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How to regenerate through design the minescape of 
Rhenish Mining Area towards an inclusive energy transition?
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Energy system
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How to regenerate through design the minescape of 
Rhenish Mining Area towards an inclusive energy transition?
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Transport routes industries

Hydropower storage

R&D & accessible area

Ecological corridors

Agriculture

Wind turbines

Industrial areas

Transport routes industries

Hydropower storage

R&D & accessible area

Ecological corridors

Agriculture
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Aquathermal lake

Aquathermal lake

Aquathermal lake

Water recreation

Beach front

Beach front

Beach front

Natural protection Daily visitors from Köln

Weekend visitors from Düsseldorf

Weekend visitors from Aachen

Weekend visitors from Neuss

Daily visitors from Mönchengladbach

New rail connection
Green tourism belt

Connection to Green Metropolis

Towns for tourism

Lakes

Natural and recreational areas

Wetlands

Urban expansion

Rivers

Train routes

Ecological corridors

Daily and weekend visitors

Towns for tourism

Lakes

Natural and recreational areas

Wetlands

Urban expansion

Rivers

Train routes

Ecological corridors

Daily and weekend visitors

Towns for tourism

Lakes

Natural and recreational areas

Wetlands

Urban expansion

Rivers

Train routes

Ecological corridors

Daily and weekend visitors

Towns for tourism

Lakes

Natural and recreational areas

Wetlands

Urban expansion

Rivers

Train routes

Ecological corridors

Daily and weekend visitorsTowns for tourism

Lakes

Natural and recreational areas

Wetlands

Urban expansion

Rivers

Train routes

Ecological corridors

Daily and weekend visitors
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Power plant

Power plant

Centre biodiversity

Key natural environment

R&D Hub

Power plant

Cleaning dump pollution

Key natural environment

Key natural environment

Pits surrounded by forest

Connect forests

Biomass production & 
phytoremediation

Biomass production with 
agricultural patches

Natural areas

New forests

Key complexes

Urban areas for densification

Biomass production replacing 
existing agriculture

Industrial rails

Biomass production & 
phytoremediation

Biomass production with 
agricultural patches

Natural areas

New forests

Key complexes

Urban areas for densification

Biomass production replacing 
existing agriculture

Industrial rails

Biomass production & 
phytoremediation

Biomass production with 
agricultural patches

Natural areas

New forests

Key complexes

Urban areas for densification

Biomass production replacing 
existing agriculture

Industrial rails

Biomass production & 
phytoremediation

Biomass production with 
agricultural patches

Natural areas

New forests

Key complexes

Urban areas for densification

Biomass production replacing 
existing agriculture

Industrial rails
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Theorethical framework

Landscapes
(Tuvikene et al., 2022)

Systems
(Ospina, 2019)

(Sanders, 2008)

Transitions
(Kemp, 2010)

(Coenen et al., 2012)

Energy
(Sijmons, 2014)

(Stremke et al., 2022)
(Ghosn, 2010)

Minescape
(Ey & Sherval, 2015)
(Méndez et al., 2021)

Operational Landscapes
(Brenner & Katsikis, 2020)

Transition Theory
(Markard et al., 2012)

Inclusivity
(Hernández-Santín et al., 2022)

Applicability
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Research frame

Systems Landscapes TransitionsProblematisation 
& Framing

What is an inclusive 
energy transition?

How can minescapes 
be regenerated?

How to create an 
inclusive energy 
transition from 
a societal and 
environmental 
perspective?

Theorethical 
Framework

Conclusion & 
Reflection

Transition theory
Inclusion

Energy systems
Energy 

landscapes
Systemic thinking

Minescapes
Regeneration
Operational 
landscapes

Cause and 
problems Policy 

framework
Global and 
European

Problems of the 
minescape

Reasons for the 
transition

What are the socio-
economic systems of the  
Rhineland mining district?

What are the green 
and blue systems of the 
Rhinland mining district?

What is the energy system 
(in Germany)?

In what system will the 
energy transition take 

place?

What are the systems of 
the minescape?

What are the possibilities 
and problems the systems 

have for the transition?

What are the socio-
economic aspects of the 

landscape?
What is the historical 

transtion of the 
landscape?

What are the qualities 
of the landscape for an 

energy transition?
What do energyscapes 

look like and how are they 
experienced?

What defines the 
minescape of Rhineland 

mining district?
How is the minescape 

experienced?

How can the minescape 
be transformed into an 
inclusive energyscape?
How will the green, blue, 

energy and social systems 
be transformed through 

these interventions?

What is the energy and 
spatial demand?

How can the energy 
transition be shaped 

inclusively?
What types of energy 

production can be 
implemented?

What are examples 
of the regeneration of 

minescapes?
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Solar energy

Hydro power
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Lignite mines
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Lignite mines
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Energy landscapes

Natural landscape

Socio-economic landscape

Energy landscape

Extraction Transport Use 
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Elements of the Energy Landscape

0 10 20 30 40 km

Power plant

Mine Railway

UrbanPower line
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Projection

Solar

Waste incenaration

Biomass

Aquathermal

Hydropower

Geothermal

Wind

Production Transport & storage Use

Power plant

Mine Railway

UrbanPower line
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120 km0 10080604020

km

120

20

40

60

80

100

Urban area

Urban core

Mineral extraction sites

Commute district



102/74Possibilities

0 10 20 30 40 km



103/74Aquathermal production

Collector

Use

Geothermal storage

Solar radiation

Wind

ConductionSeepage

Thermal radiation

Evaporation



(Tamiazzo, 2015) 104/74Phytoremediation

Diffuse & Deep Diffuse & Superficial Concentrate & 
Superficial

Concentrate & Deep

Phytoextraction Rhizodegradation PhytostabilisationPhytodegradation

Phytovolatilisation Natural remediation Natural remediation

Diffuse & Deep Diffuse & Superficial Concentrate & 
Superficial

Concentrate & Deep

Natural remediation PhytostabilisationNatural remediation

0

3.0
3.5

5.0

0

3.0
3.5

5.0

0

3.0
3.5

5.0

0

3.0
3.5

5.0

Heavy metals

Organic 
composts

polycyclic 
aromatic 

hydrocarbons 
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LigniteBased on: Sim, Y. S., RüFenacht, D., & Chaudhry, S. (2022). 
from https://topalovic.arch.ethz.ch/Courses/Student-Projects/HS22-Brown-Coal

Deforestation Leveling Excavation Transport Storage Transport Power generation Transport Use

Production Transport Production UseTransport
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Energy landscapes of Europe

500 4.000 km3.5003.0002.000 2.5001.5001.000
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Scale mines

0
4 8 12 16 20 24 28 32 36 40 44

- 100

- 200

- 300

- 400

- 500

Production in million tonnes

Jänschwalde

Welzow-Süd

Nochten

Reichwalde
Profen Vereinigten 

Schleenhain

Garzweiler
35 million tonnes
210 m deep
48 km2

Hambach
40 million tonnes
450 m deep
85 km2

Inden
19 million tonnes
230 m deep
17 km2

Depth in meters
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Scale minescape

0 10 20 30 40 50 60 km

10

20

30

40

50

60

km

115/74



Energy distribution
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North Rhine-Westphalia

Lower-Saxony
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Saxony
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Timeline of Lignite

440 million t

40 

400 

360

320

280

240

200

80

120

160

1880 20501950 1980 2010 2030Coal Nuclear Wind / Renewables Phase-out1800

2038
Phase out coal 

mining Germany

2030
Phase out coal by 
RWE in Rhineland

2010
“Energiekonzept”

2011
Fukushima nuclear 
disaster

1970
“Soft path” energy 

transformation
1918
End WWI, 
increase lignite 
mining

1912-1918
Building Goldenberg 
powerstation

1819
Discovery lignite near 
Inden

1945
End WWII, Split East 
and West Germany, 
dominance of lignite 
in Central Germany

2048
Exhaustion Lignite in 
Rhineland (based on 

current pace

1987
Chernobyl 
nuclear disaster

1992
Climate Conference 
Rio

1826
Start mining lignite by 
Karl von Goldstein

1876
Lowest point lignite 
sales, due to hard 
coal competition

Late 17th century
Discovery lignite as 
fuel

1880
Lignite mining Brühl

1906
RWE takes over power 
plant Berggeist

1984
Opening Hambach

2006
Opening Garzweiler II
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InterpretationsSpira (2000), Wolter (ca. 1925b), LWL-Medienzentrum für Westfalen (1920), 
Chatard (2017-2023), Wolter (ca. 1925b) Schlösser (2019) 118/74



LandscapeUnknown artist (ca. 1700), Kraus (1832) and unknown artist (1839) 119/74



120/74Phasing
2025 2030 2035 2040 2045 2050 2055 2060

Lignite mining

Retrofitting vacant power plants

Replacement panels
Production solar energy

Maintenance of green space

Production solar energy

Retrofitting vacant power plants
Cleaning soil

Placement solar panels buildings Replacement solar panels buildings
Subsidies solar panels

Connnection buildings to grid and batteries

Improving and creating bike lanes and pathways
Signage Signage

Expanding villages
Improving public spaces

Adding direct bikelanes to cities

Pumping of groundwater 

Transforming railways for public transport
Adding direct busroutes to main economic centers Updating busroutes

Expansion of electricity grid
Removal of railways

Creation of ecological corridor

Change ownership system
baseline measurement Measure impact Measure impact Measure impact Measure impact Measure impact

Expand and maintain system

Create policies and guides

Create policies and guides
Create biodiverse edges

Diversify agriculture production Help maintain diverse production through local markets and policies
Maintenance by farmers and municipality

Research effect and improve nationwide strategies

Retraining program mining sector

Test all power plants, mines and recultivated areas for pollution Phytoremediation mines
Phytoremediation recultivated areas

Phytoremediation power plants, where possible

12

14

18

24

9

19

22

6

2

13



121/74Phasing

2025 2030 2035 2040 2045 2050 2055 2060

Lignite mining

Creation windfields

Filling installation with water from Rhine Start battery usage
Creation of waterbasins and power installations

Loan system farmers
Replacement

Expand industrial areas at power plants
Connection to R&D center

Attract companies
Monitor environmental impact

Pumping of groundwater 

Opening up of R&D center
Expansion R&D center

Cleaning of power plant areas

Change ownership system
baseline measurement Measure impact Measure impact Measure impact Measure impact Measure impact

Expand and maintain system

Create policies and guides

Create policies and guides
Create biodiverse edges

Diversify agriculture production Help maintain diverse production through local markets and policies
Maintenance by farmers and municipality

Research effect and improve nationwide strategies

Design and research battery

Research new windfield possibilities

Temporal battery installations in power plants

Retrofitting for starter companiesCreation of green spaces
Organising of (outdoor) activities 

Spaces for energy history of area and energy transition exhibition

Remove railtracks Plant variety of speciesResearch typologies 

Specialisation: energy, water, ecology Attract and integrate with starter R&D companies

26

8

16

17

21

6

12

3



122/74Phasing

2025 2040 2055 2070 2085 2100 2115 2130

Lignite 
mining

Filling pit with water from Rhine

Improving and creating bike 
lanes and pathways

Create pathways 
around mine

Signage

Expanding villages
Improving public 

spaces

Adding direct bikelanes to cities

Implementing wishes

Organise activities

Transforming railways for public 
transport

Adding direct 
busroutes to main 
economic centers

Updating 
busroutes

heightening groundwater levels

Generating heat and cold

Remove 
railtracks

Research 
typologies 

Plant 
variety of 
species

Signage

Test current 
green spaces 

for polution

Phytoremediation where necessary

Diversifying species wetlands

Creation new 
green spaces 

edge mine

Phytoremediation

Bridging gaps between 
green spaces

Diversifying green spaces 
based on historic and 

necessary ecosystems

Start creating heat grid by 
neighbourhood

Determine process 
and phasing

Cleaning 
soil

Adapting heatpump Adapting heatpumpInstalling heatpump

Filling pit with water from Rhine

Creating 
groundbuffers

Phytoremediation around pit

Create green environment

Signage

Create 
beaches

Open discussion 
wishes locals

Monitoring water quality

Treating water for polution

Test water quality
Open lakes

Monitoring groundwater qualityDetermine baseline 
groundwater quality
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19

22
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123/74Phasing

2025 2030 2035 2040 2045 2050 2055 2060

Lignite mining

Test soil pollution
Adapt mine 
infrastructure

Collect urban biowaste in existing biomass power plants

Determine possible 
densificaiton areas

Pumping of groundwater 

Densifying from city centers

Opening up of R&D center
Expansion R&D center

Change ownership system
baseline measurement Measure impact Measure impact Measure impact Measure impact Measure impact

Expand and maintain system

Determine retrofitting process

Test current green spaces for polution Phytoremediation where necessary

Test all power plants, mines and recultivated areas for pollution

Specialisation: energy, water, ecology Attract and integrate with starter R&D companies

Creation new green spaces edge mine Phytoremediation
Bridging gaps between green spaces Diversifying green spaces based on historic and necessary ecosystems

Phytoremediation mines
Phytoremediation recultivated areas

Phytoremediation power plants, where possible

Determine 
planting 
patterns

Biomass production

Retrofitting for biomass heat 
generation

Energy production from biomass

Start creating heat grid by neighbourhood
Determine process and phasing

Retrofitting for 
biomass 
transport

Usage
Change to electrical system

Implementing green urban spaces
Densifying from city centers

Implementing green urban spaces
Evaluate population 
growth and needs

Educate on biomass usage (school trips, clear transport vehicles) Motivate farmers for biomass produciton (subisidies, policies)
Collect agricultural biowaste in existing biomass power plants

Start collecting natural waste for new power plants
Change collection urban waste to new power plants

Change collection agricultural waste to new power plants

13

23

11

20

21

6

10

15

25
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