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Urgency

The urgency of climate change and the link to energy (Becker et al., 
2017 ; McGrath, 2021).
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Location of the Ruhr
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Panarchy
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Figure 1: Examples of Dutch energy landscapes: (a) wind energy landscape; (b) fossil fuel energy landscape; (c) historical wind 
energy landscape; (d) coal energy landscape (De Jong & Stremke, 2020).

Energy landscapes can be described as: 
“observable landscapes that originate directly 
from the human development of energy 

resources’’ (De Jong & Stremke, 2020).

Energy 
landscapes
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Panarchy
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The Ruhr area, experiencing a socio-economic shift as a consequence of de-
industrialisation, is undergoing an energy transition - which goals will probably not be 
met according to modelling - next to the spatial pressure from the energy transition 
the Ruhr area is facing spatial pressure from climate change. These problems are 
not tackled in an integrated way, and do not use the specific peri-urban structure 
potentials of the Ruhr.

Problem statement
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How can a spatial development strategy for a climate resilient Ruhr 
area based on the specific peri-urban condition of the Ruhr lead to 
fulfillment for the now too limited energy transition? 

Main research question
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Approach
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Design solutions | Spatial contexual relation

The energy system and climate system (Arup, 2017 ; Open univer-
sity, 2021).
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S.E.L. 1Wind-mill park Dam & reservoir C.A. 4

Design solutions | mono-layered
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Design solutions | multi-layered
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The urgency of climate change and the link to energy (Becker et al., 
2017 ; McGrath, 2021).
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Design solution | relation in design
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Design solution | ecosystem services
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Design solution | ecosystem services
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Design solution | functions of ecosystem services
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Scenario building | Uncertainty in primary energy consumption 
and global temperature

Uncertainty in global temperature rise and primary energy con-
sumption (Nasa, 2019 ; IPCC, 2021).
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Scenario building | Defined scenarios
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Scenario building | chosen scenario’s
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Scenario building | Timeline with scenarios
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Design exploration | WSUD principles

Water sensitive urban design principles:

Evotransporation Infiltration Capturing and reusing
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Systemic resilience principles

Ecosystem servicesRedundancy through flexibilityAdaptability through modularity

Design exploration | Systemic resilience principles
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Design exploration | approach
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Design exploration | definition of patches

‘’elementary units, designed  as  discrete  entities  
within  the  territory,  characterized  by  an  inherent  

tendency  to  the  transformation  based  on  the  
relations  between  them’’

(Pisano, 2018)
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Design exploration | chosen patches
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Riverbank
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Current situation

Design exploration | riverbank
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Current situation

Design exploration | riverbank
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Current situation Optimistic scenario

Design exploration | riverbank
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Current situation Optimistic scenario

Design exploration | riverbank
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Pessimistic scenarioOptimistic scenario

Design exploration | riverbank



P5 | Reviving the Ruhr | 36 \ 78

Pessimistic scenarioOptimistic scenario

Design exploration | riverbank
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Green urban area
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Current situation

Design exploration | green urban area
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Current situation

Design exploration | green urban area
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Current situation Optimistic scenario

Design exploration | green urban area
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Current situation Optimistic scenario

Design exploration | green urban area
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Optimistic scenario Pessimistic scenario

Design exploration | green urban area



P5 | Reviving the Ruhr | 43 \ 78

Optimistic scenario Pessimistic scenario

Design exploration | green urban area
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Tekst groter. 

Design exploration | conclusions
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Design exploration | conclusions
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Design exploration | patch strategy
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Design exploration | patch strategy
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Design exploration | local strategy



P5 | Reviving the Ruhr | 49 \ 78
Design exploration | local hierarchy
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Design exploration | local hierarchy
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Design exploration | local hierarchy
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Design exploration | Strategic component
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Design exploration | strategic components
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Design exploration | strategic components
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Strategy building | tasks per governance level
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Strategy building | principles
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Strategy building | governance bodies
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Strategy building | paradigm shift
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Strategy building | using the three categories
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Concept: Algea + wetland Concept: Floating solarfield

Strategy building | physical context
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Strategy building | visualization of physical context
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Concept: Hub cityConcept: Greenblue streets

Strategy building | functional context
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Strategy building | visualization of functional context
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Concept: Waterstairs

Strategy building | network of the context
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Strategy building | visualization of network of the context
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Strategy building | regional
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Transport sector - electric transportIndustrial sector - power to heat (PTH) plantHousehold sector - green roof as isolationTrade sector - circular economy

Strategy building | paradigm shift
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Conclusions

How can a spatial development strategy for a climate resilient Ruhr 
area based on the specific peri-urban condition of the Ruhr lead to 
fulfillment for the now too limited energy transition? 
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Conclusions

How can a spatial development strategy for a climate resilient Ruhr 
area based on the specific peri-urban condition of the Ruhr lead to 
fulfillment for the now too limited energy transition? 
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Future implications

The urgency of climate change and the link to energy (Becker et al., 
2017 ; McGrath, 2021).
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Urgency

Uncertainty in global temperature rise (NOS, 2021).



Prepared the Peri-urban Ruhr for an uncertain 
energy & climate future. 
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Sources:
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The goal for the energy transition are clearly described. With the overall strategy defined, as 
well as the spatial manifestation of the different patches and their total area in the Ruhr, a brief 
calculation can be made on the quantification of the propositions.

Following the spatial analysis of the Ruhr area, the dimensions of certain areas were determined. 
Furthermore, following a literature review, the output potential of several renewable energy 
sources were defined. 

With the dimensions of the patches defines as well, an educated guess can now be made on 
how many output per area I propose in my design in the optimistic and pessimistic scenario of 
these patches. Based on a literature review, we assume that the 25% of the potential area for 
each renewable energy source is available (Barrington-Leigh & Ouliaris, 2017). 

This results in the following calculation; 
Optimistic: potential output per patch for the optimistic scenario / area of patch * 25% patch 
area in the Ruhr. 
Maximum: potential output per patch for the optimistic scenario / area of patch * 25% patch 
area in the Ruhr.

This calculation is visualized in figure 120. It indicates that both for the optimistic as well as for 
the pessimistic scenario, my proposed designs meet the goals for each of the scenarios. 

Figure 6: Calculation of area and energy potential (author, 2022. Derived from 
Barrington-Leigh & Ouliaris, 2017 and Copernicus, 2018). 

Figure 7: Calculation of energy output per patch in optimistic (left) and pessimistic 
(right) scenarios (author, 2022. Derived from Barrington-Leigh & Ouliaris, 2017 and 

Copernicus, 2018). 
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The proposed strategy has a more social approach, which has been visualized in the regional 
representation of the strategy and is further elaborated here. 

The implementation of the concepts on the local scale is a responsibility for the municipality. 
This has been done to give the municipality the opportunity, to adopt concepts to local problems 
or opportunities. A hub could be combined with a gym, a supermarket, a selling point for the 
urban farming or a supermarket. 

Furthermore, co-creation is used to aid in the participation of residents as well as other actors. 
This is done using the method described in figure 116. This moves from the solution of a current 
problem to the definition of a future problem, and is done using the second new governance 
body, combining local and topic knowledge. 

By doing so, Anna and Peter can voice their questions and remarks about the changes they are 
about to experience. 

Figure 8: Co-creation method and implementation in the Ruhr area  (author, 2022.  
Based on Dias et al., 2020). 
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Assesment
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Concept: Hub city
Minimum scenario

Description of concept:
A hub city is an area where parking is tackled centralised. This is done in a hub, a 
multilayered parking facility with a public function on the roof and in the plinth. 

Hierarchy:
Linked to greenblue streets, wall city, creek city,

System requirements:
Mobility transformation

Description of concept:
The hub city is transformed from a concept with urban farming to a concept with solar and 
wind production on the roof. This is done to optimise the potential of this surface. 

Concept: Hub city
Maximum scenario

Concept: Greenblue streets
Minimum scenario

Description of concept:
Streets where the main principle is the implementation of green and blue; public 
recreational and environmental creeks and meadow. This has a cooling effect and 
adapting effect in terms of heavy drought and precipitation.

Hierarchy:
Hub city, Creek city, Wall city, Waterfront

Description of concept:

The streems are transformed to form narrow canals, with a open bottom. This is done to 
further increase the capacity of this stream in times of heavy precipitation. Furthermore, 
energy production is added to the streets, in the shape of microwind turbines and floating 
solar panels. 

Concept: Greenblue streets
Maximum scenario

Concept: Working with water
Minimum scenario

Description of concept:
Where important regions close to water where a flooding risk is present, where 
buildings and the ground level are modified to work with water. Trenches are 
dug to and strategic new entrances are created. 

Concept: Tidal park
Minimum scenario

Description of concept:
An area, that is outerdike or innerdike, that is a public park, which depending on 
the water level, is either flooded, partly flooded or not flooded at all. 

Concept: Water & infrastructure
Minimum scenario

Description of concept:
Infrastructure in a highly densified area has the capacity to store water in times 
of major precipitation, this can be strategically implemented in, around and 
especially below infrastructure. 
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Concept: Energy mines
Minimum scenario

Description of concept:
A former mine or storage for bulk transformed to a biomass forest,. This biomass 
can be harvested from where electricity or fuel can be produced. 

Concept: Energy mines
Maximum scenario

Description of concept:
A former mine or storage for bulk transformed to a energy landscape, the sha-
pes dictate the renewable energy source, with wind driven energy production 
on the higher parts and solar energy production on the sides of these ‘hills’.

Concept: Energy = economy
Minimum scenario 

Description of concept:
Economic development is based on principles for sustainable energy landscape 
components or processes aiding climate adaptation, such as vertical farming or 
the production of  windmill components.

Concept: Loft urbanisation
Minimum scenario

Description of concept:
Transformation from industrial building (loods??) to a residential building. In this 
way, buildings are re-used and former industrial areas are kept intact and alive, 
with a transformation of service taking place. 

Concept: Food forest
Minimum scenario

Description of concept:
A food forest is a biomass production site where urban farming is implemented. 
The level of biomass production is a variable, depending on the scenario. With 
the minimum scenario, places for recreation are implemented. 

Concept: Food forest
Maximum scenario

Description of concept:
A food forest in the maximum scenario is transformed from a an area with a 
recreational component to an area for the production of energy and food.  

Concept: Public pocket courtyard
Minimum scenario

Description of concept:
A courtyard that is transformed to a public area, where, depending on the con-
text, the courtyard is transformed to a smaller public park, hub, or a combinati-
on of this. 

Concept: Public pocket courtyard
Maximum scenario

Description of concept:
In the maximum scenario, the height can be adjusted, with the plinths of buil-
dings activated. 
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Concept: Creek city
Minimum scenario

Description of concept:
Street where water is retained and transported through the city to counter UHI 
and provide public green area. These creeks are connected to a major river, 
canal or waterreservoir, where the height level provides results in potential 
energy. 

Hierarchy:
Linked to greenblue streets

Concept: Wall city
Minimum scenario

Description of concept:
A wall city is an area where the old (historical) wall of a city is reactivated and 
transformed into a ribbon park, with water, wind emphasis in a recreational 
park. 

Hierarchy:
Combined with Hub city, greenblue streets and creek city.

Description of concept:
A pocket solar field is a solar field that is shielded by surrounding (food) forests 
or other agricultural or ecological areas, disguising it and shielding it from the 
view of residents. 

Concept: Wall city
Maximum scenario

Description of concept:
In the maximum scenario, floating solar panels and hydropowerplants are ad-
ded. 

Hierarchy:
Combined with creekcity, greenblue streets, hub city.

Description of concept:
A pocket solar field is a solar field that is shielded by surrounding (food) forests 
or other agricultural or ecological areas from the view of residents. In the maxi-
mum scenario this can be transformed to a floating solar field, with water reten-
tion wind emphasis or transformed to a tidal park with solar energy power. 

Concept: Pocket solar field
Minimum scenario

Concept: Pocket solar field
Maximum scenario

Concept: Biomass forestation
Minimum scenario

Description of concept:
Biomass forestation is an an concept that is defined, designed and maintained 
for the sole production of biomass. In the minimum scenario this can be com-
bined with a recreational value of walking or resting, in a small park like setting. 

Concept: Biomass forestation
Maximum scenario

Description of concept:
Biomass forestation is an an concept that is defined, designed and maintained 
for the sole production of biomass. In the maximum scenario this can be com-
bined with wind emphasis and solar production. Some area’s can even be trans-
formed to aquaculture, where biomass is produced in partly submerged areas. 

Concept: Agrivoltaics
Minimum scenario

Description of concept:
A combination of agriculture and pv voltaics. This increases the efficiency of the 
agricultural process and protects the crops in times of extreme weather. 
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Concept: Algea + wetland
Minimum scenario

Description of concept:
An area that is a wetland, where the buffer areas, or areas that are unlickely 
to be flooded are areas where algeas are produced. This algea production can 
be used for biofuel. In the minimum scenario, this wetland has a recreational 
function. 

Concept: Algea + wetland
Maximum scenario

Description of concept:
An area that is a wetland, where the buffer areas, or areas that are unlickely to 
be flooded are areas where algeas are produced. This algea production can be 
used for biofuel. In the maximum scenario, this is combined with floating solar 
and wind emphasis. wetland has a recreational function. 

Concept: Wind emphasis
Minimum scenario

Description of concept:
Wind emphasis is the implementation of wind turbines on a line in the (urban) 
landscape, to emphasize that line. The level of wind turbines differentiates in 
the scenarios. In the minimum scenario, these turbines can be implemented in 
(crouded) urban areas.

Concept: Wind emphasis
Maximum scenario

Description of concept: 
Wind emphasis is the implementation of wind turbines on a line in the (urban) 
landscape, to emphasize that line. The level of wind turbines differentiates in 
the scenarios. In the maximum scenario, these turbines are bigger in size, placed 
further a part and have certain rules and regulations in the distance to certain 
surrounding functions.

Concept: Waterstairs
Minimum scenario

Description of concept:
Waterbody’s, different in size, all with a height level towards each other. This 
height difference creates potential energy, which can be transformed to kinetic 
energy. In this way, this offers a possiblity to produce and store energy through 
water. 

Concept: Waterstairs
Maximum scenario

Description of concept:
In a maximum scenario, these waterbodies can house floating solar panels, bio-
mass forestation in a aquaculture way or become a tidal park. 

Concept: Urban energy waterfront
Minimum scenario

Description of concept:
A urban waterfront is an area , , where urbanisation is taking part on and close 
to the water. 

Concept: Urban energy waterfront
Maximum scenario

Description of concept:
with wind emphasis, hydropowerplants as a consequence of creek city and 
floating solarpanels
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Concept: Floating solarfield
Minimum scenario

Description of concept:
Floating solar are several solar panels on a water body, they are floating and can 
thus adapt to the different water levels. 

Concept: Floating solarfield
Maximum scenario

Description of concept:

Concept: Roof infrastructure
Minimum scenario

Description of concept:
Infrastructure can be fitted with a roof, which can function as a ecological 
wedge in a city. This ecological function can also play a part in the water reten-
tion system of an area. 

Concept: Roof infrastructure
Maximum scenario

Description of concept:
In the maximum scenario, (a part of) this area can be fitted with either solar 
panels or wind turbines. 



P5 | Reviving the Ruhr | 92 \ 78

Agriculture Park

+ 
Multilayered, agriculture and solar and wind 
energy production

Biomass production

Biodiversity and ecologic corridor along edges

Implemented in urban areas

+ 
Countering air and noise pollution

Multilayered, water retention and energy pro-
duction can be imbedded in the fabric

Biodiversity and ecologic corridor

Leisure (reduce stress)

Countering UHI, cooling and shading

Pocketpark can be imbedded in urban fabric

social (meeting), Economic (increase value 
of area) and Enviromental (Water retention) 
consequences. 

- 
Production of greenhouse gasses

Effect on groundwater

Production is heavily climate dependant 

- 
Altering the park could alter/damage the eco-
logic structure

Meadow Forest

+ 
multilayered, solar and wind

Biodiversity and ecologic corridor along edges

Cooling

transform to agriculture

suitability for biomass production? 

water retention? 

certain geographical condition might make it 
suitable for hydropower and hydrostorage

+ 
CO2 storage

Biodiversity and ecologic corridor

Suitability for biomass production

Leisure (reduce stress)

Countering UHI, cooling and shading

Water retention

- 
Altering the meadow could alter/damage the 
ecologic structure

- 
Altering the forest could alter/damage the 
ecologic structure

Wetland River

+ 
Water retention

Biodiversity and ecologic corridor

Buffer space

Countering UHI, cooling and shading

Adjusted to serve as energy landscape, hy-
dropower

+ 
Water retention

Biodiversity and ecologic corridor

Hydropower

Hydrostorage

Countering UHI, cooling and shading

- 
Altering the wetland could alter/damage the 
ecologic structure

- 
Altering the river could alter/damage the eco-
logic structure

Creates a physical barriere between both sides 
of river

Buseniss sector / service sector Logistic area

+ 
Vast paved parking area, suitable for multi-
functional use, solar carports, wind energy 
production and urban creek for countering 
UHI.

Roof area highly suitable for solarpanels. 

+ 
Vast paved area, suitable for multifunctional 
use, solar and wind energy production

If close to canal, hydrostorage could be im-
plemented

Logistic area is often a node in a network, 
could function as a node in energy network

- 
Paved parking area is not suitable for transfor-
ming to urban creek, due to parkingpressure. 

- 
Logistics sector is a heavily polutant sector, 
requires a lot of energy. 
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Canal Industrial area

+ 
Cooling

Ecologic corridor and Biodiversity along em-
bankment

Water retention

Biodiversity and ecologic corridor

Hydropower

Hydrostorage
Countering UHI, cooling and shading

+ 
Needs to transform

Morphological shapes offer possiblity to im-
plement sustainable energy production into 
the area

heat network, residual heating

- 
Embankment disallows canal to be ecologic 
node, where crossing from one side to the 
other is not possible. 

Is restricted in possibilities due to foremost 
transport and logistical function as corridor in 
network. 

- 
Identity, so morphologically characteristics 
have value and can not be altered.

Pollutant

Leisure and sports area Public space

source

+ 

lot of green open space

applicable for solar and microwind

could be transformed to ecological corridor

+ 
Multifunctional

Multilayered

Solar, urban elements

Temporal

- 
Area works because of easthetics. Implemen-
tation of energy landscapes should be careful-
ly considerated.

- 
possible negative outcome

what are barriers for implementing this

In Urban areas, mostly paved,

Lack of ecologic corridor

City centre Historic city centre

source

+ 

Due to design, sufficient open space is gene-
rated

+ 

Designed for pedestrian

Economic strong area

Multifunctional

High concentration and variation of functions, 
creates attrection and economic value

- 
Often monofunctionally designed, not active 
throughout the entire day.

When closed, socially unsafe (mono-functi-
onal)

Lack of green spacces, designed for cars

Water retention is lacking

- 

UHI, due to design and materialisation

Lack of green spaces

Water retention is lacking

Energy landscape (renewable energy source) Energy landscape (non-renewable energy source)

+ 

Sufficient open spaces
Could be connected to ecologic corridor
Water retention could be imbedded in the 
patch

+ 

Drosscape, so a lot of possiblities

either hydropower, hydrostorage

- 
implementation aesthetically influences area

- 

Soil needs to be regenerated

ecologically unconnected
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Low density suburb (very low density urban fabric) Green suburb (low density urban fabric)

+ 
sufficient open green spaces

node/corridor in ecologic network

biomass production

solar energy production

could alter urban area to become, biomass 
production hub

Water retention is done naturally

+ 
sufficient open green spaces

node/corridor in ecologic network

could alter urban area to become, sustainable 
energy production hub, due to sufficient pos-
sibilities for energy production

playes key role due to availability of certain 
functions in relation to other smaller settle-
ments in the surrounding

Water retention is done naturally

- 
car dependant

monofunctional

poorly connected

- 
car dependant

Peri-urban (medium density urban fabric) Potential urban (disc. dense urban fabric)

+ 
node/corridor in ecologic network

playes key role due to availability of certain 
functions in relation to other smaller settle-
ments in the surrounding

connected via public transport and car

+ 

Designed for pedestrian as well as car

Well connected, via car and public transport

Concentration of function and variation of 
function

Microgrid is possible

- 
Located between edges, sufficient open space 
is lacking

- 
Clear ecologic corridor is lacking

Water retention is lacking

Lack of open spaces

No ecologic corridor

UHI

Road network

source

+ 

Due to function, possible to implement solar 
and wind energy production

aesthetically, (almost) anything is possible

Forms long nodes, could be linked to ecologic 
and energy network

- 

Forms a barrier, fron one side to another side 
for network operators such as residents or 
animals

Urban area (continuous urban fabric)

+ 
Designed for pedestrian

Well connected, public transport

Multifunctional

With concentration of network operators, 
heat network is possible

Roofstructure could be altered to function as 
a second groundlevel, with green rooftops and 
urban farming

- 
UHI

No ecologic corridor

No open space, buffering is not possible, solu-
tions only possible in multi-layered way. 

Water retention is not possible naturally

Rail network

+ 

Due to function, possible to implement solar 
and wind energy production

aesthetically 

Forms long nodes, could be linked to ecologic 
and energy network

- 

Forms a barrier, fron one side to another side 
for network operators such as residents or 
animals

Lack of sufficient green and open spaces

Lack of ecologic corridor

Water network

+ 
Water retention

Biodiversity and ecologic corridor

Hydropower

Hydrostorage

Countering UHI, cooling and shading

- 
Altering the river could alter/damage the eco-
logic structure

Creates a physical barriere between both sides 
of river

Buffering needs to be taken into account, sin-
ce flooding has enormous influences
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Energy network Ecologic network

+ 

ecologic corridor

water retention

sufficient open space

solar and wind production can be added to 
network

+ 

Can be transformed to implement secondary 
function in relation to energy production

UHI

Can serve multiple functions, as long as it is 
connected to network

- 

certain functions are excluded from use, due 
to safety

Heat, below ground
Fuel, transported, otherwise below ground
Electricity

- 

Altering the structure could alter/damage the 
ecologic structure

Certain functions are excluded, to preserve 
the ecological function
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