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Motivation

• Germany wants to achieve greenhouse gas neutrality until 2045 [1]

• Need for wind expansion:

 Studies show need for significant increase in installed wind capacities (180 – 213 GW) [2-4]

 Easter package of BMWK1 proposes 10 GW/year and installed capacity of 160 GW in 2040 [5]

• Expansion not sufficient

 Acceptance problems of wind turbines due to visual impact and noise

 Regulatory inequalities between federal states

• What is the impact of legislation and acceptance on the possibility to build wind turbines?

1 BMWK: Federal Ministry of Economic Affairs and Climate Actions
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Methods

• Exclusion of not usable areas with open-source-
tool GLAES [6]

 Identification of land usage based on high 
resolution land usage datasets [7-19]

 Exclusion of 44 criteria

 Consideration of residential buildings for entire
Germany

• Placement of turbines on eligible areas with
GLAES [6]:

 Distance between turbines: 
8D* and 4D* in prevailing and transverse wind 
directions

 Reference turbine:
4.7 MW (Wind-class IEC IIIB)

 Calculation of legislation and nation-wide scenario

 Examination of sensitivities which have influence 
on acceptance and legislation

Initialization

Exclusions

Turbine Placement

1
98

 m

1
55

 m

* Rotor diameter
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Inequalities of Current Legislation

• Large variation between federal states‘ legislation lead to big differences in potential capacity

• Only 0.4% and 0.3% of area available in Bavaria and NRWx with current legislation

• Nation wide exclusion show that potential could be distributed more evenly

Federal state legislation*
(385 GW, 6.9 Area-%)

Nation-wide exclusions**
(403 GW, 7.3 Area-%)

* assumptions based on [20] 

and expert-based corrections
** 1000m / 3H to residential land use; 
forests not excluded; see appendix 

[20] Fachagentur Wind an Land, „Überblick Abstandsempfehlungen und Vorgaben zur Ausweisung von Windenergiegebieten 
in den Bundesländern“. 2021.

x North Rhine-Westphalia
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Sensitivity of Exclusions

This excluded 
area is unique

• Inner areas, forests, protected landscapes, and outer areas most influential criteria

• Outer areas not as influential because of lower buffer distance and large interaction with inner
areas

Independently 
excluded capacity

=
Capacity without 

excluding category
–

scenario capacity 

Inner areas: Coherent built-up
areas in accordance with
§34 BauGB

Outer areas: Areas, which 
are not included in inner areas 
and do not have a 
development plan 
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Inner areas: Coherent built-up areas in accordance with §34 BauGB

Nation-wide scenario
(403 GW; 7.3 Area-%)

6

Impact of Residential Land Use

• Distances to residential buildings frequently discussed in public and politics

• Highly sensitive regarding buffer distances

• Leverage for capacity potential in Germany

Forests excluded
(241 GW; 2.8 Area-%)

Protected landscapes excluded 
(287 GW; 4.9 Area-%)

Nation-Wide Scenario
NRW, Hessen
Bavaria (10*H)Outer areas: Areas, which are not included in inner areas and do not have a development plan 
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Conclusions

• Large inequalities between federal states’ legislation in Germany

• Nation-wide application of legislation in Bavaria and NRW might not be sufficient when
compared to different energy system studies

• Largest leverage on capacity potentials with distances to residential land use, forest exclusion, 
and protected landscapes exclusion

• Interdependency between parts of legislation have to be considered

Nation-wide scenarioFederal state specific scenario
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Thank you for your attention!

Contact: s.risch@fz-juelich.de
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Appendix: Exclusions Nation-Wide Scenario

Criterion Dataset Distance
Airfields [15] 1500 m
Airports [15] 6000 m
Biosphere (core zones) [8] 0 m
Biosphere (Development 
zones)

[8] Not excluded

Biosphere (Maintenance 
zones)

[8] Not excluded

Birds protected areas (SPA) [18] 300 m
Border [19] 100 m
Buildings commercial [14] 2H
Buildings health treatment [14] 1000 m
Buildings mixed usage [14] 3H
Buildings residential [14] 3H
Camping [15] 3H
Cemetery [15] 0 m
D-VOR [17] 10000 m
Farmland Not excluded Not excluded
FFH [18] 300 m
Forests [15] Not excluded
Grassland Not excluded Not excluded
Historical [16] 1000 m
Industrial/Commercial [15] 2H

Criterion Dataset Distance
Inner areas [15] 1000 m

Lakes [15] 100 m

Military [15] 0 m

Mineral extraction [15] 0 m

Mixed usage [15] 2H

Motorway [15] 40 + R

National park [18] 300 m

Nature park [8] Not excluded

Nature reserve (NSG) [18] 300 m

Outer areas [15] 3H

Power lines [15] 100 + D

Primary roads [15] 20 + R

Protected landscapes [18] Not excluded

Railways [15] 100 + D

Ramsar [18] Not excluded

Recreational [15] 0 m

Regional roads [15] R

Rivers [15] 100 m

Secondary roads [15] R

Seismic station [12] 1000 m

Slope >17° [13] 0 m

Stream [16] 0 m

VOR [17] 15000 m

Water protection (I&II) [7,9,11] 50 m


