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ARTICLE INFO ABSTRACT

Keywords: The circular economy (CE) brings many opportunities, but also many challenges for ports, cities,
Circular economy and their hinterland. The goal of this paper is twofold. First, we embrace the inherent uncertainty
P‘_"_ts of the spatial impact of the CE on ports and cities. We employ scenario methodology to guide us in
f(lst;es steering this uncertainty by developing four scenarios. To explore the complexity of these four
Uncertainty scenarios, we focus on the Dutch province of South-Holland. This region hosts the port of Rot-
AIS terdam, the largest port in Europe, and its direct hinterland consists of a dense urbanised region.
Spatial Planning As such, the four scenarios cannot only shed a light on the future of the port, but also how its

relations with its direct urbanized hinterland can potentially change. In two scenarios deglob-
alisation occurs. The consequences are, on the one hand, that the port’s focus changes more to its
direct hinterland instead of a global oriented focus. On the other hand, the existing water bound
industrial areas in, or nearby cities increase in importance, in contrast to the contemporary
pressure to redevelop these into waterfront residential and commercial areas. In other words, port
and city/region grow towards each other. The second goal of the paper is to dive into the specific
consequences of these scenarios for day-to-day planning practices. By combining micro-economic
and AIS shipping data, we discovered the most important terminals and industrial areas for the
transition towards a CE in port, city, and hinterland.

1. Introduction

This article aims to bring two groups of literature together: the question of territorialisation or the role of space in a circular
economy (CE) (Tapia et al., 2021; Torre & Dermine-Brullot, 2021; Van den Berghe & Verhagen, 2021; Williams, 2021; Wuyts & Marin,
2022), and the role of ports in the CE transition (Faut et al., 2023; Haezendonck & Van den Berghe, 2020; Notteboom et al., 2024). Both
have recently gained attention. First, the former group of literature developed out of the critique that the CE is too often regarded as
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footloose and perceives space as an equal or even more important resource in a CE as materials (van Bueren et al., 2022). While there is
no clear definition of what a CE entails(Kirchherr et al., 2017), increasingly there is a general understanding of its core principles and
enablers; cf. to reduce the use of materials and energy, achieved through business models, policies, and consumers (Jabbour et al.,
2019; Kirchherr et al., 2023). Critiques on the CE concept are broad, for example, stressing its impossibility beyond aspiration
(Lehmann et al., 2022), or its over emphasis on economic sustainability as leading principle (Blum et al., 2020; Corvellec et al., 2021).
What is overall missing is, though, why and how a systemic change in production and consumption should be pursued (Kirchherr & van
Santen, 2019). Therefore, in this article, we underline, in this systemic view of a CE, the need to understand territorialisation (Blomsma
& Brennan, 2017; Chembessi et al., 2024; Tapia et al., 2021).

Second, the latter group of literature developed from the increasing insight that the role of ports is or should profoundly change, to
decrease their ecological impact, to increase (again) the number of qualitative and diverse jobs, or to remain economic competitive, for
example, by creating circular loops of energy and materials (Haezendonck & Van den Berghe, 2020; Moeremans & Dooms, 2024).
More recently, studies have reflected on what different possible roles for ports. For example, the Dutch Board of Government Advisors
(CRa) recently argued that there are four possible roles, namely a continuation of (i) the main port model focussing on quantitative
growth, (ii) the recycle delta that builds upon the existing economic networks, but favours ecological principles instead of economic,
(iii) the manufacturing industry, whereby specifically land-use choices are made in favour of production of goods, instead of for
example logistical activities, and (iv) circularity, wherein the leading principle is what favours the regional economy (CRa, 2024).
However, these studies remain, to some extent, vague, and arguably they often lack a link with space or its environment, and lack a
specific strategy of how land use choices need to be made.

The mentioned deficiencies of the two fields are not such a surprise. It is, namely, difficult to make general insights specific because
one of the certainties of the CE transition is it is uncertain (PBL, 2023b). This uncertainty is inherent in the current so-called ‘polycrisis’
(Tooze, 2022), wherein different social, ecological, economic, and political crises are interacting. From an economic perspective, after
decades of (hyper)globalisation, with an enormous increase of the relative added value of trade activities on a global scale, since the
crises of 2008 we arrived first in a ‘slowbalisation’, and increasingly in a deglobalisation (Van Bergeijk, 2022). While it is debatable if
this deglobalisation is temporary and maybe will bounce back as during Brexit or the Covid pandemic, the political rhetoric of
deglobalsation cannot be ignored anymore and will have or is having definitely an impact on the global economy (COM, 2024; Latour,
2022; Livesey, 2018). Though, again, much or even everything is uncertain (Yeung, 2024).

For Western economies and societies, this uncertainty is increasingly becoming a huge challenge. During globalisation, especially
the Western economies transferred into service-based economies. This had a significant effect on both cities and ports. First, several
cities via services like consultancy, finance, insurance, education, etc. became part of so-called ranked world cities, controlling and
dictating global economies (Friedmann, 1986; Sassen, 1991). Second, simultaneously, foremost industrial activities became extern-
alised to other parts of the world. From a perspective of urban planning, some cities successfully became ‘post-industrial’ cities (Hall,
1997), while others became ‘places left behind’ (Martin et al., 2021).Also ports transferred from industrial to service oriented systems.
As described by Slack (1993), ports became increasingly pawns in the global game of commerce. In a nutshell, two related phenomena
came together. First, because of globalisation, former national boundaries and deligned economies became part of global markets,
wherein optimisation occurred across borders. In relation to this, second, the container, as technology invented a few decades before,
became highly instrumental to guide this emerging global market by allowing intermodal transport, decreased (un)loading times, and
easier upscaling (Levinson, 2010).

Summarized, for both ports and cities, it became less and less a choice to facilitate the service economy by for example infra-
structure investments. For cities, these are central business districts, nice and high-end living environments, or cultural programs. For
ports, these are terminals, docks, railways etc. While it remained uncertain if investments in infrastructure would pay off, it was certain
that if these investments did not occur, for sure no important (global oriented) activities, both in port and city, would arrive (Slack,
1993).

Increasingly, the benefits were for a smaller group of actors, and often outside the port, and the burdens increasingly for the local
surrounding environment (Hall & Jacobs, 2012). In no ranked order, the latter relate to logistical burdens (e.g. traffic jams),
socio-economic burdens (e.g. a decrease of the quality and quantity of jobs), and ecological burdens (e.g. air pollution). More recently
geopolitical burdens, especially for ports, increase, realising the lack of domestic energy and material resources. Many private and
policy recommendations have been or are proposed, among those the CE. For example, Corvellec et al. (2021) explained that the CE
can be used to react on the increasing scarcity of materials by keeping the loop of these materials close to themselves. But as explained
above, combining the fields wherein the consequences of the CE for ports and cities have been developed, could help both. This leads to
our research question: What are the consequences of the CE transition for the spatial planning of port and city?

To be able to answer this research question, we focus on the Dutch province of South-Holland. South-Holland hosts not only the
port of Rotterdam but is also a dense urbanised region with cities like Rotterdam, Delft, The Hague, and Leiden. All these cities are, in
different forms, well accessible by water bound transport, between each other and from and to the port of Rotterdam, due to the dense
network of canals. Regarding the potential, though uncertain spatial impact of the CE transition on port, city, and region (PBL, 2023a),
and as such also the relation between port and hinterland, the province of South-Holland thus provides a promising perspective, not the
least because relevant actors in the province have thought of wat a CE could imply for many years (e.g. Provincie Zuid-Holland, 202.3;
TNO, 2022). Next to the port of Rotterdam, the province hosts 617 industrial areas, and following the dense urbanised region, many of
these are in or nearby cities. Fuelled by a housing shortage, this for a large extent explains why many industrial areas are currently
subject to redevelopment to residential and commercial land use (Provincie Zuid-Holland, 2020). Especially the water bound in-
dustrial areas are popular. Nonetheless, recent research (STEC, 2023) has argued that municipalities don’t include enough the need for
water bound industrial areas to facilitate the CE transition of their cities and region, hence shedding a light on the potential effects of
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the CE on spatial planning (TNO, 2022). Summarized, the CE transition and its inherent uncertainty makes it challenging to on a longer
term spatially plan port, city, and region.

The article is structured as follows. In the next section we explain first why taking a spatial perspective when operationalising the
CE is essential, and second how uncertainty in spatial planning can be incorporated through explorative scenario planning (XSP). Next,
in our methodological section, we propose to combine qualitative and quantitative methodologies, to achieve the ‘sweet spot’ between
long term alternative futures and practical and clear measures. After our results, we end with a discussion and conclusion.

2. Background
2.1. Territorialisation of CE

While there are many CE definitions (Kirchherr et al., 2017), in one way or another they emphasize one or more of the following
five principles: (i) a circular flow of materials and energy, (ii) a slowing down of that circle, (iii) a reduction in the amount of materials
and energy, (iv) a substitution of non-sustainable materials with sustainable ones that allow for regeneration, and (v) a geographical
concentration (Dabrowski et al., 2024). The latter principle is, however, not straightforward. The attention for the role of place is often
missed or is not explicitly mentioned, like in the Ellen MacArthur Foundation definition (EMF et al., 2015), or has only more recently
been identified as a crucial element (Baumgartner et al., 2024; Tapia et al., 2021; Torre & Dermine-Brullot, 2021; Tsui, Venverloo,
etal., 2024; Tsui, Wuyts, et al., 2024; Van den Berghe & Vos, 2019). The role of space is not always regarded as positive. Calisto Friant
et al. (2020) caution that an overemphasis on localism can result in ‘fortress CEs’, where control over material reuse becomes a
strategic tool (Van den Berghe & Dabrowski, 2024). This interpretation, however, diverges from the broader principle of localism. As
explained by North (2010), localism strives to organise consumption-production systems as local as possible, leaving open the option
that in some cases a larger scale can also be beneficial (Kinnunen et al., 2020).

The main point is for a CE is to become a reality, it must take place in specific locations involving local actors, infrastructures, and
industries (Niang et al., 2024; Van den Berghe et al., 2018; Yeung, 2005, 2024). In turn, this leads to a reality check of who and where
responsibility lies, leading, in the end, to the how (Hobson, 2019; Kirchherr et al., 2023). This shift suggests and increasing politi-
cisation of CE (Kebtowski et al., 2020; Nygaard, 2022), with a growing emphasis on the societal aspects of the economy, rather than
focusing purely on ecological dimensions (Kohler et al., 2019; Wuyts & Marin, 2022). Therefore, by putting an emphasis on space or
the territorialisation of the CE, critiques on the CE concept, like greenwashing, being naive, or impossible, could be countered. A
spatial perspective often reveals difficult choices, particularly regarding land uses that are hard to integrate, such as waste processing.
These challenges make it harder to externalise problems from specific cities or regions (Dryzek, 1987; Emel & Peet, 2001 [1989];
Krahmer, 2021). In summary, the territorialisation of the CE highlights the complex spatial decisions that must be made as localism
and resource management take on increasing importance. This complexity becomes even more pronounced when considering the
inherent uncertainty in how these spatial challenges will evolve, as we discuss in the next section on scenario planning.

2.2. Explorative scenario planning (XSP)

Dealing with uncertainty and change is challenging. A well-known methodology within the field of futurology or future studies to
deal with (un)foreseen eventualities is the use of scenarios (Borjeson et al., 2006). Scenarios consider the course of current events that
could lead to the future situation. They help to move forward from the actual situation to the future situation by providing a roadmap
of potential paths. In modern times, scenario methodology found its first systematic use at the American RAND corporation (cf.
Research AND Development) think tank during the 1950s, where it was used for, foremost, military planning purposes (Amer et al.,
2013). Shell popularised and intensively used this method of future studies during the 1960s, initiated by their ‘Year 2000 study in
1967 (Bradfield et al., 2005), and this led to Shell being able to cope with the oil shocks during that decade (Amer et al., 2013;
Jefferson, 2012). After this turbulent decade, the use of scenarios increased significantly among companies, and they are used for
different purposes and by many different users, from small to large companies, and from private to public organisations.

Numerous scenario methods have been developed, so many that it is often seen as a methodological chaos (Amer et al., 2013;
Bradfield et al., 2005). They can be simplistic or complex, qualitative or quantitative. Borjeson et al. (2006) propose to use three
categories: forecasting, backcasting, and explorative scenario planning (XSP). First, forecasting, or predictive scenarios try to predict
the future outcomes based on occurrence probability and likelihood. Often, forecasting is used to test outcomes of policies to support
decision-making and planning processes. In contrast to developing visions, forecasting deals with projection (Wachs, 2001). While
forecasting is quite popular as it fits well to test the business-as-usual scenarios, for example within transport planning, it is also
critiqued. On the one hand, there is the so-called ‘fallacy of extrapolation’ (Riegelman, 1979), or overconfident extrapolation, that is an
inductive reasoning error in which someone draws a broad conclusion based on limited or insufficient evidence. As such, forecasting
neglects underlying functional systems and complexities that may change over time (Flyvbjerg et al., 2005). Second, there is back-
casting or normative and visioning scenarios. Backcasting tries to generate a desirable future — often a few decades into the future -, and
subsequently looks backwards to the present in order to plan a strategy to achieve this future (Vergragt & Quist, 2011). A drawback of
backcasting is that it selects one normative vision (Bibri & Krogstie, 2019). Therefore, thirdly, Unlike forecasting, which focuses on
predicting probable outcomes, or backcasting, which envisions a single desired future, XSP broadens the scope of possibilities. It allows
for the exploration of multiple, diverse futures by explicitly focusing on external uncertainties, making it particularly valuable for
navigating the unpredictability inherent in the circular economy’s spatial planning(Chermack et al., 2001). While XSP became
extensively used among corporates, spatial planning was slow to adopt it (Chakraborty et al., 2011). Businesses tend to adopt XSP more
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readily because they often focus on a single strategy or goal. In contrast, spatial planning, which must balance multiple and often
conflicting public interests, has been slower to adopt XSP due to its need to account for a broader range of potential outcomes (Avin &
Goodspeed, 2020). This paper, therefore, seeks to harness the potential of XSP by combining qualitative scenario narratives with
quantitative data analysis. This combination allows for a more comprehensive understanding of the potential spatial outcomes for the
circular economy in South-Holland.

3. Methodology

The first step is the development of qualitative scenarios. We follow the intuitive logics methodology and can be regarded as the
most popular today (Bradfield et al., 2005). The assumption is that decisions are influenced by a complex set of relationships (Abou
Jaoude et al., 2022). Intuitive logics methodology varies, with some versions including five to fifteen steps (Amer et al., 2013). In this
article, we adopt the widely recognised five-step approach, as this framework is commonly used in scenario planning (Foster, 1993;
Postma & Liebl, 2005; van Eijkelenburg & van Harn, 2021). Before we can explain these five steps, another choice that needs to be
made, is how many scenarios will be developed. As argued by Pillkahn (2008) the ideal number is four scenarios, or a 2 x 2 scenario
matrix method (Bauwens et al., 2020; van Asselt & van’t Klooster, 2012).

The first step in the five-step methodology is the identification of relevant driving forces. To ensure a comprehensive analysis, these
forces are categorised into five broad areas: social, technological, economic, ecological/environmental, and political (abbreviated as
STEEP).. Via desktop analysis, we derived 56 relevant driving forces, deducted from examining 150 documents, among these were
policy documents of the province of South-Holland, industrial strategic visions of economic sectors and companies, scientific articles,
books, and media. Following many driving forces are related, in the second step a clustering occurs across the STEEP categories. We
identified 15 trend clusters that are relevant for the province of South-Holland. Arguably, the third step is the most crucial one, because
in this step the different trends are mapped along their impact and uncertainty. In addition to considering relevant similar scenario
exercises for the Netherlands (e.g. CRa, 2024; PBL, 2023b), our exercise for the province of South-Holland was conducted during an
expert meeting in The Hague, the Netherlands, on the 23rd of January 2023, involving academics from the Erasmus University
Rotterdam and the Delft University of Technology, and policy makers from the province of South-Holland. The two key trends
identified during the expert session as having the greatest impact and uncertainty were deglobalisation and labour supply issues(cf.
Burger et al., 2019). These trends are particularly relevant to the socioeconomic profile of South-Holland, given the region’s reliance
on global trade and its evolving labour market needs. First, following the port of Rotterdam, but also following its global oriented
horticulture and urban economies with their universities, multinationals, and international governmental institutions among others,
the province of South-Holland is strongly linked to the global. A (minor) change, both positively and negatively, can have significant
consequences for the economic development of the province. For decades, this was not really a concern and the planning based on this
followed ‘easily’. Though, as explained in this paper, this changed recently. Second, following the energy transition (in particular the
need for more and stronger electric grids), climate change (e.g. higher dikes, locks), or infrastructure (e.g. circular redevelopment of
bridges), the current and future need of labour is needed, though it is highly uncertain - not the least following (de)globalisation - if
there will be a sufficient or excessive amount of labour. In step four, the two trends identified—deglobalisation and labour sup-
ply—serve as the axes for the 2 x 2 scenario matrix, shaping the development of four distinct future scenarios, step five. This approach
allows us to explore multiple outcomes under different combinations of these uncertainties.

Our addition is that we complemented these qualitative scenarios with quantitative mapping of the current situation, namely the
role of water bound transport for the CE in the province of South-Holland. First, we used the IBIS-dataset (IPO, 2021) to identify all 617
industrial areas in the province of South-Holland (Provincie Zuid-Holland, 2022). Second, for all these industrial areas, we looked at
the CE activities, presented in the percentage of the total area. For this, we used the LISA dataset 2019, a micro-economic dataset
describing the location and business activity of all companies in the province of South Holland (Kadaster, 2022; LISA Founding, 2019).
For the CE activities, we used the CE SBI selections by van Oort et al. (2018) and PBL (2019). The used selection is useful, though not
perfect. Nevertheless, we are convinced this list is for the largest part instrumental as the selection was based on the R-ladder. First, SBI
codes mentioning ‘repair’ for example were labeled as CE, but next to that a comprehensive survey was used to verify more the list of
CE activities (see for more information Kishna et al., 2019), in particular if not specifical a R-strategy was mentioned in their SBI label.
Finally, the average amount of circular area on business terrains in South Holland is 20%.

Next, we did a topological mapping of the water bound transport t0, from, and within the industrial areas in South-Holland. To
track real time ship movements, we used Automatic Identification System (AIS) data. AIS is a tracking system used in maritime
navigation to exchange real-time information between ships and shore stations. The data includes information about position, speed,
size, and type of vessel. This study used a database of ship movements created by a previous research project at TU Delft (Van den
Berghe, Peris, et al., 2022), during the summer of 2019 (June 16 to September 16). In total 325,865 ship movements were registered
towards, from, or within the province of South-Holland. An algorithm was run to find out where vessels stop. A "stop" is defined by
when a ship is stationary for more than 2 hours and less than 30 days.

Shipping movements were then mapped to understand the degree of connectivity (via water transport) between industrial areas
within the province. For each industrial area, it was assumed that all ship stops within a 500 m buffer zone indicated that the ship
stopped at the area. This allows us to determine which industrial areas were frequently visited by ships, and therefore fully utilised the
water transportation network. When a ship travels from one industrial area to another, it was assumed that these two areas were
connected. Trip frequency and total volume were used to estimate the degree of connection between two industrial areas. Trip fre-
quency was calculated by counting the total number of trips made between two areas. The volume transported between two areas was
estimated using the ship size for each trip (see for detailed algorithm: Van den Berghe, Peris, et al. (2022)). The total volume exchanged
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between two areas was then calculated by multiplying the number of trips by the volume of each trip. The same methods were used to
calculate the degree of connectivity between the province and other countries.

Finally, an analysis was conducted to understand the network of industrial areas in the province, connected via shipping trips. In
this analysis, the industrial areas are "nodes", and the weighted by load shipping trips are the connecting "edges" within the network. By
using the force-directed layout algorithm Fruchterman-Reingold, we identified the centrality of the different industrial areas in the
network of ship movements. Thus, we were able to quantify and identify the most important or influential industrial areas within the
network based on their connectivity and structural importance. Network centrality analysis is important, because an industrial area
that is frequently visited by ships is not necessarily an important node within the network if these ships carry not much cargo, and vice
versa, an area that receives a lot of cargo, but only via a few ships is not the most important node within the network. Lastly, in this
paper we topographically presented this topological network of industrial areas showing the degree of centrality of circular business
areas, visualized by the size of circles

4. Results
4.1. Qualitative scenario planning of the future alternatives

The scenario planning used yielded four different scenarios. Conceptually, the centre forms the business-as-usual, while the four
scenarios follow the two axes of globalisation versus de-globalisation and labours surplus or labour shortage (Fig. 1).

In scenario Clipper, globalisation continues to progress, resulting in a labour surplus and low geopolitical tensions. Global trade
flourishes, particularly benefiting the service sectors such as logistics, care, research, and consultancy. However, this economic growth
increases pressure on housing and land use, exacerbating existing spatial conflicts between ports and urban areas Subsequently, on top
of the already contemporary tens land use conflict between port and city (e.g. Van den Berghe, Louw, et al., 2022). Polarisation in-
creases further between different economic sectors (e.g. agriculture versus urban services) and can be tempered by an increased social
housing policy and strict spatial zoning. (in case of polarisation, see in particular RLI, 2020). The Netherlands further de-industrializes,

Labour Surplus

Continuing
Globalisation

Clipper
- Geopolitical tensions have reduced,
world trade blooms
- Increase in economic activity
- Labour shortage remedied by
increase inimmigration
- Increased wealth leads to such levels
of immigration that labour shortage
switches to labour surplus
- Increased pressure on society,
livability and space through
population increase
- Increase in polarisation

Container ship
- Reduced geopolitical tensions; world
trade blooms
- Economic growth
- Growing pains; such economic
growth that labour shortage can't be
remedied
- Automation and robotisation take
hold; demand for labour saving
inventions
- Little re-introduction of industry
- High incomes; increased demand for
recreation

Ferry
- Geopolitical tensions increase;
multipolar world order
- Increase in European cooperation as
response to geopolitical tensions
- International service industry
becomes less relevant
- Large economic decline; labour
surplus through fall in jobs
- Sociale problems arise
- Industry makes a slight return in the
Dutch economy

Barge
- Geopolitical tensions reach new
highs; Cold War 2.0
- European Cooperation to increase
(strategic) autonomy
- Intra-European trade as main driver
of qualitative growth
- Focus on autonomy leads to
renewed focus on industry at cost of
the service sector
- Local production
- Labour shortage continues; driver
for higher wages

Labour Shortage

Fig. 1. Matrix showing produced scenarios (source: authors).

De-globalisation
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and - even with circular production - goods are imported.

While Scenario 1 focuses on globalisation and labour surplus, scenario Ferry explores the consequences of deglobalisation com-
bined with a labour surplus. In this scenario, deglobalisation leads to economic hardships and societal unrest, with manufacturing
slowly re-emerging as a key economic activity in response to reduced global trade. The conflict in Ukraine proved to be the clear
demarcation between the open and closing world, and has only continued with an increased polarized world, challenging world
dominance. In line with other recent reports on the possible consequences of a deglobalisation (e.g. Giammetti et al., 2022; HCSS,
2023), in this setting, Europe finds itself more isolated, even from the United States of America. The Netherlands, including the
province of South Holland, are struggling to find their place in this new world where trade and international services have significantly
decreased in importance (see also in this respect PBL, 2023b). These challenges, arising from an economic system that failed to adapt
promptly to the new de-globalised situation, result in severe economic hardships. The scale of this economic decline is such that over
time, there is a surplus of workers, as many logistical and service activities disappear. The economic downturn and the rise in un-
employment further fuels societal unrest. At the same time, the manufacturing sector slowly but surely makes a comeback in the Dutch
economy (cf. CRa, 2024). This reindustrialisation and the increase of the CE making better use of the available materials is an answer to
the shortage of the international import of machinery and goods (cf. Haezendonck & Van den Berghe, 2020).

Scenario Container Ship presents a world that has further globalised, and in which the Netherlands experiences a labour shortage.
The shocks brought about by COVID and global conflicts like Ukraine are now things of the past, and trade flourishes like never before.
Businesses in the Netherlands are booming, further strengthening the country’s position as a global oriented economy based on the
service sector. But this growth also comes with growing pains, as the labour shortage has significantly increased due to this growth. The
Netherlands tries to train and bring in people from everywhere, as well as retaining existing staff and increasing their productivity, yet
the shortage persists. Immigration is no longer the way to coop with this shortage, as many places around the world experience
economic growth. In turn, this gives an extra boost to the automation and robotisation of various processes and to the CE, making
better use of the available goods and materials (see also in this respect PBL, 2023b). The cost savings that this can bring are an incentive
for industries to start manufacturing in the Netherlands again (cf. Canello et al., 2022), although low-wage countries remain much
more attractive for most production. The ongoing tightness in the labour market also has a positive impact on the income and

Waterbound business terrains in the province of South-Holland
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Fig. 2. Water bound industrial areas in the province of South-Holland. Because of the smaller size of industrial areas outside the port of Rotterdam,
we used black dots to present these (source: authors).
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purchasing power of many Dutch people. This, coupled with the need for much-needed relaxation stemming from the longer working
weeks, makes people willing to spend more money on recreation, vacations, and other things to unwind or enjoy life.

Lastly, in scenario Barge, a future is foreseen where the world has deglobalized and the labour shortage is high. The end of the
globalised world as known during the last half century is over. Several blocs have emerged that challenge the former USA dominance.
The war has brought the EU member states closer together, further strengthening European cooperation and trade, allowing the
continent to rely more on itself (HCSS, 2023). As world trade has decreased overall, but intra-European trade has continued to increase,
there has been a shift from quantitative growth to relatively more sustainable and circular qualitative growth (cf. CRa, 2024). This
growth is, however, slowed down by a severe labour shortage. The economic uncertainty has lowered the birth rate, immigration is at
its lowest, and the consumption is low, having its effect on the economic growth too. Another reason is that the Netherlands, and
particularly the province South-Holland shifted from a service sectoral to a more industrialised sectoral economy, creating a mismatch
between the available work forces and the jobs. The CE is high to coop with the shortage of goods and materials, though not per se
sustainable as the latter requires significant international R&D capital and knowledge, which have diminished. An upside is that the
severe labour shortage has translated into higher salaries in general.

4.2. Quantitative mapping of the situation today

Of the total 617 industrial areas in South Holland, 143 areas have water bound transport capabilities (Fig. 2). As expected, the port
of Rotterdam stands out, however, there are still 123 areas with quays located outside of the port of Rotterdam. Next, based on the LISA
dataset, we mapped the amount of space used by CE activities, relative to the average provincial space use (Fig. 3). Our results show
foremost industrial areas outside the port of Rotterdam. Looking at the detailed CE activities, we distinguished four ‘types’ of circular
water bound industrial areas. First, industrial areas in and around Rotterdam have a focus on larger scale waste treatment. Further to
the east, around the city of Dordrecht, the CE activities are dominated by ship construction. Among these is, for example, DAMEN
Shipyards Group with multiple locations. Third, in the northwest, close to the cities of The Hague and Leiden, there are predominantly
companies focussing on smaller scale repair (e.g. of cars), reuse, and waste treatment. Lastly, in the northeast close to Gouda, the focus
is on construction materials.

Circulair business terrains

B Below average share of circulair use
Il Above average share of circulair use

z

s,

V
v,

=37
, /2/5{”/ Z

., 7 7.,

Y

Z /////Z [ //'/// /«// Z

Fig. 3. Average share of circular use of business terrains in the province of South-Holland (source: authors).
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A location of a CE activity at a water bound industrial area increases but doesn’t ensure the use of water bound transport. Our
analysis of the ship movements during the summer of 2019 revealed some important nuances. Fig. 4 presents the centrality of water
bound industrial areas in South-Holland within the whole logistical network of ship movements. Fig. 4 shows two maps. The left
includes and the right excludes the port of Rotterdam. While the total analysis is valuable, we excluded the port because it has
significantly more ship movements, and, as such, it blurred our insights of the other industrial areas in the province.

Our results show some interesting aspects. First, for the whole province, the port of Rotterdam is arguably weakly connected to
other industrial areas in the province. This to some extent shows that the port is foremost oriented towards its foreland and (further
away) hinterland, and not so much connected to its immediate neighbouring region. Nevertheless, there is a connection, though
interesting almost exclusively via one industrial area, cf. Distripark Botlek. In other words, the port of Rotterdam and the province are
(almost) only connected via one water bound industrial area. Excluding the port of Rotterdam shows the important role of the water
bound industrial areas more inland along the Rhine-Meuse river. The most central area is Stormpolder, situated along the Boven-
Merwede in the municipality Krimpen aan den LJssel. Close by is de Groote Lindt in Zwijndrecht, and other areas in the municipal-
ity of Dordrecht. Also, in other parts of the province, some areas stand out, especially around Gouda. In general, we see that each major
city in South-Holland has one or a few industrial areas that act as their main gate for water bound transport, though relatively in the
network they remain mostly less important. Overall, we also see that many industrial areas are relatively low in the use of water bound
transport, and, moreover,are not important in connection by water bound transport.

Finally, we cross-checked our centrality network with the spatial above-average analysis (cf. above 20% of the area is CE industrial
activities) (Fig. 5). The first thing that is noticeable is that many of these areas are not or minimally using water bound transport, the
former labelled as ‘not in the network’, and the latter with a high number. Conversly, we can see that some of the industrial areas that
in general are very central in the network, are not hosting a significant amount of CE activities. For example, Stormpolder doesn’t
appear in this selection, nor does the Groote Lindt. Also, all areas around Gouda are missing. The areas with the highest ranking in
centrality are Nieuwland-Nedstaal (place 4 in the centrality network), Wilheminahaven (place 12), ‘t Heen (place 13) and Binckhorst
(place 21). Zooming in on these areas, we found that the Nieuwland-Nedstaal area only hosts one CE company, though a company that
takes up a lot of area. For the Wilheminahaven, the LISA dataset shows that there is an important ship construction and reparation firm
present, which according to the used definition, is regarded as circular. This also explains its high rank in centrality, as such company
generates a lot and voluminous cargo, and is characterised by many local to regional processes. Other CE companies in this area are for
example engineering firms. Finally, we want to highlight also the Binckhorst area in The Hague, as this area differs in characteristic
with the others as it is inland and close or even within a major city located. The LISA dataset shows that the CE activities in the
Binckhorst account for a major waste treatment plant located there. This waste treatment plant has a local character, but every few
days it transports via a barge the residual waste to other areas in the province.

5. Discussion

The results of our scenario planning exercise indicate that three of the four scenarios suggest a significant increase in CE activities
within the province of South-Holland. These scenarios highlight the importance of spatial planning in accommodating CE growth, with
particular emphasis on water-bound industrial areas. The fourth scenario shows that the province could ignore the need for spatial CE
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Fig. 4. Centrality map of water bound industrial areas in South-Holland, in 2019; left with all industrial areas included, right excluding the in-
dustrial areas of the port of Rotterdam (source: authors).
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Fig. 5. CE industrial areas and their places within the network in the province of South-Holland (source: authors).

activities, as these would emerge outside the province and via logistical processes be imported and exported from further away,
arguably like the contemporary situation. Accordingly, in three scenarios, the provincial authority has, to some extent, realised this
upcoming need for space for the CE. At the moment, the Provincial authority doesn’t allow a quantitative decrease of the amount of
space for industrial activities. The only way industrial areas can be redeveloped, is by compensation somewhere else (Provincie
Zuid-Holland, 2020). However, one could question the effectiveness of this measure. First, other agendas have equal rights to claim
‘underused’ industrial areas. Especially in and around cities, the need for housing is a pressing societal issue. Second, the measure
doesn’t guarantee that it safeguards the most valuable ones today. The latter is always arbitrary, especially because we don’t know
what a CE precisely entails, though we can use some assumptions. As explained, today the province of South-Holland is a highly
urbanised region with saturated roads and railroads. If, even only slightly, CE activities increase in presence in the province, generating
more forth-and-back cargo movements, this will only add to this saturation. Facilitating CE activities through water-bound transport
can significantly alleviate the pressure on road and rail networks, offering a sustainable and efficient alternative for handling increased
cargo movements. But even safeguarding all water bound industrial areas is not yet precise enough.

Our results suggest that policy makers should prioritize safeguarding key water-bound industrial areas that are integral to CE
activities. First, there is a difference between the importance based on frequency and volume, and on the network importance. Quite
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obviously, the port of Rotterdam’s industrial areas score the highest on the former, but our analysis showed that these are not or almost
not connected to other industrial areas in the province. Facilitating the CE in the province of South-Holland is thus more promising
when considering what industrial areas outside the province play an important role. Here again, a difference exists between all ac-
tivities included or only focusing on CE activities. Our analysis showed that most CE activities and industrial areas do not or almost not
use water bound transport. And, if they do, it is mostly because of one company that generates a lot of water bound traffic in the
province, such as a ship construction and reparation company or waste treatment plant.

Nevertheless, this information is insightful. We could in detail show almost on company level what is happening, and thus what
location are today important in the CE, instead of regarding all 617 industrial areas as equally important; the latter having the risk
subsequently that none of those are important. Our policy recommendations are therefore to try to understand, further analyse, and
also safeguard the industrial areas that host today CE activities and are using water bound transport. These insights translate to several
levels. They are insightful for the ‘separate’ land use policy of port, city, and region, but also regarding the connection between all
these. Arguably, the network of connections is rather weak, and dominated by only one or a few industrial areas. If the port authority of
Rotterdam would intervene with the Botlek Europoort Oost, or the municipality of Krimpen-aan-den-IJsel wants to redevelop
Stormpolder into residential housing, this would directly have an impact on the network of water bound CE activities in the province.

6. Conclusion

In this paper, we have explored the intricate dynamics between the Port of Rotterdam and its hinterland through the lens of the CE,
particularly under the cloud of current uncertain times. Our problem statement explained that hereby, we brought together two strands
of literature. On the one hand the literature on the territorialization of the CE. We explained that if a spatial perspective is put at the
centre in operationalizing a CE, quicker it will be clear who and where is responsible for the CE and subsequently what (difficult)
choices must be made. This would first help to overcome greenwashing or a naive optimistic belief of a CE, as it would more quickly
become clear who or where problem externalization occurs, and at the same time who and where responsibility lies. Though, we also
stressed that with this ‘reality check’, the uncertainty would increase, as it would more quickly become clear that there are no easy
solutions, bur foremost difficult choices with uncertain outcomes. On the other hand, we introduced the literature on the role of ports
in a CE. To some extent departing from their quantitative growth model of the past few decades, ports are now faced with the challenge
of addressing ecological issues, creating more qualitative jobs, and, last but not least, contributing to new ways forward into an
increasing geopolitical uncertainty.. The connection between the two strands of literature is thus uncertainty of operationalization a
CE, by using the perspective of the spatial planning of ports.

Next, we explained how uncertainty has been developed within spatial sciences and focused on scenario methodologies. By
employing an explorative scenario planning approach, we embraced the inherent uncertainties and developed four distinct scenarios
to probe into the future of spatial planning within this context. Our research reveals that three out of four scenarios suggest a likely
increase in CE activities within the province of South Holland, pointing towards a growing recognition of the need for spatial planning
that accommodates CE principles. The findings underscore the significant yet variable role of water-bound transport in supporting CE
activities across the region, highlighting the criticality of certain industrial areas over others in facilitating this transition. Our research
has limitations, of course. First, we’ve used the SBI CE filtering that is not perfect as explained before. Second, our centrality of in-
dustrial areas based on volume doesn’t exclude a ship can be empty, or only partially filled. Third, scenario methodology remains to
some extent a speculative. As much as possible, we tried to back up our construction of these scenarios as much as possible with
relevant sources and references, though it remains a qualitative exercise.

Ultimately, our paper argues for a nuanced understanding and strategic safeguarding of these key industrial areas to ensure their
contribution to the CE transition. Thus, answering our main research question, we conclude that the CE transition necessitates a
reevaluation and adaptation of spatial planning practices in port and hinterland regions, with a particular emphasis on leveraging
water-bound transport networks to foster sustainable and resilient economic systems. This adaptation not only addresses the imme-
diate needs of the CE but also aligns with broader goals of sustainable development and resilience in the face of ongoing global un-
certainties. To conclude, we are convinced we are increasingly at a point where it is necessary to become more concrete of what a CE
realization entails, to go beyond the ‘win-win’ narrative, and to seriously discuss the needed (spatial) choices and consequences. Our
paper is only one and limited attempt to add to this discussion, though combining quantitative data (e.g. industrial ecology) with more
qualitative and political information (e.g. political ecology or economy) should become leading. Then, the right choice of case studies,
like ports or port cities (cf. Harrison et al., 2022), can help to get more rapid insights in what is going on, or what should be going on.
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