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But first, how do you understand an Industrial System?

6 / 64



ProjectionInventarisationFoundation

Supporting Infrastructures Industry

But first, how do you understand an Industrial System?

6 / 64



ProjectionInventarisationFoundation

Supporting Infrastructures ImpactsIndustry

But first, how do you understand an Industrial System?

6 / 64



ProjectionInventarisationFoundation

Supporting Infrastructures Impacts

Industrial System

Industry

But first, how do you understand an Industrial System?

6 / 64



ProjectionInventarisationFoundation

Supporting Infrastructures Impacts

Industrial System

Landscape

Functions
Morphology

Ecosystems
Society

Industry

But first, how do you understand an Industrial System?

6 / 64



ProjectionInventarisationFoundation

Where does this coexistence lead to?

Marine and 
Estuarine 

Sands

Marine and 
Estuarine 

Sands

Marine and 
Estuarine 

Sands

Marine and 
Estuarine 

Sands

Fluvial Clays, 
Silts, and 

Loams

Fluvial Clays, 
Silts, and 

Loams

Glacioflluvial 
Deposits

Eolian Sands Fluvial Clays, 
Silts, and 

Loams

10 m

5 m

15 m

20 m

4 km

8 km

12 km

16 km

20 km

24 km

28 km

32 km

Common Eider

Harbour Porpoise

European Plaice

Human

Oystercatcher

Harbour Seal
Seagrass

CO₂ NOx

CO₂ NOx
CO₂ NOx SOx

CO₂ NOx SOx

CO₂ NOx SOx

CO2, NOx, SOx, F, PFCs, HG, Cd

Carbon Cycle

Nitrogen Cycle

CO2, NOx, SOx, 
F, PFCs, HG, Cd

Wilhelmshaven

Bremerhaven

Nordenham

7 / 64

A landscape under pressure



ProjectionInventarisationFoundation

210020802060204020202000

40

60

80
Gt CO2 equiv / yr

-20

0

20

Implemented policies

Past 
emissions

Limit wa rming to 2°C

Limit warming to 1,5°C

Global CO2 mitigation paths (Source: IPCC, 2023)

Why now?

8 / 64



ProjectionInventarisationFoundation

Why now?

9 / 64



ProjectionInventarisationFoundation

Randstad
Ruhrgebiet

Hamburg

Man-Made Semi-Peripheral 
Landscapes

A Region Shaped by 
Borders

Pollution in a Fragile 
Landscape

Industry’s Infrastructural 
Footprint

The Throughput Nature of 
Flows

How to frame the problem here?

Functioning of the Industrial System

Pollution

Contemporary
Developments

Systemic
Legacies

Persistence

Volatility

Semi-Peripheral Location

Persistent Issues

Energy transition

Climate Change in the region

Crisis of manufacturing

Current urgencies

Problem statement
10 / 64



ProjectionInventarisationFoundation

How to frame the problem here?

Global
Markets

Randstad
Ruhrgebiet

Hamburg
...

H2 H2

H2!

Effects of Rising Sea Levels

Climate Change in the 
Hinterland

Changed Pattern of 
Manufacturing

New Dependencies of 
Renewables

Semi-Periphery, but 
Rethought

Functioning of the Industrial System

Pollution

Contemporary
Developments

Systemic
Legacies

Persistence

Volatility

Semi-Peripheral Location

Persistent Issues

Energy transition

Climate Change in the region

Crisis of manufacturing

Current urgencies

Problem statement

11 / 64



ProjectionInventarisationFoundation

How to frame the problem here?

+
Randstad

Ruhrgebiet
Hamburg

Global
Markets

Randstad
Ruhrgebiet

Hamburg
...

H2 H2

H2!

Functioning of the Industrial System

Pollution

Contemporary
Developments

Systemic
Legacies

Persistence

Volatility

Semi-Peripheral Location

Persistent Issues

Energy transition

Climate Change in the region

Crisis of manufacturing

Current urgencies

Problem statement

Functioning of the Industrial System

Pollution

Contemporary
Developments

Systemic
Legacies

Persistence

Volatility

Semi-Peripheral Location

Persistent Issues

Energy transition

Climate Change in the region

Crisis of manufacturing

Current urgencies

Problem statement

12 / 64

The region is a semi-peripheral 
“Operational Hinterland”

Climate change and deep 
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Situated in a unique and ecologically vulnerable zone, the Wadden Sea 
region functions as an operational hinterland defined by infrastructural 
throughput and industrial extraction. As climate breakdown intensifies 
and supply chains shift, its spatial logic is reaching its limits, demanding a 
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Transform
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the Industrial System of the Wadden Sea Region
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impact on functions, morphology, society and ecosystems?
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infrastructure influence and entangle with the 
socio-ecological and spatial systems of the 

Wadden Sea region?

SQ 2

SQ 3

What spatial pathways and leverage points can guide the 
transformation of the industrial system in the Wadden Sea 
region towards circularity and sustainability, accounting for 

uncertainties and competing priorities?

What do I want to find out – and how?
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system
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Sea Region

Research Question
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region be spatially transformed into a circular and sustainable 
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SQ 2

SQ 3

What spatial pathways and leverage points can guide the 
transformation of the industrial system in the Wadden Sea 
region towards circularity and sustainability, accounting for 

uncertainties and competing priorities?

SQ 4

Which strategic measures ensure actionable 
outcomes for functions, morphology, society and 

ecosystems and how can the approach be spatially 
translated into local design elaborations?

What do I want to find out – and how?
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How did this region become what it is?
800

1910

1500

1980

1850

2025

18 / 64



ProjectionInventarisationFoundation

How did this region become what it is?
800

1910

1500

1980

1850

2025

19 / 64

Adaptive occupation Engineered control

Infrastructural override



ProjectionInventarisationFoundation

How did this region become what it is?

Wadden
Sea

Dynamic
Intermediate 
Stable

0 10 20 km N

1:1.250.000
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What strengths can we build on here?

Soil Types

Wildlife and Biotopes

Freshwater and Terrain

Education and Workforce

Population Distribution

Land Use

Renewable Energy Generation and Distribution

Infrastructural Capital

Industrial Activity

Coastal Protection

Land Transport Networks

Water Transport Networks

Fossil Energy Generation and Distribution

Settlement Capital

Economic Capital

Natural Capital

Mapped Territorial CapitalCategory of Territorial Capital (Orsi et al., 2024, modified)

Human Capital

Application to and inventarisation of the 

Wadden Sea Region
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Wadden
Sea

Heavy Industry Chemical IndustryLight Industry
0 10 20 km N

1:1.250.000

Manufacture of basic metals
Fabricated metal products
Cement and construction materials
Paper industry
Recycling

Manufacture of motor vehicles Manufacture of basic chemicals

Manufacture ren. energy appliances
Manufacture machinery/ electronics

Shipbuilding
Aerospace industry

Oil refinery
Pharmaceutical industry

Food industry
Manufacture of bioproducts

Livestock plants

Settlement
Industrial Location

What strengths can we build on here?
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Soil

Dikes

Water & Terrain

Land Transport

Biotopes

Water Transport

Education

Fossil Energy

Settlements

Renewable Energy

Land Use Industrial Type

What strengths can we build on here?
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Energy Flows 
Germany
2022

Energy Flows 
Netherlands
2022

Source: Eurostat

Energy Types

How do materials and energy flow though this system?
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How do materials and energy flow through this system?
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What space types structure this industrial landscape?

Productive Motor Protective Motor Ecological Motor
Extraction, fabrication, 
logistics, large-scale industry

Dykes, defenses, safety 
systems, risk adaptation

Flora, fauna, biotopes, soils, 
ecosystem services

The Three Motors of the Region

Large Industrial Cluster

Urbanised Area

Marsh / Grassland

Infrastructural Line

Dike

Agriculture/Crops

Smaller Industrial Location

Wadden
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Cluster: Delfzijl

Wadden
Marshland/Meadow
Agricultural Area (Crop)

Sea

Forest
Urban Green (Park, Cemetery)
Peatland

0 1 2 km N

1:90.000Building
Building in Urban Centre
Building: Light Industry
Building: Heavy Industry
Building: Chemical Industry
Building: Biobased Industry
Building: Energy Generation

Harbour Basin
Rail Line
Road
Power Grid
Wind Turbine

What can we learn from that key space type?
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What logics shape industrial localisation?

Infrastructural Logic
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• Infrastructure enables scale, but 
cuts through urban/ecosystems

• Deepwater ports, rail and grids 
spatially isolate clusters

• Renewables offer a new layer, but 
not always in sync

• Industry overlays ecological 
and older water systems: Dikes, 
marshes, tidal zones, ditches

• Some clusters were developed 
planned, others grew more messily

• Typologies reflect legacy, functions 
and planning  
culture

• Industry follows Infrastructure

Infrastructure binds and 
breaks

Overwriting  
Nature

Planned and Patch-
worked

Ecological Logic Typological Logic
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Biogeochemistry

Ecosystem

€
€

€

Resources
Care

Politics 
& PowerEconomy & 

Wealth

Knowledge

Profit

People

Planet

How would a desirable future look like?
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Productive Motor Energy Transition

Building with Nature

Working with Nature

Circularity Transition

Adapting to Sea Level Rise

Shifting the Wet / Dry Balance

Changed Modes of Agriculture

Protective Motor

Ecological Motor

What can be leverage points for a sustainable circular metabolism?
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2025 20402030 2050 2075 2100

Productive 
Motor

Protective 
Motor

Ecological 
Motor

Other 
Areas

EU

Megatrends
(Continuous / 

Simultaneous)

DE

NL

EU

DE

NL

EU

DE

NL

EU

DE

NL

-55 % GHG Emissions

40 GW electrolyser
42,5% Renewable energy

EU as global CE leader

Combustion engine 
phase out

Circular material use 
rate doubled

10 GW electrolyser
Hydrogen Backbone

Abiotiac raw material 
use halved

Waterstofnet NL

CCS and electrolysers 
Noord NL

Niedersachsen 
climate-neutral

Energy backbone

Bremen
climate-neutral

8 GW 
electrolysers

No Net GHG Emissions

EU Circular Economy

Large scale hydrogen 
use across hard to 

abate sectors

Emissions trading 
system 

reaching zero

NL Circular Economy

DE Circular Economy

30% Land & Sea protected

Restore 20% of degraded 
ecosystems

Rewet 30% of drained peatlands
Restore all degraded 

ecosystems

Realise Deltaprogramma 
dike upgrades

maintain dike line

maintain dike line

Secure the Wadden Sea for 
future generations

220,000 homes 
in Noord NL

Phase out coal power

CO2-free 
building stock

1,500,000 homes 
gas-free

Lelylijn and
 Nedersaksenlijn

Restore 60% of 
degraded ecosystems

Circular 
agriculture

80.000 ha Natuur 
Netwerk NL

Stop peat extraction 
Niedersachsen

Ecologically sound, resilient 
agriculture

Restore 20% of degraded 
ecosystems

Restore 25,000 km of rivers 
to free-flowing state

Keep NL safe and liveable

Dike standards according to 
forecast Generalplan

AFOLU Emissions net zero

Accelerating 
technological 

change and 
hypercon-
nectivity

Aggravating 
resource 

scarity
Changing 

nature of work
Changing 
security 

paradigm

Climate 
change and 

environmental 
degradation

Continuing 
urbanisation

Diversification 
of education 
and learning

Widening 
inequalities

Growing 
consumption

Expanding 
influence of 
Global East 
and South

Increasing 
demographic 

imbalances

Increasing
influence of 

new governing 
systems

Increasing 
significance 
of migration

Shifting health 
challengesWhat can be leverage points for a sustainable circular metabolism?
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Hydrogen Import Terminal

Hydrogen electrolyser

Offshore 
Hydrogen 

electrolyser

Industry

End users

Electricity
Hydrogen

High-voltage grid

High-voltage 
converter station

Large scale 
battery storage

Wind onshore

Wind offshore

Converter station

Photovoltaic cells

Mid scale 
battery storage

Mid-voltage 
converter station

Hydrogen storage in former 
gas field

Hydrogen storage in 
salt cavern

Hydrogen storage in 
tanks

Heavy transport, shipping
 and aircrafts

20 ha

70 m

5,5 ha

0,5 PJ / km2

0,12 MW/ha

0,7 MW/ha

100 MW/ha

80 MW/ha

20-35 ha

20-35 ha

0,5-1,6 MW/ha 35-140 MW/ha

35-140 MW/ha

location-specific

location-specific

100 m

How do they translate into space claims?
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Energy Transition

Other Claims

Circularity Transition

Adapting to Sea Level Rise

Agriculture and Restoration

How do they translate into space claims?
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There is a strong competition for space: 
spatial claims are stacked and we see many 
simultaneous usage requirements (such 
as logistics, the energy transition, defence, 
circular economy)

I-1, Sustainability Officer (NL)

Perhaps the urgency just isn’t high enough 
yet – which is why people avoid tough 
decisions.

I-4, Business Representative (NL)

How do they translate into space claims?
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Technology

Global CircularityRegional Circularity

Smart Archipelago

Regenerative  
Neo-Hanze

Hyperdike
 Technotopia

Green Buffer  
Globalism

Nature

Which future do we build for, then?
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Which future scenarios emerge?
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Which future scenarios emerge?

Productive Motor

Protective Motor

Ecological Motor
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Which future scenarios emerge?

Infrastructure Lines Crop Agriculture

Urbanised Areas

Wadden Sea (Tidal Flats)

Large Industrial Clusters Marshlands

Smaller Industrial Locations

Dykes
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Which future scenarios emerge?

Infrastructure Lines
Scaled back and partly rewilded

Crop Agriculture
Remaining higher areas used for ecological corri-
dors and crop production incl. biobased feedstock

Urbanised Areas
Now often close to water, circular facilities

Wadden Sea (Tidal Flats)
Remains in place and expands, sedimentation

Large Industrial Clusters
Energy Islands

Marshlands
Rewetted, rewilded, extensive agriculture

Smaller Industrial Locations
Backbone of regional economy, waste = input

Dykes
Removed/out of use, replaced by terps46 / 64
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H2

H2

H2

H2

R

R

R R
R

R

R

R

Shipping routeWater

Wadden

Compartmentalised dike

Superdike

Terp structures

‘Green’ dike + buffer

Urbanised area

Industrial area/production

Port area

Rail / High-speed rail

Motorway

Ren. energy generation
Energy transmission
Hydrogen backbone

Wetlands

Marshlands (in/extensive)
Crops (in/extensive)
Forest

Nature protection

Which future scenarios emerge?
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Regenerative Neo-Hanze

Smart Archipelago

Green Buffer Globalism

Hyperdike Technotopia
Circular hubs spread across the area, defined by technical 
infrastructure serving the region itself and not other areas.

Territorial retreat with compact cities and restored wetlands, 
port cities become peripheral outposts in a decentralised 
bioregional network.

Fixed coastline with a massive sea closure, export-driven 
hubs dominate, hinterlands linked to the global ports via 
strengthened corridors.

Green buffer development with integration of ecology and 
productivity. Economic activity remains concentrated in 
existing hubs, but done differently.

Which future scenarios emerge?
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Smart Archipelago Hyperdike Technotopia

Green Buffer Globalism

“Technology will always be central.” (I-5)

“Ecologically sound, but somewhat naive for the 
next 50 years.” (I-5)

“Would require a return to the flexible way of 
living with water of centuries ago.” (I-6)

“This scenario feels uncomfortably unmanage-
able.” (I-8)

“Social drive is missing for such ecological pri-
oritisation.” (I-8)

“Seen as implying a loss of prosperity.” (I-3, 8)

“Once you start, you can’t just step back – this 
is a one-way path.” (I-9)

“Energy autonomy can reduce global conflicts”  
(I-9)

“Natural functions are assumed to be controllable 
here, but this requires immense ecological knowl-
edge.”  (I-6)

“The Delta Works cost 20% of Dutch GDP. That is 
just not affordable in a region like this.”  (I-8)

“Eventually the most realistic.”  (I-3, 4, 8)

“Post-crisis realism: this comes after climate crisis 
and the following biodiversity shocks.”  (I-9)

“Desirable, but I expect this only by 2150.”  (I-9)

“The cross-border logic is strong, but cultural/legal 
barriers persist.”  (I-6)

“Agriculture and nature can regain space here: this 
is a welcome direction.”  (I-9)

“What happens when a dike fails? One breach and 
the system collapses, overconfidence like in plans 
from the 1960s”  (I-6)

“The dike is a massive shipping bottleneck.” (I-9)

“However, such a large joint project could also bring 
the region closer together” (I-8)

“Technically interesting, politically unfeasible in Ger-
many’s federal governance system” (I-5)

“Strong conditions for vertically layered land use, 
which is positive”  (I-9)

Concerns about oversimplified control logic, 
upscaling and ecological blind spots

Feasibility, economic viability and societal 
impacts are all fundamentally questioned

Socially and ecologically fragile tech-utopia

Requires structural shifts in governance, societal 
mindset, culture and business

Valued for innovation and modularity

Praised (by some) as visionary and restorative

Might appeal to high-growth sectors

Seen as a desirable long-term systemic 
transformation

!

!

!

!

Regenerative Neo-Hanze

“Scenario approach with nature/global logic seen as 
promising, but slow.”  (I-2)

How to assess these scenarios?
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Restorative, socially fragile

Desirable but very distant

Modular but too controlling
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Smart 
Archipelago

Hyperdike 
Technotopia

Regenerative  
Neo-Hanze

Green Buffer 
Globalism

Regenerative Impact on Natural Cycles o – + +
Material Footprint o – + o
Dependency to Global Developments – – + o
Resilience to Climate Extremes o o + +
Cross-Border Implementation Potential + – o +
Basis for Broad Prosperity o + – o
Knowledge Infrastructure and Learning Capacity + + – +
Social Fabric and Inclusion – – + o
Systemic Vulnerability and Lock-ins – – + –
Territorial Coherence and Identity + o – +

Which future scenarios emerge?
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?

What pathways can guide us forward?
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Baseline interventions

Diverging futures

Tipping points

Nodal

Rooted
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Room for Manoeuvre

??

?

2025 2050 2075 2100

?NOW H2 R

Future State A
Nodal Circularity

Future State B
Rooted Circularity

Branching Moment
Tipping Points

• Climate change: What is the speed of sea 
level rise?

• Geopolitical alignment: Are global supply 
chains resilient or fragmenting?

• Trade policy and climate diplomacy: Are 
international carbon agreements being 
upheld?

• Infrastructure network: Has the hydrogen 
backbone been built to or through the 
region?

• Demographic reconfiguration: Are cities 
and rural areas becoming more integrated 
or polarised?

Baseline Interventions Zone of Divergence

EU Climate and 
Circularity Goals

Accelerate 
Fossil-Free 

Industry 
Transition

Complete 
Hydrogen 

Starter 
Infrastructure

Regional 
Circular 

Hubs

Restore 
Peatlands

Nature-
Based Flood 

Defences

Limit 
Development 
in Vulnerable 

Areas

Branching futures

!

More Adaptive 
Flood 

Management 
Plans

Scale Up 
Modular 

Manufacturing

Enhance 
Logistics 
Networks

Leverage Role 
as Energy 

Factory

Integrate both 
Advanced 

Technologies 
and Nature into 

Protection

Global 
Biodiversity 

Corridors

Achieve 
Resource 

Sovereignty

Community-
led 

conservation

Strengthen 
Local 

Resilience

Promote 
Localised 

Production

Sustainable 
Agricultural 

Practices

Expamd 
Coastal 
Buffers

What pathways can guide us forward?
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2025 20452035

Fossil-free Industry
Modular Manufacturing

Hydrogen Infrastructure

Peatland Restoration
Sustainable Agricultural Practices

Limit Development in Vulnerable Areas

Review Adaptation
Nature-based Flood Defences ?NOW

Regional Circular Hubs

What pathways can guide us forward?

Indicative Phasing
Baseline Interventions
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How does this Strategic Framework become spatial?
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0 10 20 km N

1:1.250.000

Settlement
Wadden
Sea

Energy grid

Energy area
Mobility network

Potential rewetting
Potential Cluster expansion
Large Industrial Cluster area

Large Cluster
Local Circular Hub

Broad green dike (Raising as long as possible)

New water landscapes
Green spine

How does this Strategic Framework become spatial?
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model, considering its role as an operational hinterland and its 
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How can the industrial production system in the Wadden Sea region be 
spatially transformed into a circular and sustainable model, considering 
its role as an operational hinterland and its impact on functions, 
morphology, society and ecosystems?

RQ

What spatial patterns and 
historical developments have 
shaped the industrialisation of 
the Wadden Sea region, and 
which territorial, ecological 
and infrastructural logics 
determined the localisation of 
key activities?
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the socio-ecological and spatial 
systems of thee Wadden Sea 
region?
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transformation of the industrial 
system in the Wadden Sea 
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sustainability, accounting for 
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Which tensions shape the future?
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Space Claims – Circular Economy

Backup
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up to 40 % more space needed (compared to today)
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Strategy Matrix – Productive Motor
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Seven Circle Assessment

Backup 13.1 Assessment of Engagement with the Seven Circles by Calisto Friant et al. (2024)


