by a variety of factors. The profitability of a circular
project could for example depend on the price of linear alternatives. Also, the set-up of a
temporary project often requires a lower financial investment than that of a permanent activity.
Therefore, although CE projects do give an indicator of possible future CE activity trends, it is
important to recognize that this transition is not always a smooth one.

Definition

Circular activities which are not (yet) profitable, are (still) reliant on subsidies, and/or have a
limited timeframe. For the definition and scope of circular activities, please consult Indicator 1:
Share of circular activities in the port area. Projects can either be part of, orindependent of port
companies. For example, a research project on a new recycling method could be set up
independently or as part of the R&D department of a firm already present in the port area.

This indicator gives more insight into the future potential of circular activities in the port area, as
many of these start as a timebound project or start-up which takes time to become financially
independent.

Examples

A pilot plant testing out CCU processes, a recycling plant which is not (yet) profitable.

Measurement and unit
Calculation: Sum of all known CE-related projects taking place in the port area.

Unit: Integer

Data sources

List of CE projects: PMBs

Method

The PMB lists all the known CE-related projects taking place in the port area. This can be gathered
from, amongst others, internal knowledge or news articles.



Results
Port of Antwerp-Bruges

For the Port of Antwerp-Bruges, 20 CE projects were identified, all of which are located in the
Antwerp region. 15 of the projects related to recycling (R8), more often than not, chemical
recycling, while the remaining five mostly composed of waste-to-fuel projects (R9).

North Sea Port

A total of ten CE projects were identified for North Sea Port. Seven are located in Gent, while the
remaining three are found in Terneuzen. Most of the projects are pilot projects with a limited
timeframe. Seven relate to recycling (R8) and three relate to waste-to-fuel and energy recovery
processes (R9).

Port of Ostend

For Port of Ostend, three CE projects were identified, two of which process waste to secondary
raw materials (R8), and one which is focused on energy recovery (R9).

Limitations

One of the main limitations of this indicator is that the results are likely an underestimation of
reality. The number of CE projects which are identified are limited by what the port companies (in
case of internal CE projects) and projects themselves communicate to the PMB. Internal
projects, especially when they are still in their research phase, are often confidential and thus
not known to the PMBs.

Another limitation of this indicator is that it does not give an indication of the projects’ potential
to become a CE activity (i.e. profitable and no longer time bound). Moreover, there is no
guarantee that a CE project will one day become a CE activity, as the transition from a project to
an activity depends on a set of determinants which are influenced by a variety of factors. The
profitability of a circular project could for example depend on the price of linear alternatives.
Also, the set-up of a temporary project often requires a lower financial investment than that of a
permanent activity that requires upscaling. Therefore, although CE projects do give an indicator
of possible future CE activity trends, it is important to recognize that this transition is not always
a smooth one.

Either way, this indicator gives both PMBs and policy makers a first insight into which CE projects
could shape the future of CE in ports.

Future monitoring

Once a dataset is set up of the various CE projects taking place in the port area, the dataset can
be updated when necessary to add new projects and remove those which are no longer active.
Future versions of the indicator could include the projects’ potential of becoming a CE activity.



Indicator 3: Share of CE startups with the potential of
moving to the port area in the mid- to long term.

Strategic relevance

The strategic relevance of this indicator is low for PMBs but high for Circular Flanders, highlighting
a discrepancy amongst stakeholder priorities. While PMBs are primarily focused on current
activities and cargo flows in the port area, Circular Flanders is interested in the future potential
of CE activities, including those which are still in an early stage of development. This difference
in priorities affected the willingness of PMBs to invest time and resources in the measurement of
this indicator.

Definition
CE startups

Startups or early-stage ventures whose core business activity relates to the circular economy.
For the definition and scope of circular activities, please consult Indicator 1: Share of port-
relevant CE business activities located in the port area.

It should be noted that not only startups are looking into new CE activities; mature companies
are also looking to venture into new circular areas. However, for the scope of this indicator, the
focus is limited to startups and early-stage ventures.

Potential of moving to the port area

Startups which have the ambition or the conditions to establish (part of) their operations in the
geographical port area in the mid- to long-term future. This includes startups which may benefit
from the port's infrastructure, logistics connections, access to material flows, or proximity to
potential industrial partners.

Port area

This is defined as the official geographical boundary of the port area and was chosen to ensure
feasibility of the indicator. A critique, however, is that in practice, startups are more likely to settle
just outside the port area, in the broader port cluster, rather than within the official port
boundaries.

Examples

A startup developing a new chemical recycling process that requires access to large volumes of
plastic waste imports, a startup developing CCU technology targeting industrial emitters in the
port area.



Measurement and unit

Calculation:

Number of CE startups with the potential of moving to the port area in the mid — to long term

100
Total number of CE startups in the port region X

Unit: %

Data sources

List of CE-relevant incubators and accelerators: PMBs, desk research

Data on CE startups and their potential link to the port area: Incubators and accelerators

Method

1. Identification of incubators and accelerators in the port region through desk research and
PMB input.

2. Semi-structured interviews with incubators and accelerators to collect required data on CE
startups, their activities, and their potential link to the port area.

3. Analysis of insights uncovered during interviews.

For the Ghent region (North Sea Port), the following CE-relevant incubators and programmes
were identified: Windcircus, Biotope, Circular Kickstart, and CAPTURE. For the West Flanders
region (Port of Antwerp-Bruges / Bruges region and Port of Ostend), Bluebridge / POM West-
Vlaanderen was identified and contacted. For the Antwerp region, incubators were contacted but
unavailable for an interview.

Results

The relevance of this indicator was too low for a full measurement to occur. Nonetheless, some
insights were gathered from the few interviews which took place. Due to the low response rate,
the insights are brought together without any differentiation amongst the three port partners.
Furthermore, results should be interpreted as first insights relating to the topic rather than a
generalisation of the state of circular startups in and around the port area.

Key insights across all ports

The number of CE startups with a realistic potential of moving to the port area is very low with just
approximately one in total across all ports over a five-year period. Incubators either do not have
any CE activities in their portfolio, or the CE activities they support do not have the ambition to
move to the port area in the future. Startups are more likely to work for, with, or be acquired by
companies already present in the port area rather than physically relocating.



For example, startups may be brought in to try out new techniques or to support repair activities
for port companies. If startups do settle near the port, they are more likely to locate just outside
the port area, in the broader port cluster rather than within the official port boundaries. Space
availability is more important than whether the location is technically inside the port area.

Scale is a fundamental challenge for CE startups aiming for industrial-level operations. As long
as there is no scale, it is difficult to form a business case at the industrial level. For plastics
recycling, for example, there is high potentialin port areas since imports would be needed to get
sufficient volumes. Some incubators (e.g. De Punt) are oriented towards social economy
activities such as sorting and processing waste streams, building materials, textiles, food, repair,
electronics, and rental/sharing models, rather than industrial-scale CE activities. These
organisations focus on training unemployed and/or low-skilled workers, providing basic work
ethic training, and raising awareness about CE principles such as reuse over disposal.

Wood recycling (e.g. pallet recycling) was identified as an activity that cannot yet be automated
and still requires manual labour, presenting high potential for social inclusivity. The main
potential link to ports for social economy organisations was found in the import of waste
streams. Collaboration between companies, training providers, and repair services (e.g. for
spare parts) was highlighted as an area where startups could add value to the port ecosystem.

Limitations

The main limitation of this indicator is that the results are based on a very small number of
interviews, making it impossible to draw generalisable conclusions. The low response rate is
itself an indicator of the limited relevance of this topic for the contacted organisations.

Difficulties in identifying which startups have the future potential to move to the port area in the
mid- to long-term future were significant. Most startups were still in the exploratory or project
phase, making it too early to identify any potential links to the ports.

Another limitation is that the indicator assumes a spatial logic of startups moving into the port
area that does not correspond to how CE startups relate to ports in practice. Startups are more
likely to integrate into port ecosystems through collaboration, acquisition, or proximity in the port
cluster, rather than through physical relocation into the official port area.

Furthermore, this indicator does not capture the role of mature companies venturing into new CE
activities, which may represent a more significant source of future CE development in the port
area than startups.

Future monitoring

Given the very low relevance and response rate encountered during the first measurement
attempt, future monitoring of this indicator would require a reassessment of its scope and
definition. If maintained, the indicator could be expanded to include not only startups but also
new CE ventures by existing companies. The spatial scope could also be broadened to include
the wider port cluster rather than being limited to the official port area. Closer collaboration with
regional innovation agencies and incubators would be necessary to improve response rates.



Indicator 4: Share of tenders and concessions which
include a circular procurement policy.

(ai): Share of infrastructure tenders which include a CE clause.
(aii): Share of maintenance and repair tenders.
(bi): Number of CE clauses in general concession requirements.

(bii): Share of concession contracts of which the goal is a CE activity.

Strategic relevance

While the strategic relevance of this indicator was found to be rather low for the PMBs, this isone
of the few indicators on which the PMB has a direct influence. From a circular perspective, this
indicator looks at various elements including maintenance and repair, reuse, and the integration
of secondary resources in infrastructure and building. Despite this direct influence, PMBs
generally did not consider circular procurement to be within their mandate beyond what is
already legally required.

Definition
This indicator is split into two main themes, namely infrastructure on the one hand and
concessions on the other.

CE clause (infrastructure)

This investigates the CE-related criteria set in new infrastructure tender specifications, such as
the building of a new bridge, road, terminal, breakwater, or pipeline. Following the definition of
the circular economy, any clauses which relate to the retention and maximisation of the value
of the proposed infrastructure classify as a CE clause. This includes, but is not limited to:

- Design for disassembly and repairability

- Maintenance requirements

- Use of recycled or secondary materials

- Resource efficiency requirements (e.g. designing a steel bridge to use less steel)
- Modular building or multi-use design to ensure a longer lifetime and extend value
- End-of-life clauses

- Environmental impact cost calculations based on LCA

- Shared ownership or multi-use provisions (e.g. heat energy pipelines)

Maintenance and repair tenders

This relates to the infrastructure tenders for the repairs and maintenance of existing
infrastructure.

CE clause (concessions)

This looks at the number of circular economy related clauses which are included in the general
terms that apply to all concession contracts. The scope of this indicator is limited to CE
specifications which are beyond the legal requirements (e.g. basic waste management
policies).



Concession contract with a CE activity as its goal

This looks at whether the primary purpose of new concession contract is a circular economy
activity. For the definition and scope of CE activities, please consult Indicator 1: Share of port-
relevant CE business activities located in the port area.

Examples

ai) infrastructure tender requiring at least 20% of materials to be secondary
aii) a tender for the repair of the port quays

bi) a concession requirement stating the need for a waste and water treatment plan beyond legal
obligations

bii) a concession contract for a new recycling facility

Measurement and unit

Calculation:

Total # of infrastructure tender specifications which include CE references %100

ai)

Total # of infrastructure tender specifications

Total # of maintenance and repair tenders 100

aii
) Total # of infrastructure tenders

bi) Sum of all CE clauses in general concession requirements (integer)

Total # of concession contracts whose goal is a CE activity %100

bii)

Total # of new concession contracts

Unit:

% (for 4ai, 4aii, and 4bii)

Integer (for 4bi)

Data sources

Tender specifications and concession contracts: PMBs (legal/procurement departments)

Overview of legal CE requirements: Regulatory authorities




Method

The first step in measuring this indicator is to identify the relevant tender specifications and
concession contracts from the PMBs. The PMBs were asked to provide an overview of their
infrastructure tenders and concession contracts, along with any CE-related clauses included in
these documents. Each clause was then assessed against the definition of CE criteria outlined
above to determine whether it qualifies as a circular procurement specification beyond the legal
requirements.

For the concession sub-indicators, the general concession terms applicable to all contracts
were reviewed to identify any CE-related clauses. Additionally, new concession contracts were
assessed to determine whether the primary goal of the concession is a CE activity. The
identification of what constitutes a legal requirement versus a voluntary CE specification proved
to be a significant challenge, as the regulatory baseline differs across jurisdictions and is not
always clearly delineated.

Results

Duetoits lowrelevance forthe PMBs, these indicators only reached the conceptualization phase
and were not actually measured.

Limitations

One of the main limitations of this indicator is that there is no check on whether the circular
procurement policy is ambitious enough for the given tender. A tender that includes a single,
superficial CE clause is counted the same as a tender with comprehensive, ambitious circular
requirements. The indicator does not differentiate between, for example, a requirement for 1%
recycled material versus 40% recycled materials. The indicator also does not account for the
area or scale of the tender or concession. A small maintenance contract is weighted equally with
a major infrastructure project.

Furthermore, the indicator does not assess the CE level of the clauses included. A clause
requiring modular design (higher R-strategy) is of equal value as a clause requiring basic waste
sorting (lower R-strategy).

The identification of CE clauses in tender specifications and concession contracts requires legal
and technical expertise, as these are complex legal documents. What qualifies as a "CE clause"
involves qualitative judgment, which introduces subjectivity into the measurement. A further
limitation is that the legal baselinei.e. what s legally required versus whatis voluntarily included,
is not standardised across ports or jurisdictions, making cross-port comparison difficult.

The repeated reformulation of this indicator during the development process (from a single
indicator to two parts, then to four sub-indicators) reflects the inherent complexity of the
concept, which could not be fully resolved.

Finally, the low strategic relevance perceived by PMBs meant that limited time and resources
were allocated to the data collection for this indicator, further constraining the measurement
effort.

Future monitoring



For future measurements of this indicator, a clearer delineation of the legal baseline would be
required, potentially through collaboration with regulatory authorities. A standardised checklist
of CE clause types could be developed to facilitate more consistent identification across ports.

Future versions of the indicator could include a weighting system based on the ambition level or
R-strategy level of the CE clauses identified. Additionally, if digital tender management systems
are adopted, automated identification of CE-related keywords in tender specifications could
reduce the manual effort required.

Given the current low relevance for PMBs, this indicator may benefit from being reframed to
emphasise the direct influence PMBs have on circular procurement, positioning it as a tool for
PMBs to track their own progress rather than as an externally imposed measurement.



Indicator 5: Number of CE-related platforms in the
port region.

Strategic relevance

The strategic relevance of this indicatoris low for PMBs. PMBs already act as industrial symbiosis
matchmakers, bringing different actors together to identify CE opportunities and facilitate
transactions. As such, a separate indicator counting CE-related platforms was considered
redundant by the PMBs. Nonetheless, from a policy perspective, the existence and activity of CE
platforms in the port region can provide insights into the enabling environment for circular
activities.

Definition

CE-related platform

A CE platform is a network of actors and players which enhances collaboration, and/or
knowledge transfer in the context of the circular economy. This indicator aims to identify
incentives and structures that support industrial symbiosis.

The types of platforms which fall under this definition include:

Digital or online platforms: Digital tools or marketplaces which facilitate the exchange of waste,
by-products, or secondary materials between companies. Digital platforms in particular can play
an effective role in identifying potential value in waste streams and material flows, connecting
stakeholders, and facilitating transactions.

Matchmaking role of PMBs: The active role that PMBs play in bringing potential partners together,
for example by identifying opportunities where the waste of one company can be used as input
for another

CE networking events: Events, workshops, or forums organised within or for the port cluster
which bring different actors together to identify CE opportunities.

Platforms can be organised by internal or external parties, but their focus should be on the
(internal) port cluster. The CE opens opportunities for partnerships with new stakeholders which
might not have been considered before, with the link being that the waste of one company can
be used as input for another, even though they might be in very diverse industries.

Port region

The port region is defined as the broader area surrounding the port, not limited to the official
geographical boundary of the port area. This broader scope was chosen because CE platforms
often serve a regional function and are not confined to the port area itself.

Examples

Smart Delta Resources network, a CE networking and matchmaking event, or an online material
exchange marketplace for companies in the port area.



Measurement and unit

Calculation: Sum of all known CE-related platforms active in the port region.

Unit: Integer

Data sources

List of CE platforms: PMBs, desk research, port stakeholders

Method

The PMBs were asked to identify all known CE-related platforms active in their respective port
regions. This includes platforms which they organise themselves (e.g. matchmaking activities),
as well as platforms organised by external parties but serving the port cluster. Desk research was
used to supplement the PMBs' input, including a review of publicly available information on CE
initiatives in the port regions.

Results

Duetothe low strategic relevance of thisindicator for the PMBs and the difficulties in establishing
a clear definition of what constitutes a "platform," a full measurement of this indicator was not
carried out.

Limitations

The main limitation of this indicator is its low relevance for PMBs, who already see themselves as
performing the matchmaking and platform function that this indicator is designed to measure.
This meant that limited effort was invested in the data collection, and the indicator was
effectively deprioritised.

A second limitation is the lack of a clear and consistent definition of what constitutes a CE
platform. The definition spans categorically different types such as digital marketplaces,
networking events, and the PMB's own facilitation role, which resist being counted together as
equivalent units. A one-off networking event and an ongoing digital marketplace are not
comparable, yet both would count as one platform under this indicator.

Related to this, the indicator does not capture the quality, scale, or impact of the platforms
identified. A large, active digital platform with hundreds of users is counted the same as a small,
occasional networking event. The boundary between a CE platform and a more general business
network or industry event is also unclear. Many business networks may incidentally facilitate CE
activities without being explicitly CE-focused.



Future monitoring

Given the definitional and relevance challenges encountered, future versions of this indicator
may need to be substantially redesigned. One option would be to shift from a simple count to a
qualitative assessment of the types and activity levels of CE platforms in the port region. Another
option would be to merge this indicator with a broader assessment of the CE enabling
environmentin the port cluster, rather than treating platform counting as a standalone indicator.

If the indicator is maintained in its current form, a clearer typology of platform types (digital,
matchmaking, event-based) would be needed, along with minimum criteria for what qualifies as
a CE platform (e.g. minimum frequency of activity, minimum number of participating
organisations).



Indicator 6: Share of sorted waste generated onboard
ships.

Strategic relevance

The strategic relevance of this indicator is moderate. According to the 2025 ESPO Environmental
report, 84% of respondents monitor ship waste. However, the direct relevance of this indicator
for PMBs is limited, as the sorting of waste generated onboard ships falls outside of their direct
control. Nonetheless, PMBs can still influence sorting practices onboard ships though both
financial and non-financial. Financial incentives could include discounted port fees or waste
handling charges for vessels delivering pre-sorted waste streams while an example of a non-
financial incentive could be providing ships with separate bags or labelled stickers to facilitate

sorting onboard.

Definition

Sorted waste

For this indicator, sorted waste is defined as all the waste which is classified into specific
categories. These could be, but are not necessarily based on the MARPOL Annex V
Implementation guidelines and recommendations for separating garbage types presented

below:
- rags operational waste
- recyclable material e-waste generated on board
- cookingoil garbage that might present a hazard
- food waste to the ship or crew
- glass special items like medical waste,

aluminium cans

paper, cardboard, corrugated board
wood

metal

plastics

domestic waste

outdated pyrotechnics and
fumigation remnants
animal carcasses

fishing gear

incinerator ashes



Since the categories “domestic waste” and “operational waste” only differentiate on the origin
of the waste and not the type of waste, and can thus encompass many different types of waste,
these categories are considered as non-sorted waste for this indicator.

Examples

Plastics, food wastes

Measurement and unit

Calculation:

Sorted ship waste delivered to the port (m3)

100
Total ship waste delivered to the port (m3) x

Unit: %

Data sources

Ship waste database: PMBs

Method

For ship waste, no further data manipulation of the 2024 databases was required. The share of
sorted waste was calculated by summing all separately collected waste categories, with the

exception of "other", "garbage: other", "other substances". Unless a specific waste type was
indicated, the categories "household waste" and "operational waste" were also excluded.

For waste collected from inland waterways, additional data processing was required prior to
calculation, since the database was composed of various units. Specifically, bilge water and oil
were reported in liters, while paper, wood, plastic and metal were recorded in kilograms,
household waste in 60 liter bags, items such as light bulbs in unitary pieces, and ship waste in
cubic meters. In order to standardize the data, all data was converted to cubic meters as a
common unit. Household waste bags were converted using a volume of 0.06 m® per bag,
corresponding to a standard 60-litre bag. For data reported in kilograms, an internationally
recognised conversion rate of 200 kg per cubic metre for general mixed waste was applied.

Given that only a negligible percentage (3%) of the records were unitary items, and that there is
no accurate method to convert these into cubic metres, these datapoints were omitted from the
calculations.

Results
Port of Antwerp-Bruges

For the Port of Antwerp-Bruges, the share of sorted waste generated onboard ships amounts to
98.56%. In absolute terms, this corresponds to 2,105,597 m? of sorted waste out of a total of



2,136,317 m® collected, with the remaining 30,720 m® classified as non-sorted waste. A visual
representation of this is provided in figure 1.
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Figure 2: Visual representation of the share of sorted maritime ship waste delivered in the Port of Antwerp-Bruges.
Source: Authors based upon ship waste data (2025).

For waste collected from inland waterways, the share of sorted waste is notably lower at 68.63%.
In absolute terms, 4,020 m® of the total 5,858 m® collected is sorted waste, while the remaining
1,837.92 m?is non-sorted. This is visualised in figure 2.
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Figure 3: Visual representation of the share of sorted ship waste delivered from inland waterways in the Port of
Antwerp-Bruges. Source: Authors based upon ship waste data (2025).

North Sea Port



For North Sea Port, the share of sorted waste generated onboard ships amounts to 80.84%. In
absolute terms, this equates to 8,334 m?® of sorted waste out of a total of 10,309 m? collected,
with the remaining 1,975 m°® classified as non-sorted waste. Figure 3 presents this visually.

No data was available for waste collected from inland waterways.
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Figure 4: Visual representation of the share of sorted maritime ship waste delivered in North Sea Port. Soucre:
authors based upon ship waste data (2025).

Port Oostende

The share of sorted waste generated onboard ships for the Port of Ostend, amounts to 24.49%.
In absolute terms, this represents 59 m?® of sorted waste out of a total of 240 m® collected, with
the remaining 182 m® classified as non-sorted waste. A visualization of these shares is provided

in figure 4.

No data was available for waste collected from inland waterways.
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Figure 5: Visual representation of the share of sorted maritime ship waste delivered in the Port of Ostend. Soucre:
authors based upon ship waste data (2025).

Limitations

A key limitation lies in the interpretation of this indicator due to the absence of a standardised
legal reporting framework for waste categories across ports. Whilst MARPOL V guidelines and
recommendations exist, these remain advisory rather than mandatory. As aresult, each port may
apply different reporting principles and classification styles, meaning that what is recorded as
sorted waste in one port may be reported differently in another and that waste which is classified
as “other”, may still be sorted waste. This limitation highlights the need for a harmonised
reporting framework across ports, which would allow for more accurate cross-port comparisons
in future monitoring cycles.

Beyond reporting differences, there are also practical questions surrounding what "sorted"
waste means in practice. Even when waste is sorted onboard, separately sorted bags are often
placed in a larger single bag for ease of collection, which makes it unclear to what extent the
separation of waste is maintained throughout the waste chain. On the other hand, data is often
only reported following a first treatment of the waste, meaning that the data of sorted waste could
be the result of the first sorting done by the waste processor rather than by the ship crew.

Future monitoring

For iterative measurements of this indicator, the share of sorted waste can be recalculated by
summing the sorted waste categories for the relevant monitoring year, following the same
method as explained above.



Indicator 7: Share of circular cargo streams.

Strategic relevance

The strategic relevance of this indicator is high since ports have the potential to play a significant
role as secondary resource and material processing hubs. This indicator builds on that notion by
looking beyond the port area itself, offering insight into the extent to which ports are facilitating
circular supply chains through their cargo flows.

Definition
The share of total cargo streams which is made up of circular materials and products.

Circular materials and products

Any waste or secondary materials which have undergone, or are intended to undergo, one of the
R3 to R9 strategies of the 9R framework, namely reuse, repair, refurbishment, remanufacturing,
repurposing, recycling, or recovery through waste-to-fuel conversion. For more information on
the 9R framework, please consult Indicator 1 (Share of port-relevant CE business activities
located in the port area).

Circular cargo thus includes waste as defined in Indicator 8 (Share of non-recycled waste
generated in the port area), secondary raw materials as defined in Indicator 11 (Share of waste
processed in the port area), as well as by-products, second-hand goods, and refurbished goods.

Cargo streams

For this indicator, cargo streams are limited to those via maritime and inland waterways due to
the lack of data availability on cargo streams via road and rail transportation.

Bulk cargo streams

Table 1 presents a standard framework of cargo streams based on the categories used by the
different researched ports. It should be noted that the actual categorisation differed from one
port to another. In some cases, certain categories were not separately recorded, meaning that
both circular and linear volumes were integrated into broader, undifferentiated categories. In
others, more granular circular-specific categories were available.



Table 2: Standardised categorisation of circular bulk carggo streams. Source: Authors based on focus group
discussions.

Stone waste
Contaminated soil and dredging sand
Wood waste (incl. sawdust, ...)
Paper waste
Rubber waste
Glass waste
Textile waste
Electronic waste (incl. batteries, accumulators, ...)
Vegetable and fruit waste (incl. soya meal, rapeseed meal, ...)
Vegetable and fruit by-products (incl. soybean pellets, soybean meal, ...)
Sludge
Natural fertilisers
Press cakes
Animal oils and fats (incl. fish oil)
Pyrolysis oil
Non-ferrous metal waste
Ferrous metal waste
Fly ash
Pitch and tar
Sand slag and metallurgical slag (incl. iron, steel, titanium, ...)
Gypsum (Only in by-product form, excluding natural gypsum. e.g. phospho-gypsum, sulfo-
gypsum)
Biofuel
- Wood waste as fuel
- Used cooking oils
- Biodiesel blends (<70%)
- Biodiesel blends (>70%)
- HVO
- Bioethanol
- SAF
- HEFA

Containerised cargo streams

Containerised circular cargo includes material streams such as plastic waste, electronic waste,
and second-hand appliances and machinery. For this category, data was collected based on
international HS codes. Whilst these codes include classifications for waste streams, they do
not always allow for a distinction between new, second-hand, or recycled materials. For
example, no separate goods code exists to differentiate between new and refurbished or second-
hand laptops. This means that the volumes of certain containerised circular cargo streams are
likely to be underestimated, since they cannot always be isolated from broader, undifferentiated
categories.



Examples

Scrap metal, biofuels, natural fertilisers, e-waste, used cooking oils, recycled plastic pallets,
construction waste, worn clothing

Measurement and unit

Calculation:
Circular cargo streams
x100
Total cargo streams
Unit: %

Data sources
Bulk cargo database: PMBs

Conatainerised cargo database: Customs data management department

Method

Given the data availability of the different cargo streams by maritime and inland waterway in- and
outflows, this indicator was split into four sub-indicators, each covering a separate cargo flow.
Namely, maritime inflow, maritime outflow, inland waterway inflow, and inland waterway
outflow. For each sub-indicator, the share of circular cargo was calculated by summing all
circular cargo categories as defined above and dividing the result by the total cargo volume for
that respective flow.

Results
Port of Antwerp-Bruges

For the Port of Antwerp-Bruges, the share of circular cargo across all maritime flows amounts to
10.17%. A disaggregation by flow direction reveals that the share of circular cargo is notably
higher for maritime outflow (13.8%) than for maritime inflow (6.6%), suggesting that the port
exports a proportionally larger share of circular materials than it receives. Avisual representation
of these shares is provided in figure 1.
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Figure 6: Visualisation of the share of circular maritime cargo streams for the Port of Antwerp-Bruges. Source:
Authors based upon cargo data (2024)

For inland waterway flows, the overall share of circular cargo for the Port of Antwerp-Bruges
amounts to 5.86%. In contrast to the maritime flows, the share is slightly higher for inflow (7.0%)
than for outflow (4.8%). In absolute terms, inland waterway flows handle considerably lower
volumes of circular cargo than maritime flows, with 3,483,493 tonnes of circular cargo arriving
and 2,492,610 tonnes departing via inland waterway, compared to 9,234,476 tonnes and
19,025,996 tonnes respectively for maritime flows. These shares are presented in figure 2 below.
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Figure 7: Visualisation of the share of circular inland waterway cargo streams for the Port of Antwerp-Bruges. Source:
Authors based upon cargo data (2024)

Since data is collected for the Port of Antwerp-Bruges as a whole, an analysis of the cargo
streams by region is unavailable for this indicator.
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An overview of the volumes and shares of circular cargo streams is provided in table 2.

Table 3: Overview of the volumes and shares of circular cargo streams for the Port of Antwerp-Bruges. Source:
Authors based upon cargo data (2024).

Cargo stream Maritime Inland waterway
Total inflow (tonnes) 139,697,754 49,760,931
Total in CE (tonnes) 9,234,476 3,483,493
Total in non-CE (tonnes) 130,463,278 46,277,438
Total outflow (tonnes) 138,052,533 52,220,858
Total out CE (tonnes) 19,025,996 2,492,610
Total out non-CE (tonnes) 119,026,537 49,728,248
Total % circular cargo (in + out) 10.17 5.86
% circular cargo inflow 6.61 7.00
% circular cargo outflow 13.78 4.77

North Sea Port

The share of circular cargo for North Sea Port accounts for 10.13% of total maritime flows.
Circular outflow shows a considerably higher share (22.12%) than inflow (4.94%). These shares
are visualised in figure 3.
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Figure 8: Visualisation of the share of circular maritime cargo streams for North Sea Port. Source: Authors based
upon cargo data (2024)

The results for inland waterway flows are higher with an overall circular share of 15.12%. Unlike
the maritime flows, the circular share is more pronounced for inflow (19.65%) than for outflow
(12.03%), driven by the 5,134,809 tonnes of circular cargo arriving via inland waterway. These
shares are shown in figure 4 below.
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Figure 9: Visualisation of the share of circular inland waterway cargo streams for North Sea Port. Source: Authors
based upon cargo data (2024)

Since data is collected for North Sea Port as a whole, an analysis of the cargo streams by region
is unavailable for this indicator.

A summary of the volumes and shares of circular cargo streams is presented in table 3.

Table 4: Overview of the volumes and shares of circular cargo streams for North Sea Port. Source: Authors based
upon cargo data (2024)

Cargo stream Maritime Inland waterway
Total inflow (tonnes) 46,309,684 26,134,374
Total in CE (tonnes) 2,288,892 5,134,809
Total in non-CE (tonnes) 44,020,792 20,999,565
Total outflow (tonnes) 20,011,299 38,144,234
Total out CE (tonnes) 4,426,701 4,587,919
Total out non-CE (tonnes) 15,584,598 33,556,315
Total % circular cargo (in + out) 10.13 15.13
% circular cargo inflow 4.94 19.65
% circular cargo outflow 22.12 12.03

Port Oostende

For the Port of Ostend, the share of circular cargo across all maritime flows amounts to 2.35%. A
disaggregation by flow direction shows that circular cargo accounts for 2.36% of total maritime
inflow, corresponding to 23,345 tonnes out of a total of 989,093 tonnes. Maritime outflow, by
contrast, records no circular cargo, with all 3,207 tonnes of outflowing cargo classified as non-
circular. A visual representation of these shares is provided in figure 5.

38



= Other
outflow
0.3%

s CEinflow = CE outflow

Port of Ostend (maritime)

= CE inflow
2.4%

= CE outflow
0.0%

Other inflow
97.3%

Other inflow = Other outflow

Figure 10: Visualisation of the share of circular maritime cargo streams for the Port of Ostend. Source: Authors based
upon cargo data (2024)

For inland waterway flows, the overall share of circular cargo is considerably higher at 56.84%.
The circular share is high both for inflow (45.53%), where 49,165 out of 107,977 tonnes are
classified as circular, and even more so for outflow (79.11%), where 43,372 out of 54,822 tonnes
of departing cargo are circular. These results suggest that whilst the Port of Ostend handles
relatively limited maritime circular cargo, its inland waterway flows are strongly oriented towards
circular material streams. This is in line with supply chain related trends associated with the
circular transition. Here it is expected that material flows become more local rather than global.

The shares of cargo inland waterway in- and outflow are shown in figure 6.
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Figure 11: Visualisation of the share of circular inland waterway cargo streams for the Port of Ostend. Source:

Authors based upon cargo data (2024).
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An overview of the various figures relating to circular and non-circular cargo streams for the
Port of Ostend is provided in table 4.

Table 5: Overview of the volumes and shares of circular cargo streams for the Port of Ostend. Source: Authors based
upon cargo data (2024).

Cargo stream Maritime Inland waterway
Total inflow (tonnes) 989,093 107,977
Total in CE (tonnes) 23,345 49,165
Total in non-CE (tonnes) 965,748 58,812
Total outflow (tonnes) 3,207 54,822
Total out CE (tonnes) 0 43,372
Total out non-CE (tonnes) 3,207 11,450
Total % circular cargo (in + out) 2.35 56.84
% circular cargo inflow 2.36 45.53
% circular cargo outflow 0.00 79.11

General insights and analysis

Across the two largest ports analysed, a consistent pattern emerges in maritime flows, where
outflow shows a considerably higher circular share than inflow. This suggests that Flemish ports
export proportionally more circular materials than they receive, pointing to a significant
opportunity for scaling up waste processing and other circular activities locally. Retaining and
processing circular material streams within the port area rather than exporting them would not
only increase the circular value of the port area but also contribute to greater resource resilience
by keeping materials within local and regional economies.

For inland waterway flows, the picture is more varied. At the Port of Antwerp-Bruges, the circular
share of inland waterway outflow exceeds that of inflow, while at North Sea Port, this dynamic is
reversed, with inflow taking on a higher circular share than outflow. This divergence illustrates
the diversity of port profiles and the extent to which circular cargo dynamics are shaped by each
port's specific industrial base, geographic position, and hinterland connections. The Port of
Ostend further underlines this diversity, with inland waterway flows recording a strikingly high
overall circular share of 56.84%, in sharp contrast to its modest maritime circular share of 2.35%.

Limitations

Due to the significant difference in size between the Port of Antwerp-Bruges and North Sea Port
on one hand and the Port of Ostend on the other hand, it is important to critically analyse the
results. Not considering this would lead to percentage distortion when comparing results across
the different ports.

A further limitation stems from the fact that many cargo categories do not differentiate between
circular and linear products or materials. For example, no distinction is made between
conventional plastic pallets and recycled plastic pallets, or between new and refurbished
smartphones. Since the categorisation relies on self-reporting, the category which best fits the
cargo type is selected, even though this might not be a perfect fit. This introduces a margin of
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error in the classification of circular cargo streams, which may lead to either an under- or
overestimation of the final results.

Moreover, this indicator does not give any indication of what will actually happen to the material
or product once it reaches its destination. Second-hand clothing, for example, may be exported
with the intention of reuse, yet end up being landfilled upon arrival.

With regard to bulk cargo data specifically, the lack of standardisation across ports presents an
additional challenge. Each port uses its own set of categories to classify bulk cargo, meaning that
direct comparisons between ports are difficult. In order to ensure a conservative and reliable
estimate, only those categories which could be identified as fully circular, or for which it could
be confirmed that the category is predominantly circular in nature, were selected as circular
cargo volumes. As a result, cargo streams which are partially circular but could not be classified
with sufficient certainty were excluded, meaning that the share of circular bulk cargo is likely an
underestimation of reality.

For containerised cargo, an important limitation is that only data on imports and exports outside
of the EU could be taken into account, meaning that intra-EU container flows are not captured in
thisindicator. Furthermore, whilst bulk cargo dataiis relatively accurate in terms of content, there
is considerably less control and oversight over what is actually inside containers. Customs
checks are based on random sampling and risk analysis rather than comprehensive inspection,
and the classification of containerised cargo relies heavily on self-reporting. This introduces a
significant risk of misreporting, whether intentional or not. Electronic waste, for example, is
frequently declared as new products, and discrepancies can arise between how cargo is
described upon loading and what is actually present upon arrival. An example is that of second-
hand laptops which are stacked without proper packaging, rendering them unusable by the time
they reach their destination, despite being reported as goods intended for reuse. As a result, the
accuracy of circular cargo volumes for containerised flows is inherently lower than for bulk flows,
and the true share of circular containerised cargo may differ considerably from what is reported.
Moreover, the complexity of identifying different circular containerized cargo streams
unfortunately meant that a data analysis for containerized cargo was not possible.

Afinallimitation relating to this indicator is that no data is available relating to road and rail cargo
streams. Due to the more localized nature of circular supply chains, it is likely that significant
volumes of circular goods and materials which flow in and through the ports are missed.

Future monitoring

For future measurements of this indicator, the share of circular cargo can be recalculated by
summing the circular cargo categories for the relevant monitoring year, following the same
method as outlined above. As data collection and data management improves, additional
categories of circular materials and products could be included which are currently captured
under general terms that do not distinguish between linear and circular cargo, thereby reducing
the underestimation of circular cargo volumes over time.

In future versions of the indicator, maritime and inland waterway containerised cargo, rail, and
road cargo could also be included, thus offering a more complete picture of circular cargo
moving through the port area. To facilitate this, closer collaboration with the data management
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department of customs authorities is recommended, so that more detailed and reliable data on
containerised cargo can be made available for analysis in future monitoring cycles.

Indicator 8: Share of non-recycled waste generated in
the port area.

Strategic relevance

The strategic relevance of this indicator is high both for PMBs (Port Managing Bodies) and for
Circular Flanders, as it looks at waste and resource stream, allowing the parties to identify the
value of waste which is generated in the port area.

Definition
The share of waste generated in the port area which is not recycled.
Waste

Waste is defined according to the definition set in EU legislation as “any substance, material or
object which the holder discards or intends or is required to discard” (EU Waste Framework
Directive 2008).

Non-recycled waste

Non-recycled waste is defined by all waste which is classified as D-coded or R1-coded waste
according to the EU’s Waste Framework Directive coding system. In other words, all waste which
is deposited, landfilled, released into water bodies, incinerated, or used for energy generation, is
defined as non-recycled waste. Table 1 gives an overview of the different disposal (D) and
recovery (R) codes with their definitions.

Table 6: Waste disposal and recovery codes. Source: EU Waste Framework Directive

Non-

recycled Definition Recycled Definition
waste
waste
D1 Depositinto or onto land, e.g. R2 Solvent reclamation/regeneration
landfill
D2 Land treatment, e.g. R3 Recycling/reclamation of organic
biodegradation of liquid or sludgy substances which are not used as
discards in soils solvents (including composting and
other biological transformation
processes)
D3 Deep injection, e.g. injection of R4 Recycling/reclamation of metals
pumpable discards into wells, salt and metal compounds
domes or naturally occurring
repositories
D4 Surface impoundment, e.g. R5 Recycling/reclamation of other
placement of liquid or sludgy inorganic materials

42



discards into pits, ponds or
lagoons
D5 Specially engineered landfill, e.g. R6 Regeneration of acids or bases
placementinto lined discrete
cells which are capped and
isolated from one another and the
environment
D6 Release into a water body, except R7 Recovery of components used for
seas/oceans pollution abatement
D7 Release into seas/oceans, R8 Recovery of components from
including sea-bed insertion catalysts
D8 Biological treatment resulting in R9 Oil re-refining or other reuses of oil
final compounds or mixtures
which are discarded by any of the
operations numbered D1 to D12
D9 Physico-chemical treatment R10 Land treatment resulting in benefit
resulting in final compounds or to agriculture or ecological
mixtures which are discarded by improvement
any of the operations numbered
D1to D12, e.g. evaporation,
drying, calcination
D10 Incineration on land R11 Use of wastes obtained from any of
the operations numbered R1 to R10
D11 Incineration at sea R12 Exchange of wastes for submission
to any of the operations numbered
R1to R11
D12 Permanent storage, e.g. R13 Storage of wastes pending any of
emplacement of containersin a the operations numbered R1 to R12
mine (excluding
temporary storage, pending
collection, on the site where it is
produced)
D13 Blending or mixing prior to
submission to any of the
operations numbered D1 to D12
D14 Repackaging prior to submission
to any of the operations numbered
D1to D13
D15 Storage pending any of the
operations numbered D1 to D14
(excluding temporary storage,
pending collection, on the site
where it is produced)
R1 Use principally as a fuel or other
means to generate energy
Port area

This is defined as the official geographical boundary of the port area and was chosen to ensure
feasibility of the indicator. A critique, however, is that this decision omits any waste generated
just outside of the port area which may have direct links with the port or activities taking place
in the port area.
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Examples

The release of wastewater into the sea, incineration of waste, energy recovery by using heat
generated from waste incineration.

Measurement and unit

Calculation:

D—cod and R1-coded waste generated in the port area

x100

Total waste production in the port area

Unit: %

Data sources

List of VAT numbers of port companies: PMBs

Tonnes of recycled and non-recycled waste generated in the port area: OVAM (MATIS)

Method

Once the list of VAT numbers of all the firms located in the port area was compiled and provided
by the PMBs, a significant amount of data cleaning was required before further analysis could be
done. First, duplicated entries were removed from the dataset, after which the corresponding
branch number was looked up for each VAT number. The reason for this is that data on waste
production is reported by branch rather than by firm which allows the data to be analysed
specifically for the geographical port area. Branch numbers were retrieved from the Crossroads
Bank for Enterprises (CBE) by searching for each individual VAT number and identifying which of
the branch numbers (in case of multiple branches) correspond to branches within the port area.
This was done by checking the location of each branch by comparing the registered address (via
Google Maps) to the respective port map. The list of branch numbers was then used as the basis
for further data extraction.

The MATIS team at OVAM (the Public Waste Agency of Flanders) was then able to extract data on
the tonnes of waste generated, as well as the whether the waste was processed through R-coded
(recovery) or D-coded (disposal) activities. For this, data for the year 2023 was used. It should be
noted that a share of the data consists of waste tonnes for which no D- or R-code was assigned.
This was 1% of the total tonnes of waste for the Port of Antwerp-Bruges, 0% for the Antwerp
region, 5% for the Bruges region, and 22% for the Port of Ostend. These tonnes were distributed
across the other categories proportionally, based on their respective shares.

The result of the indicator was calculated by adding all the D-coded and R1 coded waste and
dividing the result by the total waste produced. R1-coded waste was also included as part of D-
coded waste according to EU methods.

44



Results

Port of Antwerp-Bruges

For the Port of Antwerp-Bruges, the share of non-recycled waste amounts to 52% for the overall
port area. A disaggregation of these results across the two regions shows that the share for
Antwerp (60%), is significantly higher than that for Bruges (32%). A visual representation of this is
provided in figures 1, 2 and 3. The results imply that the waste management in Bruges is more
effective in that more of the waste produced in the port area goes to further processing and value
creation rather than simply disposal compared to the share in Antwerp. However, in absolute
terms, the tonnes of waste generated in the port area which are recycled is almost 60% higher in
Antwerp (403,895) than in Bruges (253,491).

Port of Antwerp-Bruges

Recycled

Non-
waste recycled
48% v
waste
52%
Non-recycled waste Recycled waste

Figure 12: Visual representation of the share of non-recycled waste generated in the Port of Antwerp-Bruges. Source:
Authors based on waste data from OVAM (2023)
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Recycled

waste
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Figure 13: Visual representation of the share of non-recycled waste generated in the Port of Antwerp-Bruges (Antwerp
region). Source: Authors based on waste data from OVAM (2023).
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Figure 14: Visual representation of the share of non-recycled waste generated in the Port of Antwerp-Bruges (Bruges
region). Source: Authors based on waste data from OVAM (2023).

North Sea Port

The number of available VAT numbers was insufficient to represent the total waste produced in
the port area. Thus, the calculation of this indicator for North Sea Port was not possible.

Port Oostende

For the Port of Ostend, the share of waste produced in the port area which is not recycled
amounts to just 30%. This result is rather aligned with the Bruges region of the Port of Antwerp-
Bruges, although in absolute terms, the number of tonnes of waste generated in the Port of
Ostend is just about a third of that produced in the Bruges region. The visualization of the result
of this indicator for the Port of Ostend is presented in figure 4.

Port of Ostend
Non-
recycled
waste
30%
Recycled
waste
70%
Non-recycled waste Recycled waste

Figure 15: Visual representation of the share of non-recycled waste generated in the Port of Ostend. Source: Authors
based on waste data from OVAM (2023).
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Limitations

Due to the multiple steps involved in the data collection and processing of this indicator, the final
result is dependent on the accuracy of each individual step. For example, missing VAT numbers
in the initial list provided by the PMBs affect the completeness of the dataset. In a few cases, the
firm represented by the VAT number provided by the PMBs did not have any associated branch
number in the port area. This could be because the branch in the port area is linked to a firm with
a different VAT number than the one provided by the PMBs. Another type of missing data in the
list of branch numbers is in the case of foreign companies since even though they have a VAT
number, they do not have a Belgian branch number. The addition of these missing data may lead
to an underrepresentation of the total amount of waste generated in the port area.

Moreover, manual error from the identification of branch numbers may be present. In order to
determine whether or not a branch was actually located within the port area, the address of each
branch was compared to the respective official port map using Google Maps. It could be that
branches located on the border of the port area were incorrectly considered as part of the port
area when they are actually located outside of the port area, or vice versa.

Although the reporting of waste generation data is compulsory, there was still a level of missing
data or incorrect reporting by port companies, waste collectors, or waste processors, which
impacts the accuracy of the final result of the indicator. Nonetheless, enforcement on accurate
and correct reporting is increasing, which means that the accuracy of the data is expected to
improve over time. It should be noted however, that the largest players are already included in
the dataset.

Future monitoring

In future measurements of this indicator, an update of the list of all companies present in the
port area is required. For each new entry, the branch number also needs to be consulted via the
CBE and added to the list of branch numbers which can then be used by the MATIS team at OVAM
to generate the required data for further calculation of the indicator.
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Indicator 9: Share of hectares in the port area taken
up by port-relevant core CE activities.

Strategic relevance

This indicator directly relates to the circular activities taking place in the port area, thus
visualizing the extent of the diffusion of the circular transition in the port. Given the scarcity of
space in the port area, the extent to which circular activities take up amounts of space is
particularly relevant to PMBs in their spatial planning and land optimization strategies. Indeed,
PMBs can play and are playing an active role in supporting CE transition by allocating scarce
space to circular activities.

Definition

The hectares of port area which are taken up by port-relevant core CE activities. For more
information on the definitions and scope of port area and port-relevant core CE-activities, please
consult Indicator 1: Share of port-relevant CE business activities located in the port area.

Examples

The area occupied by a recycling plant or a waste-to-fuel production facility.

Measurement and unit

Calculation:

Area occupied by CE activities

x100

Total port area

Unit: %

Data sources

List of Core CE firms: Bel-first database and PMBs (see Indicator 1: Share of port-relevant CE
business activities located in the port area).

Area of Core CE firms: PMBs, Google Maps estimates

Total port area (land, excluding water): PMBs

Method

In order to identify the total area taken up by port-relevant core CE activities in the port area, the
lists of core CE business activities compiled for Indicator 1 were used. The PMBs were then asked
to allocate the number of occupied hectares to each CE firm in the list. For these numbers, total
plot area was used, with the area data being found in concession agreements or through the
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PMB’s GIS data. In the case of missing data, an estimate was done by locating the relevant
facilities on Google Maps and using the area measurement function. This was done for four out
of the 45 core CE activities in North Sea Port and for 17 out of the 26 core CE activities in the Port
of Antwerp-Bruges.

The sum of the areas taken up by port-relevant core CE activities was then divided by the total
(land) port area for each port. The table below provides an overview of the data used in the
measurement of this indicator.

Table 7: Data used for calculations. Source: Authors based on data collection (2025)

Total area taken up by port- Total port area
relevant core CE activities (land, excl. sea)
Port of Antwerp-Bruges 101 11,782
Antwerp 68 9,351
Bruges 32 2,432
North Sea Port 542 9059
Belgium 219 4411
Netherlands 323 4648
Port of Ostend 28 459
Results

Port of Antwerp-Bruges

The share of hectares in the port area which are occupied by port-relevant core CE activities in
the Port of Antwerp-Bruges equates to 1%. This share remains identical when comparingit to the
specific port areas of Antwerp and Zeebrugge. The whole of the CE-occupied area is composed
on recycling (R8) activities. A visualization of the area taken up by recycling (R8) activities,
recovery (R9) activities, and any other non-port relevant CE activities or non-CE activities is
provided in figures 1, 2 and 3.

Port of Antwerp Bruges
Recycle
(R8)
1%
= Recover
(R9)
0%

Other
99%

Recycle (R8) = Recover (R9) Other

Figure 16: Visualisation of the share of hectares taken up by port-relevant CE activities for the Port of Antwerp-
Bruges. Source: Authors based on data collection process (2025).
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Figure 17: Visualisation of the share of hectares taken up by port-relevant CE activities for the Port of Antwerp-Bruges
(Antwerp region). Source: Authors based on data collection process (2025).
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Figure 18: Visualisation of the share of hectares taken up by port-relevant CE activities for the Port of Antwerp-Bruges
(Bruges region). Source: Authors based on data collection process (2025).

North Sea Port

For North Sea Port, port-relevant core CE activities take up 6% of the total port area. The
concentration of CE activities in terms of area in the Dutch region (7%) is higher than that in the
Belgian region (5%) of North Sea Port.

Aslightly higher percentage (7%) is found for the Dutch region of the port, while the share is lower
(5%) for the Belgian region of the port. Across the regions, all of the CE-occupied area is taken up
by recycling (R8) activities, except in the Belgian region, where 1% is allocated to recovery
activities. The different shares of hectares occupied in the port area are visualised in figure 2.
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Figure 19: Visualisation of the share of hectares taken up by port-relevant CE activities for North Sea Port. Source:
Authors based on data collection process (2025).
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Figure 20: Visualisation of the share of hectares taken up by port-relevant CE activities for North Sea Port (Belgian
region). Source: Authors based on data collection process (2025).
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Figure 21: Visualisation of the share of hectares taken up by port-relevant CE activities for North Sea Port (Dutch
region). Source: Authors based on data collection process (2025).

51



Port of Ostend

In the case of the Port of Ostend, 6% of the port area is occupied by port-relevant core CE
activities. The largest share (5%) is taken up by recycling (R8) activities, with the remaining 1%
being occupied by recovery (R9) activities.

Port of Ostend
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Recycle (R8) = Recover (R9) Other

Figure 22: Visualisation of the share of hectares taken up by port-relevant CE activities the Port of Ostend. Source:
Authors based on data collection process (2025).

General analysis and insights

It is interesting to note that for all three ports, recycling activities take up proportionally larger
areas than recovery activities. The main reason for this is that many recovery activities take the
form of heat recovery where the area is often limited to pipelines.

Compared to the share of port-relevant core CE activities taking place in the various port areas,
the share of hectares occupied by these activities is lower across all the analysed ports. In the
case of the Port of Antwerp-Bruges, 4% of the activities are CE activities. However, they only take
up 1% of the total port area. Likewise for North Sea Port, circular activities represent a larger
share of the total activities taking place, compared to the space which they occupy. In the Port
of Ostend, CE activities only take up 6% of the port area even though they represent 23% of all
businesses in the port. Table 2 gives an overview of the shares of CE activities compared to the
shares of port area which they occupy.
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Table 8: Overview of land use compared to the share of port-relevant core circular activities in the port areas. Source:
Authors based on calculations (2025).

% of port-relevant core CE % of land taken up by port-

activities relevant core CE activities
Port of Antwerp-Bruges 4% 1%
Antwerp 4% 1%
Bruges 5% 1%
North Sea Port 8% 6%
Belgium N/A’ 5%
Netherlands N/A’ 7%
Port of Ostend 23% 6%

This result implies that port-relevant core CE activities are more space efficient than other
activities taking place in the different ports. Besides the fact that the space taken up by recovery
activities may only be limited to pipelines, another reason for this may be the recycling activities
are able to enjoy geographical synergies. If a recycling plant gets a direct inflow from a firm in the
port area, or itis able to directly supply its recycled materials to another firm in the port area, the
need for storage space may be reduced, thus requiring less hectares for their activities. It should
also be noted that the area taken up by a CE activity does not necessarily correspond to the value
of the activity in economic or circular terms. A high value activity might occupy less space than a
lower value activity.

Limitations

Since the identification of the area taken up by port-relevant core CE activities relies on the list
of these activities set up for the measurement of Indicator 1 (Share of port-relevant CE business
activities located in the port area), any inaccuracies from this list are passed on to this indicator.
Therefore, data-related limitations for Indicator 1 are also relevant in this case and can be
consulted in the sheet “Indicator 1: Share of port-relevant CE business activities located in the
port area.”

Given the missing data for both North Sea Port and the Port of Antwerp-Bruges, results for these
must be analysed critically. Especially in the case of the latter where almost two-thirds of the
circular activities’ areas are based on estimations. Nonetheless, it is unlikely that accurate data
would significantly alter the results of the indicator. Another limitation of this indicator is that it
only considers core CE activities and leaves out peripheral ones. The reason for this is that it is
close to impossible to accurately identify the area of CE activities for plots on which non-circular
as well as circular activities take place.

Future monitoring

As the data of the indicator is based on the list of firms taking part in CE activities in the port area,
future measurements will depend on the updating of this database. An additional step would
also be to check whether any firms have expanded their land use between one time of monitoring

"Insufficient data available on the total number of firms present in the port area, split by region.
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and another. In future versions of the indicator, the area on which peripheral circular activities
take place could also be calculated.
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Indicator 10: Share of employment from port-relevant
core CE activities in the port area.

Strategic relevance

As areas of high economic activity and value, ports are seen as important drivers of employment.
Moreover, employment plays an important role in ports’ social license to operate. Identifying
what the circular transition in ports translates to in terms of employment is therefore relevant for
the parties involved.

Definition

The share of employment from port-relevant core CE activities in the port area. For more
information on the definitions and scope of port area and port-relevant core CE-activities, please
consult Indicator 1: Share of port-relevant CE business activities located in the port area.

For this indicator, employment is defined as the number of officially registered full-time
equivalents (FTEs). No distinction is made between employment in which the employee carries
out a circular activity (e.g. an operator) and one where the employee handles supporting or
overhead tasks such as a recycling plant’s accountant. The total number of full-time employees
working in the circular firm’s facility counts towards the indicator.

Examples

A full-time operator in a recycling plant, a full-time receptionist in a waste-to-fuel production
facility.

Measurement and unit

Calculation:

Number of FTEs employed in port relevant core CE activities 100
x

Total number of direct FTEs working in the port

Unit: %

Data sources

List of Core CE firms: Bel-first database and PMBs (see Indicator 1: Share of port-relevant CE
business activities located in the port area).

Number of FTEs in circular activities: Bel-first database, GraydonCreditsafe database,
CompanyWeb, PMBs, individual circular activity firms.
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Total direct FTEs for each port: Report on the Economic importance of the Belgian maritime
and inland ports (National Bank of Belgium) and the Dutch Port Monitor.

Method

The starting point of this indicator is the database developed for Indicator 1: Share of port-
relevant CE business activities located in the port area. For each CE firm in the database, the
number of FTEs was consulted through each firm’s annual statements found in the Bel-first
database or the GraydonCreditsafe database for the Dutch part of North Sea Port. In case this
data was not available, an additional search was done in the CompanyWeb database to extract
employment data from there. Since the scope of the indicator is limited to the port area, only
employees working in a facility located in the port area could be counted to the total number of
FTEs in circular activities. However, official employment records show FTE numbers at company
and not facility level. The total number of FTEs across all firm facilities are geographically
allocated to the firm’s headquarters. In the case of a firm with its only facility/ies located in one
port area, the whole number could be used to count towards this indicator. For firms with
multiple facilities, or firms for which no employment data was found through official databases,
the PMBs were asked to give estimates of the number of FTEs working in the plant(s) located in
the port area. In case the PMBs were unable to offer estimates, each firm with missing or
inaccurate official was contacted to request the number of FTEs employed in that specific
facility. Nonetheless, for some circular activities, missing data remained. An overview of the
number of circular firms for which employment data was extracted by source is provided in table
1.

Table 9: Overview of the number of circular firms for which employment data was found. Source: Authors based on
data collection process (2026).

Source: official Source: estimate Missing data
data
Port of Antwerp-Bruges 15 4 7
North Sea Port 29 13 3
Port of Ostend 9 1 0

Once the employment data was collected, the sum was made for each port and then divided by
the total number of direct FTEs employed in that port. Data of the latter was found through the
latest report on the Economic importance of the Belgian maritime and inland ports by the
National Bank of Belgium and through the Dutch Port Monitor for the Dutch part of North Sea
Port.

Results
Port of Antwerp-Bruges

The share of employment in port-relevant core CE activities for the port area of Port of Antwerp-
Bruges equates to 2%. This share only diverges slightly when looking both at the specific port
areas of Antwerp (1%) and Zeebrugge (3%). These shares are visualized in figures 1, 2 and 3. It is
interesting to note that all the circular employment is derived from recycling (R8) activities.
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Besides missing data, the reason for this could be that heat recovery activities are simply set up
and monitored, without the involvement of dedicated staff to operate the installation.

Port of Antwerp-Bruges

= Recycle (R8)
2%

= Recover (R9)
0%

= Other
98%

= Recycle (R8) = Recover (R9) = Other

Figure 23: Visualisation of the share of employment derived from port-relevant core CE activities for the Port of
Antwerp-Bruges. Source: Authors based on data collection process (2026).

Port of Antwerp-Bruges (Antwerp)

= Recycle (R8)
1%

= Recover (R9)
0%

= Other
99%

= Recycle (R8) = Recover (R9) = Other

Figure 24: Visualisation of the share of employment derived from port-relevant core CE activities for the Port of
Antwerp-Bruges (Antwerp region). Source: Authors based on data collection process (2026).
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Port of Antwerp-Bruges (Bruges)

= Recycle (R8)

3%

= Recover (R9)
0%

= Other
97%

= Recycle (R8) = Recover (R9) = Other

Figure 25: Visualisation of the share of employment derived from port-relevant core CE activities for the Port of
Antwerp-Bruges (Bruges region). Source: Authors based on data collection process (2026).

North Sea Port

In the case of North Sea Port, employment from port-relevant core CE activities takes on 13% of
total direct port employment. This share is larger for the Belgian region (17%) than for the Dutch
region (8%). Recycling activities (R8) employ a larger share of FTEs in the Belgian region and in
North Sea Port overall. However, in the Dutch region of the port, most of CE-related employment
is in recovery (R9), as visualised in figures 4, 5 and 6.

North Sea Port

= Recycle (R8)
8%

= Recover (R9)
5%

= Other
87%

» Recycle (R8) m Recover (R9) = Other

Figure 26: Visualisation of the share of employment derived from port-relevant core CE activities for North Sea Port.
Source: Authors based on data collection process (2026).
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North Sea Port (BE)

= Recycle (R8)
13%

= Recover (R9)
4%

= Other
83%

= Recycle (R8) = Recover (R9) = Other

Figure 27: Visualisation of the share of employment derived from port-relevant core CE activities for North Sea Port
(Belgian region). Source: Authors based on data collection process (2026).

North Sea Port (NL)

= Recycle (R8)
3%

= Recover (R9)
5%

= Other
92%
= Recycle (R8) = Recover (R9) = Other

Figure 28: Visualisation of the share of employment derived from port-relevant core CE activities for North Sea Port
(Dutch region). Source: Authors based on data collection process (2026).

Port of Ostend

For the Port of Ostend, its port-relevant core circular activities account for 4% of total direct
employment. 3% is found in recycling (R8) activities, while the remaining 1% originates from
recovery (R9) activities. The different shares are visualized in figure 7.
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Port of Ostend
Recycle (R8)
3%
= Recover (R9)
1%

Other
96%

Recycle (R8) = Recover (R9) Other

Figure 29: Visualisation of the share of employment derived from port-relevant core CE activities for the Port of
Ostend. Source: Authors based on data collection process (2025).

General analysis and insights

Compared to the share of port-relevant core CE activities taking place in the various port areas,
the number of FTEs working in these activities is lower for both the Port of Antwerp-Bruges as a
whole and for its separate regions. This is in line with the results for the Port of Ostend, where the
discrepancy is even larger, with just 4% of the total FTEs working in core CE activities which
represent 23% of all the activities taking place in the port. The reason for this large discrepancy
however, could also be related to the small size of the port, where the 23% represents just 10
companies in absolute terms. For North Sea Port, the narrative shifts to just 8% of firms
representing 13% of direct port employment. Table 2 provides an overview of the shares of CE
activities compared to the shares of FTEs which are employed in these activities.

Table 10: Overview of the share of FTEs employed compared to the share of port-relevant core circular activities in
the port areas. Source: Authors based on calculations.

% of port-relevant core CE % of FTEs working in port-

activities relevant core CE activities
Port of Antwerp-Bruges 4% 2%
Antwerp 4% 1%
Bruges 5% 3%
North Sea Port 8% 13%
Belgium N/A? 17%
Netherlands N/A’ 8%
Port of Ostend 23% 4%

This result implies that there is no unanimous trend across the different Flemish ports in terms
of whether port-relevant core CE activities employ proportionally less or more people than other
firms in the port areas. While the data used for the calculation looks at only port-relevant CE
activities, these can still be rather different in nature. For example, sorting facilities and

2 Insufficient data available on the number of firms present in the port area, split by region.
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mechanical recycling plants often require more manual labour than chemical recycling facilities
which often have higher automation levels.

It should be noted that the data only considers officially registered FTEs, thus leaving out those
employed as interns, students, temporary workers, freelancers or external consultants. Due to
this, the calculated absolute number of FTEs working in port-relevant core CE activities is likely
an underestimation. Nonetheless, since the denominator of the share calculation is also based
on direct employment in the form of FTEs, using a share format for this indicator balances out
these inaccuracies.

Limitations

Since the identification of the number of FTEs employed in port-relevant core CE activities relies
on the list of these activities set up for the measurement of Indicator 1 (Share of port-relevant CE
business activities located in the port area), any inaccuracies from this list are passed on to this
indicator. Therefore, data-related limitations for Indicator 1 are also relevant in this case and can
be consulted in the sheet “Indicator 1: Share of port-relevant CE business activities located in
the port area.”

Moreover, due to the significant difference in size between Port of Antwerp-Bruges and North Sea
Port on one hand and Port Oostende on the other hand, it is important to critically analyse the
results. Not considering this would lead to percentage distortion when comparing the results
across the different ports.

As mentioned, no distinction is made in the type work which is done by the FTEs. For this indicator
it is therefore assumed that the whole workforce employed in the facility solely works on the
circular activity. In reality, an employee could, for example, be spending 80% of their time on the
circular activity and 20% of their time carrying out other tasks.

Future monitoring

As the data of the indicator is based on the list of firms taking part in CE activities in the port area,
future measurements will depend on the updating of this database. This, both in which firms are
included and in the number of FTEs for each listed firm. The denominator showing total direct
employment for each port should also be updated when new figures are published.
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Indicator 11: Share of waste processed in the port
area.

Strategic relevance

The strategic relevance of this indicator relates to the identification of waste streams, not
necessarily just from within the port, but from outside too, which gives more insight into the
extent at which the port is a secondary resource and material processing hub.

Definition

Waste

Waste is defined according to the definition set in EU legislation as “any substance, material or
object which the holder discards or intends or is required to discard” (EU Waste Framework
Directive 2008). Any processed waste which at the end of its processing is not yet officially
classified as a secondary raw material, remains defined as waste.

Processed

Any processing of waste in an effort to turn it into a raw material. The input should always be
classified as waste, while the output can either still be waste, or can reach secondary raw
material status. This implies that all steps in the processing chain are taken into account, rather
than only the finaltreatment stage. Therefore, the same waste stream can be processed multiple
times, for example, first through sorting, then shredding, then cleaning, and finally chemical
recycling.

The classification of processing activities is based on D-codes (disposal) and R-codes (recovery),
as defined in the EU’s Waste Framework Directive. For more information, please consult
Indicator 8 (Share of non-recycled waste generated in the port area).

Waste is defined according to the official EU definition. However, materials can cease to be
classified as waste once they have undergone treatment and meet a number of specific
conditions. These so-called “end-of-waste” criteria are defined in the Materials Decree
(VLAREMA) and determine when a waste stream can be considered a product or secondary raw
material. According to Article 36, a substance or object is no longer considered waste if it meets
all of the following conditions: it is intended to be used for specific purposes, there is a market
demand for it, it complies with the relevant technical and legal requirements, and its use does
not lead to adverse environmental or human health impacts. In addition, the recycling process
must be completed, and the resulting material must be able to substitute virgin materials.

A formal way of proving that a material has reached this “end-of-waste” phase is through a
certification of raw material status (grondstofverklaring). This is an official certificate issued by
the Public Waste Agency of Flanders (OVAM), which confirms that a material derived from waste
can no longer be classified as waste and may be used as a raw material. In order to receive this
certification, a number of either standardized or non-standardised criteria must be met.
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Therefore, in this indicator, processing is defined as all types of possible waste treatment which
waste undergoes (R2-R13 codes), until it officially reaches secondary raw material status. The
same waste material may be processed multiple times.

Port area

This is defined as the official geographical boundary of the port area and was chosen to ensure
feasibility of the indicator. A critique however, is that this decision omits any waste processed
just outside of the port area which may still be closely linked to port activities.

Examples

Shredded scrap metal, chemically recycled plastic waste

Measurement and unit

Calculation:

Tonnes of waste processed in the port area (R2 — R13 codes)

Total tonnes of waste processed or disposed of in the port area

c
>
X

Data sources

List of waste processors: OVAM website

Tonnes of waste processed in the port area: OVAM (MATIS)

Method

The first step in measuring this indicator is the identification of waste processors operating within
the port area. The list of waste processors in Belgium was obtained from the Public Waste Agency
of Flanders’s (OVAM’s) online database. This list was sorted based on postcodes in order to
obtain an initial selection of firms potentially located within each port area.

The next step in identifying the waste processors in the port areas was to conduct a manual
filtering by comparing the addresses of the identified waste processors to the respective port
maps. Based on this, a first distinction was made between those located inside and those
located outside of the port area. This classification was then validated by the respective port
partners (PMBs), resulting in a list of waste processors for each port area.

Next, similar to the method used in the measurement of Indicator 8 (Share of non-recycled waste
generated in the port area), for each waste processor in the list, the corresponding branch
number was identified through the Crossroads Bank for Enterprises (CBE). The resulting list of
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branch numbers was then provided to the MATIS team at OVAM. Based on this input, the MATIS
team was able to extract data on the total tonnes of waste processed, as well as the distribution
of these tonnes across D-codes, R1, and the remaining R-codes for the year 2023. It should be
noted that a small share of the data (less than 1% for all ports) consists of waste volumes for
which no D- or R-code was assigned. These volumes were distributed across the other categories
proportionally, based on their respective shares.

Finally, the share of processed waste was calculated relative to the total amount of waste
processed or disposed, allowing for a comparison between disposal (D-codes) and energy
recovery (R1-code) on the one hand, and other recovery activities (R2-R13 codes) on the other
hand.

Results
Port of Antwerp-Bruges

For the Port of Antwerp-Bruges, the total amount of processed waste amounts to 2,910,911
tonnes, with the Antwerp region accounting for 2,247,963 tonnes and the Bruges region for
662,948 tonnes. When comparing this to the tonnes of waste which are disposed of in the port
area, the above figures represent 51.51% of total waste processed or disposed of in the Port of
Antwerp-Bruges. For the Antwerp region the share is 47.97%, while for Bruges the processed
tonnes represent a higher share of 68.70%. A visualization of these shares is presented in figures
1,2 and 3.

Port of Antwerp-Bruges

Disposed
Processed waste
Waste 48%
52%
Non-recycled waste Recycled waste

Figure 30: Visualisation of the share of waste processed for further use in the Port of Antwerp-Bruges. Source:
Authors based on waste processing data from OVAM (2023).
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Port of Antwerp-Bruges (Antwerp)

Processed
waste Disposed
48% waste
52%
Non-recycled waste Recycled waste

Figure 31: Visualisation of the share of waste processed for further use in the Port of Antwerp-Bruges (Antwerp
region). Source: Authors based on waste processing data from OVAM (2023).

Port of Antwerp-Bruges (Bruges)
Disposed
waste
31%
Processed
waste
69%
Non-recycled waste Recycled waste

Figure 32: Visualisation of the share of waste processed for further use in the Port of Antwerp-Bruges (Bruges region).
Source: Authors based on waste processing data from OVAM (2023).

This shows that over the whole port area, the number of tonnes of waste which are further treated
with the aim of finally being processed into a secondary raw material is higher than the number
of tonnes of waste which are disposed of or used for energy recovery purposes.

North Sea Port

The amount of waste processed in the Belgian region of North Sea Port totals 2,355,162 tonnes
and represents 77.23% of all the waste processed or disposed of in the Belgian region of the port area.
These shares are visualized in figure 4. Since OVAM only provides waste processing data for firms
located in Belgium, data on the Dutch part of North Sea Port is unavailable.
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North Sea Port (BE)
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Figure 33: Visualisation of the share of waste processed for further use in the Belgian region of North Sea Port.
Source: Authors based on waste processing data from OVAM (2023).

Port of Ostend

In the Port of Ostend, 878,387 tonnes of waste were treated as part of the process towards becoming
secondary raw materials which represents no less than 99.96% of all the waste processed or disposed of
in the port area. Figure 5 clearly shows the high share of waste that is processed in the Port of Ostend.

The remaining 351 tonnes are disposed of and classified by a D-code.

Port of Ostend

= Processed

= Non-recycled waste

= Disposed waste
waste 99.96%
0.04%

= Recycled waste

Figure 34: Visualisation of the share of waste processed for further use in the Port of Ostend. Source: Authors based

on waste processing data from OVAM (2023).

General analysis and insights
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Though the size of the share of waste processed (R2-R13 codes) in the port area varies amongst
the different ports, the share is unanimously larger than the share of disposed (D- and R1-codes)
waste. This implies that for all ports, most waste is treated for further valorisation towards a
secondary raw material rather than simply disposed of, thus endorsing the idea that ports are
material processing hubs with a potential of playing a significant role in the materialand resource
transition. An overview of the tonnes of waste processed and disposed of in each port area is
provided in table 1.

Table 11: Overview of the tonnes of waste processed and disposed of in each port area. Source: Authors based on
waste processing data from OVAM (2023).

R2-R13

D and R1- coded Total waste
coded waste disposed or Share of waste
. waste
disposal processed processed
processed
(tonnes) (tonnes)
(tonnes)

Port of Antwerp-Bruges 2,740,739 2,910,911 5,651,649 51.51%
Antwerp 2,438,713 2,247,963 4,686,676 47.97%
Bruges 302,025 662,948 964,973 68.70%

North Sea Port N/A3 N/A' N/A N/A!
Belgium 694,342 2,355,162 3,049,504 77.23%
Netherlands N/A N/A N/A N/A

Port of Ostend 351 878,036 878,387 99.96%

Limitations

Due to the significant difference in size between Port of Antwerp-Bruges and North Sea Port on
one hand and Port Oostende on the other hand, it is important to critically analyse the results.
Not considering this would lead to percentage distortion when comparing the results across the
different ports.

Another limitation of this indicator is that it is dependent on the availability and accuracy of the
list of waste processors provided by governmental organisations. The completeness and how up
to date this list is may vary depending on the regional or national authority responsible for
maintaining it, in this case, the Public Waste Agency of Flanders (OVAM).

The data required for the calculation of the indicator relies on the list of waste processors,
specifially in the port area, which is compiled manually by comparing the address of each waste
processing plant to the official port map using Google Maps. As a result, it could be that waste
processing plants located on the border of the port area were incorrectly considered as part of
the port area when in reality they are located outside of the port area, or vice versa. This manual
error could mean either an under- or overestimation of the final result.

The availability of the waste data itself also depends on whether this data is collected and made
accessible by public institutions, such as through the Public Waste Agency of Flanders’s

3 Data for the Netherlands was unavailable.
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(OVAM’s) MATIS system. Due to the absence of a similar system in the Netherlands, for example,
data for the Dutch part of North Sea Port is not available for this indicator.

Finally, the results are influenced by the availability and accuracy of the reported waste data.
Since the datarelies on reporting by waste collectors and waste processors, missing orincorrect
reporting can affect the outcome of the indicator, although increased enforcement will likely
increase accuracy of the data over time. For more details, please consult Indicator 8 (Share of
non-recycled waste generated in the port area.

Future monitoring

For iterative measurements of this indicator, a check for an updated version of the list of waste
processors may be required. In case of a new entry, the branch number of the firm needs to be
identified through the CBE. If sufficient data points become available, future versions of the
indicator may also be able to offer classifications by specific R- and D-codes or potentially by
type of waste.
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Indicator 12: Share of secondary material
consumption in the port area.

Strategic relevance

The main relevance of this indicator is that it recognizes the evolution of the circular transition
beyond purely circular activities and more on how it is integrated in traditional linear activities.
To a certain extent, it compensates for one of the main limitations of Indicator 1 (Share of port-
relevant CE business activities located in the port area), namely that it does not account for the
size of circular activities. The value in terms of the circular economy of a small-scale recycling
firm may be lower than that of a traditional linear production company which uses large volumes
of secondary raw materials as part of their inputs. By looking at the volumes of secondary
materials consumed in the port area, this indicator gives weight to the scale at which circularity
is being practiced, rather than simply the number of firms engaged in it.

Furthermore, by looking into the volumes of secondary materials being consumed in the port
area, this indicator offers insight into the secondary material cargo streams entering the port for
consumption by companies in the port area. This indicator thus complements Indicator 7 (Share
of cargo volume of circular materials) where one of its limitations is that it only considers
maritime and inland waterway bulk cargo streams. This indicator provides a more holistic view
by including all volumes, irrespective of how they entered the port area (maritime, inland
waterway, road or rail). Another source of secondary materials in this case could be linked to
indicators 8 (Share of non-recycled waste generated in the port area) and 11 (Share of waste
processed in the port area), where the secondary materials are generated in the port area as
waste or processed into secondary raw materials.

Definition

Secondary material which is used as an input in a production process which takes place in the
port area.

Secondary material

For this indicator, secondary material is defined as waste or secondary raw materials as
defined in Indicators 8 (Share of non-recycled waste generated in the port area) and 11 (Share
of waste processed in the port area).

Port area

This is defined as the official geographical boundary of the port area and was chosen to ensure
feasibility of the indicator. A critique, however, is that this decision omits any volumes of
secondary materials used just outside the port area which may still be closely linked to port
activities and supply chains.

Examples

Scrap metal, construction waste, production by-products
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Measurement and unit

Calculation:

Consumption of secondary materials (tonnes) 100

Consumption of primary and secondary materials (tonnes)

Unit: %

Data sources

List and contact details of largest material users: PMBs

Primary and secondary input volumes: largest material users

Method

Given the difficulty of collecting material consumption data across all firms in the port area, the
ten largest material users are used as a proxy for the port area as a whole (five for the Port of
Ostend due to its smaller size). This approach is justified by the fact that in port areas, material
consumption tends to be heavily concentrated among a relatively small number of large
industrial firms, meaning that the ten largest users are likely to represent a significant share of
total material consumption in the port area.

The first step in measuring this indicator is the identification of these ten firms. PMB
representatives were asked to identify the expected ten largest material users in their respective
port area. Once identified, each firm was contacted directly with a request to share their total
volumes of primary and secondary material inputs for the year 2024. Based on this data, share of
secondary materials of the total material consumption was calculated.

Results

Port of Antwerp-Bruges
Insufficient data available.
North Sea Port
Insufficient data available.
Port Oostende

For the Port of Ostend, the five largest material users account for a total material input of
1,489,608 tonnes, of which 485,173 tonnes are secondary materials. This amounts to a
secondary material consumption share of 32.57%, as visualised in figure 1.
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Figure 35: Visualisation of the share of secondary material input for the Port of Ostend. Source: Authors based on
data collection process (2026).

Limitations

One limitation of this indicator is that it remains unclear whether the use of secondary materials
has always been part of a firm's business model, or whether it reflects a conscious evolution
towards more circular principles in their production processes. This distinction isrelevant, as the
latter would be a stronger signal of circular transition in the port area.

Additionally, the use of the largest material users as a proxy for the whole port area introduces a
margin of error. Whilst this approach is practical and justified by the concentration of material
consumption among a small number of large firms, it does not capture the secondary material
consumption of smaller firms in the port area, which may lead to either an under- or
overestimation of the final share result.

Future monitoring

For iterative measurements of this indicator, the list of firms which represent the largest material
users in the port area needs to be reassessed. The contact list should be updated accordingly,
and since material input data is not available through any centralised database, each firm will
need to be approached directly for each new monitoring cycle.

Future versions of this indicator could be expanded beyond secondary material consumption to
also include separate categories for water, energy and CO2.
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Conclusion

Thisreport establishes afirst operational baseline for monitoring the circular economy in the Port
of Antwerp-Bruges, North Sea Port and the Port of Ostend. Its contribution extends beyond the
individual values calculated. By translating a conceptual indicator set into definitions, data
requirements and replicable measurement procedures, the project has created an initial
monitoring framework that can support future CE strategy evaluation, learning and decision-
making by PMBs and other (port) authorities.

The findings confirm that circular activities are already presentin all three port clusters, although
they manifest themselves differently. Port-relevant core circular activities account for
approximately 4.45% of companies in the Port of Antwerp-Bruges, 8.18% in North Sea Port and
23.26% in the Port of Ostend. Their respective shares of port land here for are approximately 1%,
6% and 6%, while their shares of direct employment are approximately 2%, 13% and 4%. These
differences should not be interpreted as a ranking of circular performance, since the ports differ
substantially in size, economic structure, geographical scope and number of companies. The
results instead demonstrate the value of using several complementary indicators: business
activity, land use, employment and material flows each capture a different aspect of the
transition, and can only be benchmarked with following years and within the same port.

The baseline also shows that monitoring feasibility depends strongly on the available data
infrastructure. Indicators supported by established administrative databases, such as ship-
waste and regulated waste-treatment data, were generally easier to operationalise. Indicators
relying on confidential company information, detailed project inventories, non-standard cargo
classifications or information on secondary material inputs required substantially more effort
and were more affected by missing data. Data were often fragmented across PMB departments,
government agencies, companies and service providers, while unclear ownership, inconsistent
definitions, confidentiality and cross-border differences created additional challenges. These
difficulties were particularly relevant for North Sea Port because Belgian and Dutch data sources
and reporting systems were not fully compatible.

The decision to discontinue Indicators 3, 4 and 5isitself an important outcome. It illustrates that
indicator relevance is not fixed, and that a monitoring framework must remain responsive to the
priorities of its users. The process nevertheless generated usefulinsights. Circular start-ups may
be more likely to collaborate with, supply or be acquired by port companies than to relocate on
their own and physically into the official port area. Circular procurement proved too complex to
measure consistently because legal requirements, voluntary ambition and the quality of
individual clauses are not easily distinguished. Counting circular platforms also offered limited
added value because PMBs already perform an active matchmaking role and because digital
marketplaces, networks and one-off events cannot readily be treated as equivalent units.

Future monitoring should prioritise clear data ownership, central and regularly updated
databases, harmonised definitions, transparent assumptions and durable agreements with
external data providers. Results should primarily be used to follow developments within the
same port over time, rather than to make simple comparisons between ports. The indicator set
should also be reviewed periodically as ambitions, regulations and data availability evolve. The
first measurement carries the greatest burden because definitions, sources and databases were
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to be established in this stage. Later monitoring rounds should become more efficient if of course
this infrastructure is maintained. The baseline should therefore be viewed not as a final
assessment of circularity, but as a practical starting point for improving data governance and
progressively strengthening circular-economy monitoring. Further methodological detail and
broaderresearch implications are provided in the related PhD manuscript of Lynn Faut, available
upon request.
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