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ABSTRACT 

Forests provide ecosystem services, whereby near-natural forests offer mainly cultural as well 

as regulating services, and economical forests offer mainly provisional services. Even though 

wind resources above forests show a strong wind shear and veer as well as high turbulence 

intensity, the development of tall and low-wind-speed-adapted turbines led to the feasibility of 

wind power development in economical forests, adding a new land use.   

Nonetheless, wind power in economical forests is still a new concept for Germany. So far, only 

eight of the 16 federal states enable this by forest law and spatial planning programs driven by 

land-use pressure and the goal of climate neutrality. Lower Saxony is currently amending its 

spatial planning program to open economical forests for wind power. The thesis aims to 

improve the understanding of the actors’ perspectives and federal-state-specific circumstances 

in Lower Saxony regarding this policy shift supported by a constellation analysis. A 

constellation analysis helps to perceive multiple perspectives by creating a diagram and 

textually describing the situation to identify, present, and elaborate relevant constellation 

elements and their relation to each other. The constellation analysis highlights that the 

development should add a local value to impacted municipalities and communities by following 

the principles of distributive and procedural justice. This facilitates local acceptance. However, 

environmental and landscape impacts are the main driver for local opposition in a forest context. 

Thus, the development shall strive for nature compatibility.  
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NOMENCLATURE 

AEE  Renewable Energy Agency – Agentur für Erneuerbare Energien  
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KSG Climate Protection Law – Klimaschutzgesetz 

KTH  Royal Institute of Technology 

LROP  Spatial planning programs – Landes-Raumordnungsprogramme 

NFL   Federal Forest Authority – Niedersächsische Landesforsten 

NGO  Non-governmental organization 

NLWKN  Authority for Nature Conservation in Lower Saxony –   

Niedersächsischer. Landesbetrieb für Wasserwirtschaft, Küsten- und 

Naturschutz 

NwaldLG Forest Act of Lower Saxony – Niedersächisches Landeswaldgesetz 

REWS  Rotor equivalent wind speed 

ROG  Spatial Planning Act – Raumordnungsgetz 
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SEA  Strategic environmental assessment 

TU Berlin  Technical University Berlin – Technische Universität Berlin  

UVPG Environmental Impact Assessment Act –  

Gesetz zur Umweltverträglichkeitsprüfung 

WVW  Trade Association for Wind Turbines  – Wirtschaftsverband Windkraftwerke  
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1. CHAPTER INTRODUCTION 

Germany has clearly defined sustainability and climate protection goals based on the European 

Green Deal and the value of climate and generation justice. Namely, the greenhouse gas 

emissions shall be reduced by 65% by 2030 and 88% by 2040 compared to values from 1990, 

leading to greenhouse gas neutrality in 2045. Additionally to a reduction of greenhouse gas 

emissions, natural carbon sinks like wetlands and forests contribute to climate neutrality by 

capturing inevitable emissions caused for instance by livestock farming (KSG 2021). Therefore, 

German spatial planning law requires that sufficient space is provided for climate change 

mitigation measures like reducing and capturing greenhouse gases but also adaptation measures 

such as improving the resilience of forests (§2 ROG 2020).  

Renewable energies represent an important cornerstone to reach a climate-neutral nation. 

Thereby, wind power has a leading role in the German energy transition because Germany has 

good wind resources, the technology is mature, and has comparably low producing costs 

(Eichhorn et al., 2019). The German Renewable Energy Act and the forerunner act streamlines 

the expansion of renewable energies since 1991. The expansion target for onshore wind energy 

is an installed capacity of 71 GW by 2030, which would in combination with other renewable 

energies fulfill 65% of the estimated gross electricity consumption of Germany (§4 EEG 2021). 

The installed capacity of onshore wind turbines was 54.5 GW in 2021 (Kigle et al., 2022). 

However, the coalition contract of the current government includes the goal to reach an installed 

capacity of onshore wind power of 100 GW by 2030 to provide 80% of the electricity by 

renewable energies. In consequence, 2% of the national territory should be designated for 

onshore wind energy, which equals to 715,200 ha (SPD, BÜNDNIS 90 / DIE GRÜNEN and 

FDP, 2021). Currently, only 0.8% of Germany's territory is designated for onshore wind power 

(Kigle et al., 2022). Germany is federally organized, hence goals like this are directly delegated 

to the federal states. Therefore, all federal states need to designate 2% of their area for wind 

energy, which will be prospectively included in a new law for onshore wind energy 

development (BMWK, 2022a; Stiftung Klimaneutralität, 2021). This availability of space 

would be more than enough to reach the national development goal (Kigle et al., 2022).  

Furthermore, the extension of renewable energies is not only relevant to support climate 

protection, but also to decrease the national dependency on the import of fossil energy sources 

like natural gas. The Russian-Ukrainian war underlines the importance of this endeavor 

(BMWK, 2022b; Link, 2022; Sullivan, 2022).  
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Technical development of suitable turbines for forest sites, land-use pressure, and the legal 

framework and goals are driving forces to encourage wind power development in German 

forests. Eight of the sixteen federal states already enable development in the forest and Lower 

Saxony is currently amending its spatial planning program to become the 9th. However, wind 

power in forests is still a new development for Germany, which means less experience in the 

national wind industry but also in society with this project type compared to wind parks in the 

open landscape. The German Renewable Energy Agency (AEE – Agentur für Erneuerbare 

Energien) conducts regularly a representative survey to monitor the acceptance of renewable 

energies. The AEE survey conducted in December 2020 asked specifically if wind parks should 

be realized in economical forests. The results reveal a low acceptance of wind power 

development in economical forests: only one-third of the participants find that useful, and more 

than half find it not useful, 13% have no opinion or did not answer the question (see Figure 1) 

(AEE, 2021a).  

 

Figure 1: Acceptance of wind energy in economical forests in Germany. The majority of the German citizens (54%) reject 

wind power development in economical forests but one-third find it reasonable. The survey was conducted in December 2020 

with a sampling size of 1,051 participants (adopted from AEE, 2021a, translated by author)  
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Public rejection can be a barrier to wind power development (see chapter 2.5). The limited 

experience and the low public acceptance of wind power development in forests on the national 

level indicate the relevance of this thesis. The thesis aims to improve the understanding of the 

actors’ perspectives and federal-state-specific circumstances in Lower Saxony regarding the 

opening of economical forests for wind power development by the current amendment process 

of the spatial planning program. A constellation analysis supports this elaboration by 

identifying constellation elements of wind power development in economical forests in Lower 

Saxony and investigating their relations to each other. A constellation analysis is a 

methodology, which helps to perceive multiple perspectives by creating a diagram and textually 

describing the situation. Therefore, relevant factors are classified into the four types of 

constellation elements: actors, natural elements, technical elements as well as signs/symbols 

(TU Berlin, 2020). Thus, the aim of the thesis is to add stability to the new development and 

facilitate a successful, permanent, and sustainable opening of the forest in Lower Saxony for 

wind power development.  

The following chapter 2 will provide the necessary background information to put wind power 

in forests, but especially in Lower Saxony, into context. This chapter reviews the legal 

framework as well as relevant literature. Chapter 3 presents the method ‘constellation analysis’, 

which is applied in this Thesis to elaborate perspectives on the enabling of wind power 

development in Lower Saxonian forests. Chapters 4 and 5 are designated to present and discuss 

the constellation diagram respectively, which leads to a conclusion in the final chapter 6.  
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2. CHAPTER BACKGROUND AND LITERATURE REVIEW 

2.1. Feasibility of wind energy and characteristics of wind resources in German 

forests 

Even though forest decreases wind speed and increases turbulence intensity, the development 

of taller and low-wind-speed-adapted wind turbines led to the technical and economic 

feasibility of wind parks in forest areas (Bunzel et al., 2019; Enevoldsen, 2016; Ewen and Lenz, 

2021). Nevertheless, projects in forests are more cost-intensive compared to open landscapes 

because of the tower height requirements (Kress, 2018). The wind resources in German forests 

are promising, especially on the hilltops in the low mountain ranges which are typically covered 

with forest (Kress, 2018; Quentin and Tucci, 2021). Wind power in forests is a rather new 

concept for Germany (more in chapter 2.3) but not for Europe in general. 

Enevoldsen (2016) conducted a meta-study to analyze the risk awareness and understanding 

regarding wind energy in forests in United Kindom, Denmark, Sweden, and Norway and 

identifies relevant research gaps. In total, he assumed ten risk categories, which are relevant for 

wind energy in forests, and differentiated between construction, operation, and 

decommissioning phases (see APPENDIX A). He detects that research focuses on risk 

regarding site and wind resource assessment as well as land use, which is closely related to 

public opposition (see more regarding public acceptance in chapter 2.5). Both risks appear 

during the construction phase. In contrast, financial, socio-economical as well as environmental 

risks during construction, operation, and maintenance are insufficiently investigated. However, 

research published since 2016 improves the understanding or even reduces the risks like the 

Forestwind project, which was a cooperation of the Uppsala University, WeatherTech 

Scandinavia, the Royal Institute of Technology (KTH), Chalmers University of Technology, 

and Teknikgruppen. The second project report proves the successful realization of wind power 

in Swedish forests but also highlights necessary considerations. The report provides insights 

regarding wind resource assessment and estimated annual energy production in forests and 

suggests some approaches to minimize the risks. Wind resource uncertainties can be caused by 

measuring but also model uncertainties (Mohr et al., 2018). 

The wind above forest areas is characterized by strong vertical wind shear and veer, which 

means that the wind speed and direction change heavily over a small increase in altitude. 

Whereby, the turbulence is stronger and wind shear weaker during the day than at night. 

Additionally, turbulence bursts in otherwise calm wind conditions are common in forests, which 

leads to high loads. These sudden interruptions of the laminar flow are usually not considered 
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for production estimations but influence the operation and fatigue of turbine elements. They 

can last up to 20 minutes and are most common during nighttime and in stable atmospheric 

conditions. (Mohr et al., 2018). Turbulence, resulting in loads and structure fatigue, lead to 

uncertainty of the business case and is thus a risk of wind power in forests (Enevoldsen, 2016).  

In general, six factors influence the power production of a turbine in forests: wind speed, air 

density, vertical wind shear and veer, turbulence intensity, and especially in complex terrain 

inflow angle (Stuart, 2014). These factors depend of course on atmospheric stratification, which 

is hence crucial to consider (Bergström et al., 2013). The increase of rotor-swept areas with 

turbine size enhances the variety of wind conditions in the rotor-swept area. This effect is even 

stronger in forests due to the large wind shear, veer, and turbulence. Therefore, the Rotor 

Equivalent Wind Speed (REWS) should be used in power curves to reach an accurate estimation 

for the annual energy production instead of the wind speed at hub height (HHWS). The REWS 

is generated by dividing the rotor swept area into horizontal segments to determine the kinetic 

energy flux and thus considers the divergence over the swept area (Mohr et al., 2018; van Sark 

et al., 2019).  

The forest properties influence the wind resources above forests because they affect roughness 

length and displacement height. Relevant characteristics are for instance tree height and density 

(Mohr et al., 2018). The higher surface roughness requires a higher distance between turbines 

compared to open landscapes to ensure feasible wind resources (Kigle et al., 2022). 

Furthermore, clearance also impacts the local wind resources; whereby turbulence can not be 

sustained and the wind speed increases around the windward clearing edge and decreases 

around the downwind edge. The longer the clearance is, the stronger its vertical impact. 

However, in higher altitudes above the clearance (two canopy heights), the wind slows down 

(Bergström et al., 2013).  

Mast and remote sensing measurements coincide for the mean wind profile above forests but 

diverge regarding turbulence intensity, which might lead to wind resource uncertainties. The 

International Electrotechnical Commission recommends that in complex terrain, remote 

sensing devices should be used only after verification with a met mast. Applying standard 

values for roughness length out of look-up tables leads to model uncertainty, whereby 

roughness length based on laser scans leads to good modeling results (Mohr et al., 2018).   

Industry-established models for wind resource assessment underperform in forest sites due to 

the terrain complexity (Dellwik, Landberg and Jensen, 2006; Enevoldsen, 2016). An 

appropriate wind resource assessment would require a Computational Fluid Dynamics (CFD) 
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model, but their application is not common in the industry because they require high computing 

power and processing time (Asmuth, 2022). The ORFEUS model (ORFEUS: On Resource 

optimization For Energy USage) developed at KTH addresses this problem. It is a linearized 

model with low computing power and processing time compared to a CFD but still leads to 

satisfying accuracy, comparable with CFD results. ORFEUS requires only two inputs: the 

forest-density distribution and the terrain height. Therefore, it can also be applied to study the 

impact of forest density, forest configurations, clearings on wind resources, and forest/wind 

turbine interactions. It performs well in neutral and stably stratified atmospheric conditions, 

which are the relevant conditions for the wind industry. However, ORFEUS still requires 

improvements, especially regarding wake effect modeling (Mohr et al., 2018; Segalini, 2017). 

The development of the ORFEUS-model indicated the advances in risk reduction for wind 

energy in forests by research but equally highlights its weaknesses that more research is 

required. Therefore, the German wind power development in forests depends on further 

research to reduce risks and can benefit from the industry experiences in other, forest-rich 

European countries, such as Sweden. A good understanding of the impacts of forest conditions 

on wind resources, supported by wind resource modeling allows optimized planning, annual 

energy production as well as revenue forecast, and thus reduces economical risks. This can also 

reduce social risks as it facilitates the development of a feasible community financial 

participation scheme (see chapter 2.5).  

2.2.Status of forests in Germany with a focus on Lower Saxony 

The total forest area in Germany shows an increase to a stable trend: in 1990, forests covered 

11,300,000 ha, and in 2015 respectively 2020, 11,419,000 ha (Statista, 2022). Overall, forestry 

is with 32%, the second-largest land use in Germany, only exceeded by agriculture with 52% 

(Kress, 2018). 

Independent of federal differences in legislation, the development of wind power projects 

focuses on economical forests dominated by coniferous species like spruce and pine, which 

commonly have low biodiversity and recreational value. In contrast, deciduous or mixed 

deciduous and coniferous forests provide many ecosystem services (see chapter 2.6). These 

areas along with protected forest areas are disqualified for wind power development (Jensen et 

al., 2021; Kress, 2018; Quentin and Tucci, 2021). Nevertheless, Bunzel et al. (2019) state that 

8% of the turbines in German forest stand in deciduous forests but the majority is in coniferous 

forests with 57%; the remaining 35% are located in mixed forest. 
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Spruce and pine trees are common in the forest industry because they are fast-growing species 

but less resilient. Pines dominate over spruces in economical forests in eastern and northern 

Germany, which is also the case in Lower Saxony with 28.6% pine and 16.4% spruce trees 

(Quentin and Tucci, 2021; Thünen-Institut and BMEL, 2012a). However, spruces dominate in 

low mountain ranges including the Harz in the south of Lower Saxony (BMEL, 2016). One 

quarter of the forest in Lower Saxony is strongly influenced by humans (Thünen-Institut and 

BMEL, 2012c).  

Lower Saxony is with roughly 4,800,000 ha, the second-largest federal state of Germany after 

Bavaria. Even though the forest relative share of Lower Saxony is only 25%, the absolute area 

of forest is large with more than 1,200,000 ha. Whereby, the forest concentrates afar from the 

North Sea coast, in the middle, south, and east of the state (BMEL, 2016). The Lower Saxony 

Plain has low forest share without contiguous forest areas already since the Middle Ages but 

nonetheless small, historic, valuable forest patches. In contrast, in the mountain ranges in the 

south of Lower Saxony continuous and large forest areas are common since the 18th century 

(see Figure 2). However, this does not mean that all stands are old and valuable but also include 

younger monoculture areas (WVW, 2021).  

 

Figure 2: Topographical and political map of Germany. Lower Saxony (Niedersachsen) is in the north of Germany with a 

coastline to the North Sea. 25% of the state is covered by forest, which concentrates afar from the North Sea coast, in the 

middle, south, and east of the state (IamExpat Media, n.d.; Maps of the World, n.d.).  
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Even though Lower Saxony has a policy to inhibit the conversion of old, near-natural forests 

for other land uses, street construction and mining are drivers for forest conversion. Thereby, 

the loss of forest area as well as the decrease of quality due to disruption of forest climate, the 

input of substances, and barrier effect, are unfavorable. The function of old, near-natural forests 

cannot be compensated by afforestation and reforestation (Nds. ML, 2021b).  

Furthermore, the forest suffered because of droughts, fires, storms, and calamities such as bark 

beetles. Climate change leads to more extreme weather events like long dry periods in Germany, 

which increases the sensitivity towards other threats like the previously listed. Spruces have an 

especially low resilience because of their shallow root system compared to oaks or pines. Thus, 

they suffer more in dry conditions and fall easily during storms and strong rains (Quentin and 

Tucci, 2021). The negative impact of extreme weather events, calamities, fungal infestations, 

and substance inputs on forests can be recognized in Lower Saxony as well (Nds. ML, 2021b).  

Therefore, the forest industry aims to transform monocultures into mixed forests to adapt to 

climate change and increase resilience in Germany, likewise Lower Saxony (Jensen et al., 2021; 

Nds. ML, 2021b; NFL, 2018). This is positive for biodiversity, too. Although, it means that 

prospectively, fewer forest areas are suitable for wind energy because the portion of pure 

economical monocultures will decrease. Required afforestation and reforestation of clearing 

areas for the construction and after the decommissioning of wind turbines, can support this 

forest transformation process by planting more locally adapted species (Quentin and Tucci, 

2021).   

Overall, nearly half of the forest in Germany is privately owned, 29% is owned by federal states, 

19% by cities and municipalities, and the minority by the national state. The ownership 

structures in Lower Saxony comply with the national pattern, however, cities and municipalities 

are less relevant in Lower Saxony than on the national level (BMEL, 2016) (see Figure 3).  



9 

 

 

Figure 3: Ownership structures of forests in Germany and Lower Saxony in terms of area percentage. On the national level, 

nearly half of the forest is privately owned but the share is slightly bigger in Lower Saxony with 59%. The national state is a 

rather insignificant owner. On the national level, the forest share owned by cities and municipalities is nearly double compared 

to Lower Saxony (created by the author based on data by Thünen-Institut and BMEL (2012b).  
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2.3. Development of wind energy in German forests 

Wind power in German forests shows a strong expansion trend during the last decades. In 2009, 

the installed capacity was 550 MW and in 2020 it was roughly ten times more with 5.7 GW, 

which is roughly 10% of the total installed capacity onshore (Kress, 2018; Quentin and Tucci, 

2021). The development concentrates on five of the 16 federal states in Germany: Baden-

Wuerttemberg (921.1 MW), Bavaria (793 MW), Brandenburg (891.3 MW), Hesse 

(1,292.4 MW), and Rhineland-Palatinate (1,232.7 MW) (Quentin and Tucci, 2021). The 

dominance of these federal states is not surprising because they have large proportions of 

forests, which are above the national average of 30% as presented in Figure 4 (Bunzel et al., 

2019; Kress, 2018). Furthermore, three more federal states have considerable development of 

wind power in forests: North Rhine-Westphalia (246.6 MW), Saarland (222.5 MW), and 

Saxony (50.3 MW) (Quentin and Tucci, 2021). 

 

Figure 4: Forested areas of German federal states in percent and the legal conditions for wind power development in forests. 

Forest areas in Brandenburg and Berlin as well as Hamburg and Bremen, respectively, are reported together in the current 

federal forest inventory from 2012 (BMEL, 2016) (adapted from Quentin and Tucci, 2021, p. 19, translated by the author) 

In general, wind energy in forests is still a new concept in Germany (AEE, 2021a). Several 

factors drive this strong development in Germany, namely the previously mentioned 

development of larger turbines (see chapter 2.1), increasing land-use pressure as well as the 

creation of legal frameworks that support or at least enable wind power development in forests 

(Kress, 2018; Quentin and Tucci, 2021). 

2.3.1. Land-use pressure as a driver to open forests for wind energy   

At the beginning of wind power in Germany, the development was mainly located in northern 

Germany. The coasts and the flat terrain lead to good wind resources. Further, the simple terrain 

distinguishes the areas as easy to access during the construction phase. In contrast, slopes and 
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obstacles, like trees, decrease the accessibility of the area because it impedes the transportation 

of large elements, especially in curves, and the erection of cranes. But over time the high 

demand for suitable sites promoted the development of complicated sites and thus the 

development of projects in forests (Kress, 2018). Nonetheless, the federal states in northern 

Germany still have the highest, new installed capacity per year. And Lower Saxony has a total 

installed capacity of 11.7 GW, which is 21% of the total installed capacity in Germany and the 

highest in a national comparison of the federal states (Deutsche Windguard, 2021).  

Einig et al. stressed already in 2011 that the national development goal of renewable energies 

demands more designated areas for wind energies. The defined goal to designate 2% of the 

national territory and hence of each federal state void this criticism because it will provide 

sufficient area to reach the German development goals (Kigle et al., 2022). The responsibility 

and importance of the federal states to enable wind power in forests depend on the forest share 

of the federal territory (Kress, 2018). 

In contrast to the not yet legally binding national goal of defining 2% of the territory for onshore 

wind power, Lower Saxony aims for 1.4% of the federal territory until 2030, afterwards, it 

should increase up to 2.1% (Nds. ML, 2021a §4.2.1-01; Nds. ML, 2020b). These expansion 

targets of Lower Saxony allow for an installed onshore capacity of 20 GW by 2030, and the 

2.1% afterwards allow for 30 GW (Niedersächische Staatskanzlei, 2021). 

Lower Saxony initiated a round-table discussion regarding federal wind power development 

with industry representatives and associations, environmental NGOs, and policymakers. The 

final declaration identifies three key topics or challenges: public acceptance, time-consuming 

approval procedures, and land availability. Thereby, repowering and wind energy development 

in economical forests are two promising strategies to address the challenge of land availability 

(Nds. ML, 2020b).  

2.4. National and federal legal and planning requirements  

As mentioned in the introduction, Germany is federally organized. Federalism requires that 

project applications need to fulfill the demands of the national law and additionally of the 

equivalent law on a federal state level. Thereby, national law overrules state law, which means 

that federal state law can be more specific, detailed, and strict than national law but it is 

illegitimate if it contradicts national law. The following chapters outline the permit and planning 

framework for wind power development in Germany. Thereby, the focus is on the national level 

with a few comments regarding Lower Saxony considering the legal framework and on the 
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contrary on a Federal State level considering the planning framework because regional planning 

is under the responsibility of the federal states. 

2.4.1. National permit framework for wind power development in forests  

The permit for wind energy in Germany is defined and concentrated by the Immission Control 

Act (Bundesimmissionschutzgesetz - BImSchG 2021) and all turbines exceeding 50 m of tip 

height require a permit according to the BimSchG. Thus, wind power in forests needs it always.  

The concentration effect of BImSchG means that the review process of all further requirements 

is included and decided as a part of the permit accordingly to the BImSchG (§13 BImSchG 

2021). Relevant legal frameworks are: Building Code (Baugesetzbuch - BauGB 2021), Nature 

Conservation Act (Bundesnaturschutzgesetz - BNatSchG 2021), and Spatial Planning Act 

(Raumordnungsgetz - ROG 2020).  

In general, wind power developments are privileged projects, which means they receive a 

permit in the undesignated outlying area (Außenbereich) as long as it is not contrary to the 

public interest. Therefore, regional planning designates areas for wind energy to prevent 

disperse development. If areas are designated, development shall only concentrate inside these 

areas (§35 BauGB 2021).  

Germany follows a risk-related approach for individuals in the species protection law. That 

means that the prohibition to kill applies to individuals, however, it is only violated by a project 

if it significantly increases the risk of mortality and not by each case of death, which could have 

also occurred naturally. Thereby, the following parameters of a population are considered: total 

annual natural mortality, the reproductive rate, its specific behavior, and the conservation status 

of the species. Mitigation measures aim to reduce the risk of mortality. Thereby, minimum 

distances between habitats and projects are a standard measure to reduce risk, often based on 

the ‘Helgoländer Papier’ for avifauna (Köck et al., 2018, pp. 262–263). It summarizes the 

recommendations of a German consortium for state bird conservation stations regarding 

minimum distance for wind-energy-sensitive species (LAG VSW, 2015).  

For wind energy in forests, the Forest Act (Bundeswaldgesetz - BWaldG 2021) needs to be 

considered, especially §9 BWaldG regarding the permit for clearings and forest conversion. 

The clearings for the turbine and crane are covered by the concentration effect of the BImSchG 

because they have a direct, spatial connection to the project. In contrast, the clearings for cabling 

and transportation require an additional, independent permit for clearing and forest conversion 

according to the BWaldG because they are not directly connected to the project (Kress, 2018). 
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The permit for a clearing can be valid for a defined period and thus require reforestation after 

the construction or decommissioning phase (§9 BwaldG, Quentin and Tucci, 2021). On average, 

a wind turbine requires 0.46 ha of permanent clearing during operation, whereby 0.05 ha is 

sealed by the foundation 0.15 ha is necessary to operate a crane for maintenance work, and the 

remaining area comprises access routes and so forth. This 0.46 ha of permanent clearing can 

further be reduced for instance by a considered site selection with a low slope and usage of 

existing forest roads (Quentin and Tucci, 2021). Furthermore, the temporary clearance for 

construction can be minimized by the selection of assembly techniques and pre-assembly areas 

outside of the forest (wpd, 2020). In contrast, the German Agency for Nature Conservation 

estimated in 2011 a land consumption of up to 1 ha for a turbine in a forest considering the wind 

turbine itself and required infrastructure including turbine base, crane pads, access roads, and 

cables (BfN, 2011). It is noteworthy that the Forest Act defines all areas in a forest as forest, 

including areas without a current stock of trees like clearings, forest roads, timber storage areas, 

forest glades, etc. (Ortmann, 2021; BWaldG 2021). Therefore, not all development in forests 

requires the felling of trees. 

The cleared and converted area must commonly be replaced by afforestation of a suitable area 

in a ratio of at least 1:1 (Quentin and Tucci, 2021). The extent of the afforestation depends on 

the clearing area but can require additional measures to improve the ecosystem. If no reasonable 

land is available, considering its price and environmental conditions, compensation payments 

to compensation measure pools can replace afforestation for permanent forest loss (§8 

NWaldLG 2022). The Forest Act of Lower Saxony requires reforestations of the temporarily 

cleared area if a natural succession with favorable species within three years is unlikely, and 

active reforestation if the succession is not satisfying after three years (§12 NWaldLG 2022).  

The Environmental Impact Assessment Act (Gesetz zur Umweltverträglichkeitsprüfung - 

UVPG 2021) triggers an environmental impact assessment (EIA) if the planned wind park 

contains more than 20 turbines and at least a preliminary assessment analyzing if an EIA needs 

to be conducted when there are more than 3 turbines. Further, an EIA is mandatory, if the 

clearing area is 10 ha or more and a preliminary assessment is required for 1 ha or more (§§5, 

7, Appx. 1.6, 17.2 UVPG 2021). If no EIA is required, a simplified version instead of the formal 

BimSchG application is sufficient, which also damps the obligatory public participation (§§10, 

19 BImSchG 2021). Case-dependently, requirements regarding aviation security, landscape, 

and heritage preservation need to be considered as well (FA Wind, n.d.).  

https://www.linguee.com/english-german/translation/pre-assembly.html
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Further, fire prevention is more relevant in forested areas than in open landscapes, which is 

regulated in the federal Emergency Procedure Acts such as the NBrandSchG 2019. 

Additionally, §§18 to 22 of the Forest Act of Lower Saxony specifies forest fire regulations 

(NBrandSchG 2019; NWaldLG 2022). However, the risk of forest fires due to wind energy 

projects is low (Kress, 2018). 

2.4.2. Planning framework for wind power development at federal-state 

level  

The federal states of Germany are responsible to develop spatial planning programs (Landes-

Raumordnungsprogramme - LROP). Hence, they differ significantly throughout the nation. 

Spatial planning programs aim to harmonize spatially significant land uses like settlement, 

traffic routes, mining but also energy, by legally binding declarations because these land uses 

can conflict with the economic, social, cultural, and ecological interests in the region. They 

should facilitate the sustainable development of the states and are composed of a written, 

descriptive part as well as a map (Nds. ML, 2020a). Administrative districts develop regional 

plans for their regions to implement the requirements of the LROP and increase the level of 

detail. For example in Lower Saxony, the map of the LROP has a scale of 1:500 000, whereby 

maps of regional plans have a scale of 1:50 000. In this process, the administrative, planning 

districts designate priority areas for wind energy (Nds. ML, n.d.). Commonly, designated areas 

are identified by excluding areas, which are inappropriate for wind energy considering practical 

and legal reasons like nature protection areas as well as more vague reasons like other intended 

plannings (e.g., green corridor) but also insufficient wind resources. For wind energy planning 

in forests, deciduous forest can be applied as a taboo criterion, maybe with additional 

characteristics such as the age of stand, structural richness, or habitat values for wind energy-

sensitive species (Bunzel et al., 2019).  

Figure 4 presents the federal states, where the LROP or comparable policy instruments enable 

but also disable wind power development in forests. The Thesis does not go into detail about 

other federal states than Lower Saxony. However, the development of Thuringia and North 

Rhine-Westphalia is worth mentioning as a learning experience for Lower Saxony. Until 2015, 

wind power in forests was not possible in Thuringia but the reviewed regional plans of 2015 

designated areas for wind power in forests. This was based on an agreement in the coalition 

contract of the government consisting of the democratic socialist party ‘Die Linke’, the Social 

Democratic Party ‘SPD’, and the green party ‘Bündnis 90 Die Grünen’, from 2014 to 2019. In 

2016, the first two turbines in a forest were erected, which remain the only ones for now. The 
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coalition stayed in office in 2020 but the opposition pushed for a legislative amendment of the 

federal Forest Law to prevent wind power in forests (DW, 2020; Quentin and Tucci, 2021). It 

is illegal to convert forests to erect wind turbines in Thuringia (§10 ThürWaldG 2020).  

North Rhine-Westphalia faced some instability in the legal framework for wind power in forests 

in the last years. Development in forests was possible till 2018, then the government passed an 

amendment to prevent it because of strong opposition from the population (Bunzel et al., 2019). 

The spatial planning program, amended in 2019, allows forest conversion for wind power under 

the conditions that no areas in the open landscape are available, comparable to the current law 

in Lower Saxony (§7.3-1 LEP NRW 2020; Quentin and Tucci, 2021). The experiences in 

Thuringia and North Rhine-Westphalia highlight how fast the legal framework can change, the 

relevance to interlink the laws, especially regarding planning and forest, as well as the need to 

reach acceptance of wind power in forests to successfully realize the development.  

The current framework in Lower Saxony opposes wind power in forests, it was last updated in 

2017 (Nds. ML, 2020a). However, exceptions are possible if no other areas in open landscapes 

are available for priority areas or the forest was previously exposed to technical plants or 

buildings (§4.2-04-07 LROP 2017).  

Anyway, the LROP of Lower Saxony is currently under revision. The public hearing regarding 

the second draft was conducted in March 2022. The suggested LROP opens forests for wind 

development in forests in Lower Saxony. It approves the investigation of potential for wind 

priority areas in forests, even in nature parks and landscape conservation areas. Thereby, forest 

areas should be prioritized, which were previously exposed to technical plants or buildings or 

have comparatively low nutrient supply (§4.2.1-02 et seq Nds. ML, 2021a). In contrast, 

historical forest areas, forest protection areas, and nature protection areas are excluded from 

wind power development in Lower Saxony as usual (Ortmann, 2021). The LROP provides the 

option to designate priority areas for forests as a tool to spatially locate these taboo areas in 

regional plans; technical structures, including wind turbines, are forbidden in designated forest 

areas (§3.2.1-04 Nds. ML, 2021a, 2021b). The LROP draft includes the previously mentioned 

goal that 1.4% of the total area of Lower Saxony shall be designated for wind energy by 2030, 

afterwards, it should increase up to 2.1% (Nds. ML, 2021a §4.2.1-01). Considering the 

constraints, roughly 3% of the Lower Saxonian forest is suitable for wind power development 

(Weyberg in Link, 2022). 

Land-use planning decisions, such as the amendment of the LROP, require strategic 

environmental assessments (SEA) (Appx. 5 UVPG 2021). The SEA was conducted in parallel 
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to the planning process and could therefore already lead to improvements in order to minimize 

negative environmental impacts (Nds. ML, 2021b).  

The demand to amend the LROP is already mentioned in the Wind Energy Decree of Lower 

Saxony in order to implement the final declaration of the round table discussions regarding 

wind power development in Lower Saxony (see chapter 2.3.1). The decree was last amended 

in July 2021 (Nds. Windenergieerlass 2021). It intends to provide tools, assistance, and 

objectives for all involved or affected stakeholders of wind energy development in Lower 

Saxony. The decree includes the following goals:  

• increase land availability to increase installed capacity 

• accomplish planning security and legal certainty for wind energy projects to increase 

installed capacity 

• enable more repowering, especially of the accepted and supported sites  

• clarify interest in land use and protection of the environment, landscape, cultural 

heritage, residential environment, etc.  

• and most importantly for this Thesis – facilitate the careful opening of forests for wind 

energy (Niedersächische Staatskanzlei, 2021). Wind power shall be possible in forests, 

even if there are still suitable sites available in the open landscape. Thereby, previously 

impacted forest areas should be especially considered (§2.11 Nds. Windenergieerlass 

2021).  

Additionally to federal wind energy decrees, federal state-specific guidelines can support and 

streamline the application process. In the application process, the following criteria regarding 

forest functionality as well as size and location of impacted forest area by the wind project are 

relevant (Kress, 2018):  

• status of the forest, whereby areas that are already in an unfavorable status due to 

damage by drought, storms, calamities, etc., are prioritized for wind power 

development. In contrast, particularly valuable and healthy stands or areas with high 

value for species protection should be excluded  

• recreational value, especially considering the share of forest in the local landscape, the 

community perception of the forest, and the accessibility of the forest area for the 

community in relation to other forests in the surrounding  

• the function of the forest such as climate, water quality, soil, visual or immission 

protection  
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• the wind resource and feasibility of the project 

• ownership structure, the productivity, and economic interests of the forest owner  

• forestry productivity  

Bunzel et al. (2019) conducted a comprehensive, Germany-wide study linking the legal 

framework, spatial land use, and wind power development in forests. They rate the application 

process for wind power in forests as more complex compared to open landscapes due to the 

diversity of forest protection zones and species protection law. Project developers spent around 

10% of the total project costs for the application process and the required documents and some 

projects never receive approval (UBA, 2021). Therefore, the even more complex application is 

a considerable expense factor and risk for wind power development in forests. Furthermore, 

Bunzel et al. (2019) conclude that the development is rather slow and concentrated in some 

federal states but more importantly that regional planning successfully guides the development 

and ensures legitimacy.  

2.5. Acceptance of wind energy in German forests 

Wind energy and renewable energies, in general, had and have overall strong and stable support 

from society over the last decades in Germany (Lienhoop, 2018). In 2021, 83% of the 

participants supported the expansion of renewable energies and considered it important as 

shown in the results of the AEE survey of 2021 (AEE, 2021b).  

The acceptance decreased to 60% for projects implemented in the region of the participants 

(AEE, 2021a). This decreasing trend of acceptance was weaker if the participants already have 

experiences with renewable energies in their region (AEE, 2021a, 2021b). The results of  

Langer et al. (2018) show equally a positive correlation of previous experience with wind 

energy to acceptance of a project in the region but on the contrary no significant correlation 

between the distance of the place of residence and wind turbines to acceptance. Also, Devine-

Wright stressed already in 2005 that distance to a project is an insufficient indicator for support 

or rejection of a project. But assuming a linear relationship between experience and perception 

is an oversimplification as it neglects the diversity of factors that influence people’s attitudes 

and opinions. Furthermore, in contrast to the general support of renewable energies, the 

acceptance of wind projects in economical forests is low as revealed by the results of the AEE 

survey conducted in December 2020 and already mentioned in the introduction (see Figure 1) 

(AEE, 2021a).   
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Enevoldsen and Sovacool (2016) clustered generic reasons that lead to opposition towards wind 

energy in Europe into three categories and Enevoldsen (2016) further identifies these factors as 

relevant risks for wind power development in forests:  

1. Visual and noise impacts aggregate rejection due to turbine number and design (size, 

color, shape, etc.), flicker effects, usage of and embedment in landscape 

2. Socioeconomic impact considering tourism, property and land values, local benefits, 

accessibility of information, political and market acceptance, and local density of wind 

power  

3. Environmental impact comprises concerns regarding flora and fauna, reduction of 

wildlife as well as the felling of trees 

The third cluster seems to be most relevant for wind power in German forests. Firstly, it 

explicitly mentions the felling of trees.  

Secondly, environmental concerns are, especially in Germany, a driver for wind power 

opposition (Breukers and Wolsink, 2007). Administrative law cases against wind power 

projects in Germany commonly refer to species protection law since the implementation of the 

Aarhus Convention allowing the public and NGOs to suit. Anyway, Köck et al. (2018) assume 

that species protection law is often used as a professed reason to sue and prevent a project. 

Undoubtedly, arguing with the species protection law provide a larger success chance for the 

applicant compared to for instance immission control thresholds because it offers a scope for 

interpretation. Bunzel et al. (2019) hypothesize that citizens refuse wind power in forests 

stronger compared to open landscapes because they perceive forests as more natural compared 

to agricultural land. However, they do not differentiate between economical and natural forests, 

which is a critical differentiation. 

Thirdly, forest areas have naturally a low population density. Therefore, the development in 

forest areas increases the distance between settlements and wind turbines, which reduces the 

risk of local opposition considering the first cluster of visual and noise impacts (Kress, 2018). 

The larger natural distance might also moderate the fear of infrasound, which leads to wind 

power resistance in Bavaria (Langer et al., 2018). In general, the distance simplifies the 

fulfillment of legal thresholds regarding noise, visual impacts, and distance to settlements 

(Quentin and Tucci, 2021). However, the landscape impact as a trigger for local opposition 

should be taken seriously. Lienhoop (2018) identifies three main reasons for local opposition 

in Germany:  
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• the negative impact on the surrounding landscapes  

• the feeling of procedural injustice and being disregarded  

• as well as distributive injustice of benefits and burden.  

Therefore, she adds the aspect of justice to the previously mentioned list of Enevoldsen and 

Sovacool (2016) as relevant factors for the local perception of wind power projects.  

Distributive and procedural justice are key elements to reach local acceptance, which is also 

registered by the last and previous AEE survey (AEE, 2021a, 2021b; Langer et al., 2018; 

Lienhoop, 2018). The timing, level, and influence of public participation determine the sense 

of procedural justice (Langer et al., 2018). The findings of Lienhoop (2018) clearly indicate 

that public participation in the planning process as well as public involvement in the project’s 

revenue increases public acceptance. The local community can profit in several ways 

economically from a wind park in their region partly influenced by the ownership structure of 

the forest area (Jensen et al., 2021). The appropriate model of financial participation is case-

dependent and the decision should depend on negotiations between developers, the 

municipality, and residents (Lienhoop, 2018).  

Firstly, a project can be realized as community wind parks or at least offer the possibility to the 

citizen to become a shareholder. The five federal states Baden-Wuerttemberg, Bavaria, Hesse, 

Rhineland-Palatinate, and Saarland promote projects on federal state-owned sites, whereby 

Baden-Wuerttemberg, Hesse, and Rhineland-Palatinate explicitly offer participation models for 

citizens and/or municipalities in the surrounding area (Quentin and Tucci, 2021). Anyway, the 

possibility of acquiring shares is not necessarily perceived as fair. The investment might not be 

affordable to the local population and bares a financial risk. Thereby, projects of large energy 

developers are perceived as riskier and are associated with bankruptcy compared to more 

trustworthy regional developers and community-owned projects (Lienhoop, 2018). The 

involvement in community wind parks shows inequalities regarding age and gender; involved 

citizens are mainly retired males (Karl and Bode, 2021). However, a community project, as well 

as shares, are reasonable options for distributive justice. In contrast, direct compensation for 

affected residents should be avoided. It is often perceived as inappropriate because the impacts 

cannot be outweighed by payments and it can be perceived as bribery (Lienhoop, 2018).  

Secondly, community funds can facilitate local development. Thirdly, the lease provides a 

stable income, which increases the financial security and helps to mitigate the losses due to 

forest damages. If the forest is owned by a public entity, citizens profit from it because the 

money can be reinvested in the public interest. Especially, if the forest is owned by the 
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municipality or city, the income contributes to the regional budget. Naturally, this positive 

effect of a stable income applies equally to private owners (Jensen et al., 2021; Quentin and 

Tucci, 2021). Wind power and timber production allow two parallel income sources in the same 

forest area (Enevoldsen, 2017).  

Lastly, if the headquarters of the wind farm operator are located in the municipality, the business 

tax remains in the region. This is a strongly supported way of financial participation by society 

(Lienhoop, 2018).  

2.6. Environmental impacts of wind energy in Lower Saxonian forest 

Forests contribute strongly to the natural balance and human well-being. They provide several 

provisioning, regulating, and cultural ecosystem services. Thereby, forest areas are 

multifunctional, meaning that they provide several services at the same time. However, the 

extent and proportions of these services depend on forest management and are highly site-

specific. For instance, a focus on provisioning services, as in economical forest on timber 

production, means strong trade-offs to other services such as recreational value or water 

filtration and retention. Fast-growing species like pines and spruces have a high water demand. 

Furthermore, species selection and composition influence carbon sequestration and habitat 

provisioning and thus biodiversity (Bösch et al., 2018; Schwaiger et al., 2019).  

However, timber production and generating a revenue stream is a relevant service of 

economical forests. Forest industry and forest-based enterprises concentrate in rural areas 

(Schwaiger et al., 2019). The combination of timber production and wind power offers 

diversification and stabilization of the revenue stream (Enevoldsen, 2017; Quentin and Tucci, 

2021).  

Chapter 2.5 identifies the environmental impacts of wind power in forests as an influential 

driver for local opposition. People fear a degradation of the provided regulating and cultural 

ecosystems services. Therefore, this chapter reviews in the following the environmental risks 

for Lower Saxony based on the environmental report of the SEA conducted during the review 

process of the LROP (Nds. ML, 2021b).  

The SEA of the LROP amendment highlights the difficulty to identify environmental impacts 

on the current planning level because the spatial planning program does not define specific 

locations or areas. This will be specified in the regional plans. However, the probability and 

risk or some generic impacts are undeniable and listed regarding the common investigated 

receptor groups below (Nds. ML, 2021b):  

https://www.linguee.com/english-german/translation/water+retention.html
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• The recreational value of the forest for citizens can decline.  

• Temporal negative impacts during the construction on nature and the local community 

are possible.  

• Avifauna can collide with or avoid the structures, which leads to high conflict potential. 

Wind-sensitive species are more common in forests than in open landscapes. Especially, 

glades are attractive hunting territories for red kites (Milvus milvus), the European honey 

buzzard (Pernis apivorus), and several bat species; thus this attractiveness of the cleared 

area around the turbines increases even the risk for avifauna. Kress (2018) stresses the 

need for research regarding the recommended clearing area between canopies and 

turbine tips to reduce collision risk. Furthermore, the number of collided birds is harder 

to determine in forest conditions compared to open landscape.  

• The forest flora and fauna are negatively impacted by the required clearings on-site and 

along the transportation route, for instance by habitat fragmentation and degradation.  

• The opening up of a previously closed forest stand exposes the surrounding trees to the 

impact of sun and wind and thus increases the risk of windthrow. The internal forest 

climate will probably be impaired beyond these clearing areas, which means a reduction 

of the climatic and air-hygienical effects of forests. It also negatively impacts the forest 

soil due to changes in shading and microclimate, which equally applies to the cleared 

areas along the transportation route.  

• Soil is sealed and/or compressed by the turbine foundation, the crane pad, further 

construction sites, and along the transportation route.  

• Surface- and groundwater can be negatively impacted by projects. 

• The risk of forest fire increases. 

• The scenery of the landscape changes, which should be especially considered in relation 

to cultural heritage sites. The impact is larger if the turbines are erected on hilltops and 

mountain ranges.  

• Archaeological sites can be destroyed during the construction phase.  

Common standards and actions accordingly to the mitigation hierarchy can avoid, mitigate, and 

compensate for the extent of the adverse environmental impacts and ensure that the forest area 

does not shrink or loses its functionality (Arnett and May, 2016; Jensen et al., 2021). Moreover, 

the positive effects might prevail. 

First and foremost, siting is an effective tool to avoid impacts – space efficiency is especially 

for forest sites an important planning maxim. Moreover, strategic planning and early 
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consideration of environmental impacts such as the LROP and required SEA are effective 

avoidance techniques (Nds. ML, 2021b).  

The cleared areas require reforestation in a timely manner. Therefore, the areas which are not 

required to stay clear for operation and maintenance get replanted after the construction phase 

is concluded. A renaturation of the project site follows after decommissioning, including the 

sealed and compressed soil (§§8 seqq. NWaldLG 2022; Jensen et al., 2021). These 

reforestations can significantly contribute to increase species richness and forest resilience by 

planting locally adapted species (Quentin and Tucci, 2021).  

However, more permanent forest loss might require afforestation of additional sites. In general, 

a clearing needs to be compensated in a ratio of 1:1. Additionally, improvements to existing 

forests can be required to compensate for forest functionality. This is also possible if no suitable 

and reasonable land is available (§§8 seqq. NWaldLG 2022). Mitigation measures also face the 

challenge of limited land availability just like the wind industry itself. For example, the Federal 

Forest Authority NFL provides a pool of compensation measures (NFL, 2020)  

2.7. Conclusions of literature review  

The opening of forests for wind power is a feasible and important step in climate change 

mitigation. The withdrawal development of the legal framework in Thuringia and North Rhine-

Westphalia underlines the need for the public acceptance of wind power in forests, which can 

be increased by considerate public participation ensuring procedural and distributive justice. 

Thereby, landscape and environmental impacts represent important drivers for local opposition, 

especially in the forest context. Therefore, appropriate measures need to be applied to mitigate 

these adverse effects as also required by the legal framework. The legal framework of Lower 

Saxony should longstanding support wind power in forests to reach climate neutrality but also 

planning security. This aim underlines the relevance of this Thesis. The implementation of the 

LROP amendment and subordinate planning levels can be facilitated by a better understanding 

of the relevant actors, circumstances, and the connection between the involved aspects.  
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3. CHAPTER MATERIALS AND METHODS 

In order to understand the current conditions and perspective on wind power development in 

economical forests in Lower Saxony, a constellation analysis (CA) is conducted. A CA aims to 

identify relevant actors, natural and technical elements as well as signs or symbols and 

investigate their relationship regarding the elaborated topic by creating a diagram and writing 

a descriptive and explaining text (TU Berlin, 2020). This elaboration helps to understand the 

potential and the challenges of wind power development in the Lower Saxonian economic 

forest throughout different planning levels. The current amendment process of the spatial 

planning program is in an early and strategic planning stage. An elaboration and good 

understanding of the conditions and perspectives facilitates subordinate planning stages and can 

contribute to a socially and environmentally friendly development of wind power in economical 

forests in Lower Saxony.  

The constellation analysis is a method to facilitate a dialog in analytical, interdisciplinary 

research (TU Berlin, 2020). It structures and visualizes the research field and supports the 

elaboration of a “complex actor constellation” (Bruns et al., 2011a, p. 7). It was specially 

developed to handle multilayered situations, which profit from interdisciplinary cooperation 

and transdisciplinary solutions because it facilitates the combination of heterogeneous expertise 

from academic and non-academic backgrounds. Further, CA can be used in a participation 

process to create a common understanding between diverse stakeholders (Schäfer and Kröger, 

2016). The method is applied in sustainability, technology, and innovation research (TU Berlin, 

2020). Thus, it is suitable for research fields regarding land-use planning and energy transition, 

which is underlined by the publications of Schäfer and Kröger (2016) or Bruns et al. (2011b). 

The CA-method was developed by Schön et al. (2007) and is therefore described in detail in 

their book ‘Die Konstellationsanalyse’. 

The conduction of a CA base on scientific and non-scientific knowledge; thus the sources are 

diverse (Schäfer and Kröger, 2016). For this Thesis, the following listed sources are used to 

identify the constellation elements as well as their relations:  

• peer-reviewed literature 

• reports published by wind associations, research institutions, and NGOs 

• national and federal laws, decrees, and declarations of Germany and Lower Saxony 

• newspaper articles 

• homepages and position statements of wind associations, research institutions, NGOs, 

federal policy institutions  
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• statements from the formal public participation procedure regarding the amendment of 

the LROP published by the sender institution  

A CA is composed of two parts:  

1. The constellation diagram visualizes but also simplifies the complex field of 

constellation elements and relations. It only displays the essentials.  

2. The textual description is crucial to increase the accuracy and allow a 

comprehensive analysis and interpretation (TU Berlin, 2020). The constellation 

diagram and the presentation of the constellation elements and their relations are 

included in chapter 4. Chapter 5 discusses the constellation and the revealed relevant 

aspects.  

In this Thesis, a CA is used to understand multiple perspectives on the planning and 

development of wind energy in the Lower Saxonian economic forests. However, this is only 

one possible purpose of CA (structuring multiple perspectives); others are the integration of 

empirical-analytical partial results, developing strategies, as well as analysis of governance 

processes1 (Schön et al., 2007, p. 15 in Schäfer and Kröger, 2016).  

Besides the purpose, the development process of a CA can vary as well. It can be conducted 

either by a whole group, a sub-group, or an individual including discussion rounds with the 

whole group ( Schön et al., 2007, p. 21 in Schäfer and Kröger, 2016). The CA of the Thesis 

was conducted only by the author. In any case, the conduction of a CA is an iterative process 

including feedback loops, back-referencing, and editing, which leads to more and more 

abstraction over time (Bruns et al., 2011a, p. 10).  

The available constellation elements, as well as the relation types for the constellation diagram, 

are clearly defined, including their symbolization as displayed in Figure 5. The four 

constellation elements are equally important and described below (Bruns et al., 2011a; Schäfer 

and Kröger, 2016):   

• Actor: An actor can be a person but also a group or an institution 

• Natural element: Natural elements include natural resources like water, and soil but 

also flora and fauna as well as landscape or natural phenomena 

• Technical element: Technical elements comprise all artifacts or material products 

including energy, factories, or infrastructure 

 
1 The analysis of governance processes in this context is focused on the development over time and is therefore 

not appropriate for the aim of this Thesis even though it sounds suitable at first.  
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• Sign/symbol: Signs and symbols cover rules and laws (e.g. fire prevention regulations, 

Forest Act), political or social concepts and principles (e.g. democracy, environmental 

justice), norms and standards whereby norms are legally or officially constituted (e.g. 

ISO norms) and standards are established patterns (e.g. three-bladed turbines), and 

prices (e.g. electricity price). It might be the vaguest of the four constellation elements 

and the term differ slightly in publications, some authors use the term ‘conceptual and 

communicative elements’.  

In this Thesis, the interpretation of the constellation elements by Bruns et al. (2011a) is followed 

because they also apply the CA in the context of renewable energies.  

 

 

Figure 5: Symbolization of constellation elements for the constellation diagram according to Schön et al. (2007)  

 

Besides the constellation elements, it is crucial to understand their impact on and relation to 

each other. Therefore, the CA method provides five different relation types, which are described 

and presented below (see Figure 6) (Bruns et al., 2011a, p. 10):  

• Simple relation: The elements have a connection, however, the intensity can vary from 

vaguely to closely  

• Targeted relation: An element specifically influences another, whereby this relationship 

can be positive and/or stimulating as well as negative and/or inhibitory 

• Incompatible relation: The elements oppose each other and are incompatible - they are 

antagonists 

• Conflicting relation: The two elements stand in a conflict and act against each other 

intentionally and particularly  

• Resistive relation: In contrast to conflicting relation, one element hampers the 

expectation or ascription from other elements passively and or non-explicitly  
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Figure 6: Symbolization of relations types of the constellation elements in the constellation diagram according to Schön et 

al. (2007) 

 

It is possible to adapt the selection of relations depending on the application. For example, 

Schäfer and Kröger (2016) do not use the ‘incompatible relation’ but included a ‘feedback 

relation’ instead, which expresses that two elements are in a relationship with mutual self-

reinforcement. 

Besides the defined symbolization of constellation elements and relations, more conventions 

for the design of the constellation diagram apply. The topic of the constellation is in the center, 

so in this case “wind power development in economical forests in Lower Saxony, Germany”. 

The most important elements can be grouped on a ring surrounding the center. In general, the 

distance from the elements to the center indicates their impact. Closely related elements can 

form a cluster and the distance between the elements commonly represents their relationship to 

each other (Schäfer and Kröger, 2016). Furthermore, it is possible to develop sub-constellations 

to gain insight into specific sections of the overall constellation by investigating only a few 

elements (Wolf, 2020). 

An analysis can be placed in a more general context or background, which impacts the whole 

constellation and not only individual elements like international and national political or 

strategic actions, changes of government, fluctuations in resources availability, important 

events or suddenly occurring phenomena with high public awareness, cultural convictions, 

academic paradigms, and so forth (Bruns et al., 2011a, p. 11). Context elements should be 

visually separated from the actual constellation by a frame or line.  

Ideally, a CA is conducted in three steps considering the purpose of the CA. At this point, the 

three steps are presented generally but also adapted to the purpose of understanding multiple 
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perspectives. The limited timeframe of the Thesis in contrast to the large frame of the topic 

prevent the conduction of all three steps but allow the conduction of the first two. Specifically, 

no interviews were conducted to verify or edit the constellation analysis (TU Berlin, 2020; TU 

Berlin and ZTG, 2020):  

1. The mapping and identification of constellation elements is the first step. This already 

includes an arrangement or clustering depending on their relation to each other. In large 

groups, this step can be conducted with colored index cards. As this is not the case for 

this Thesis, they are captured directly digitally and are based on publicly accessible 

information. The initial mapping aims to identify key elements and their relationship. 

Furthermore,  the intention is to identify the actors’ perspectives or attitudes towards 

the elaborated topic. This process can be facilitated by guiding questions like: What are 

the central elements and what is in the center of interest? How can the elements relate 

to each other? What are the existing conflicts or alliances? Which principles determine 

the structure of the constellation? Also, which are the relevant actors to map the 

perspective? 

2. The second step focuses on the analysis and interpretation of functional principles and 

characteristics of the constellation. The mapping of perspectives leads to a more detailed 

understanding and analysis of the investigated perspectives and relevant actors. The aim 

is to answer the following guiding questions: Which elements are relevant for the 

respective actor considering the relation to the research question? Thus in this case, 

which elements or federal-state-specific circumstances are relevant for the actors 

considering the opening of economical forests for wind power development by the 

current amendment process of the spatial planning program in Lower Saxony? What 

role does the investigated actor assign to the elements? What is the actor’s relationship 

with them? How does the actor characterize the relationship to the other elements in the 

constellation? How does the investigated actor assess the actor’s personal impact on the 

other elements of the constellation? Which elements does the actor consider 

relevant/influential? Further, the core of the CA should be determined by identifying 

which element(s) has/have a key role in all perspectives. As the guiding questions 

indicate, the second step can benefit from interviews, however, perspectives can also be 

extracted from media, research articles, and so forth., as for this Thesis. 

3. The final steps elaborate on the dynamics, which affect the constellation. The third step 

of the understanding of multiple perspectives depends highly on interviews and is thus 

not conducted for this Thesis. Firstly, stakeholders get the opportunity to feedback on 
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the mappings in order to understand if they agree with the mapping and to suggest 

changes. Secondly, the CA-conductor compares the results from different stakeholders' 

feedback to identify patterns and differences regarding included constellation elements 

and chosen relations. Thirdly, these differences and similarities are analyzed: Which 

elements indicate commonalities, and which elements indicate incompatibilities of 

perspectives? What are the conclusions of the stakeholders’ feedback regarding the 

similarities and differences of the perspectives? The constellation analysis concludes 

with a summary of the results.   
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4. CHAPTER RESULTS 

The following chapter introduces the constellation elements regarding their relevance or 

position towards wind power development in economical forests in Lower Saxony as well as 

their relations. The elements are highlighted with bold lettering. Further, some characteristics 

of the constellation diagram are highlighted and explained in the following subchapters of 

chapter 4. The constellation diagram is inserted below in Figure 7. 
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Figure 7: Constellation diagram regarding wind power development in economical forests in Lower Saxony, Germany. The constellation elements are presented in the following color scheme: 

actor – yellow, technical element – blue, natural element – green, sign/symbol – red. Furthermore, the relation types are symbolized in the following way: simple – line, targeted – arrow, conflicting 

– flash, resistive – white rectangle. 
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4.1. Constellation elements included as context for the constellation analysis 

The constellation analysis of wind power development in Lower Saxonian economical forests 

is impacted by national but also international circumstances and thus placed in a larger context. 

A line separates the constellation elements, which are part of the general context, from the 

constellation elements, which are particular for Lower Saxony. Thereby, the context elements 

are below the line.  

Wind power is a mature technology in Germany and its development is supported by the 

general public and perceived as a necessary step in climate change mitigation (Langer et al., 

2018). Furthermore, the extension of wind power is consolidated by national laws, in particular 

by the Renewable Energy Act (EEG 2021) and Climate Protection Law (KSG 2021), as well 

as the goal to designate 2% of the national territory for wind energy (Kigle et al., 2022). 

Besides climate change mitigation, the admired independence of fossil fuel imports is a 

motivation for an energy transition toward renewable energies (BMWK, 2022b).  

Land-use pressure in open landscapes and the requirement to designate a significant amount 

of the territory for wind energy drive the development of wind power in German forests (Kress, 

2018).  

4.2. Center of the constellation analysis  

As the title of this Thesis predefines, the center of the constellation analysis is “wind energy 

development in economical forests in Lower Saxony, Germany”. The three most important 

constellation elements are grouped on a ring around the center, namely: 

• the available wind turbines suitable for forest conditions represent a typical technical 

element. The development of tall turbines, which are adapted to low wind speeds led to 

the technical and economic feasibility of wind power in forest conditions. However, the 

characteristics of the wind conditions in forests still challenge the operation, especially 

the strong wind shear, wind veer, and turbulence (see chapter 2.1) (Mohr et al., 2018).  

• the amendment of the spatial planning program is a sign/symbol and the required, 

legally binding step to enable wind power development in Lower Saxony (Nds. ML, 

2021a). It paves the way for subordinate planning stages such as regional planning to 

finally realize wind power projects in forests in Lower Saxony.  

• economical forests represent the natural element, which will be impacted by upcoming 

wind power developments.  
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This constellation analysis does not contain clusters to combine closely related constellation 

elements, but the constellation elements are already abstracted or generalized. For instance, 

several environmental-focused NGOs are summarized as one actor instead of mentioning the 

NGO individually. Equally, the wind industry is simplified as one actor, representing wind park 

developers as well as industry associations. Also, just one natural element represents the diverse 

ecosystem services of forests instead of differentiating them.  

4.3. Actors  

As presented in chapter 3, actors can be actual persons as well as a group or an institution. 

Actors are classified in the following subchapter into federal and national policy institutions, 

the population of Lower Saxony, NGOs with an environmental focus, as well as industry and 

associations for wind energy.  

4.3.1. Policy institutions of Lower Saxony  

The federal state of Lower Saxony owns 28% of the forest area in Lower Saxony and is thus 

involved as the largest forest owner with an economical interest to realize wind power in these 

areas (Thünen-Institut and BMEL, 2012b). Thereby ‘Niedersächsische Landesforsten’ (NFL) 

represents the federal state, as it is the institution that administers the forest properties. They 

already installed the infrastructure to provide geodata of potential areas to developers, if the 

LROP gets approved. However, these areas still need to be designated for wind power in 

regional plans but the NFL offers support for this procedure (NFL, 2022). It can be noted that 

Lower Saxony actively supports and promote the development of wind power on appropriate, 

federal-state-owned sites. This is presented by a targeted relation from NFL towards the wind 

industry. 

The Federal Forest Authority should utilize this influence and follow the example of Baden-

Wuerttemberg, Hesse, and Rhineland-Palatinate and insist on participation models for citizens 

and/or municipalities in the surrounding area to increase public acceptance. They included 

criteria like regional and municipal value creation in the selection process of the land leasing 

institution, thus the project developer (Quentin and Tucci, 2021). The Ministry for the 

Environment, Energy, Building, and Climate Protection of Lower Saxony can amend the 

current Wind Energy Decree of Lower Saxony to enforce comparable conditions and criteria 

(Nds. UM, 2020). Anyway, it is not integrated into the current Wind Energy Decree and hence 

deprives the municipalities of gaining stronger advantages. Therefore, it is symbolized by a 

resistive relation between the decree and municipalities as well as local communities. It is a 

passive hindrance to increase local participation. Nonetheless, public forest owners could 
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develop these schemes proactively. Realized projects on federal land can function as case 

studies to establish wind power in Lower Saxony but also contribute to the learning curve for 

the whole of Germany. 

Additionally to the Wind Energy Decree, a guideline focusing on the specification of 

application for wind power in forests can streamline the realization of projects independently 

of the ownership structure (Kress, 2018). The publication of guidelines is the responsibility of 

the Authority for Nature Conservation in Lower Saxony (Niedersächsischer. Landesbetrieb 

für Wasserwirtschaft, Küsten- und Naturschutz - NLWKN). Overall, they are a great resource 

to facilitate nature compatibility not only by publishing guidelines but also by providing well-

prepared data and expertise, which is indicated by the targeted relation from the NLWKN to 

the sign, which represents the concept of nature compatibility (NLWKN, 2020).  

The municipalities of Lower Saxony are also involved as landowners and the related interest. 

Municipalities and cities own 9% of the forest in Lower Saxony (Thünen-Institut and BMEL, 

2012b).  

Community funds and business tax income contribute to the community budget and can be 

reinvested in the municipality for the common good. The municipality Heidenrod in Hesse is a 

positive example. The municipality initiated a community wind park in their forest, 45% of the 

park is owned by 300 local shareholders. It started operating in 2015 with an installed capacity 

of 30 MW. The wind park is the largest business taxpayer in the municipality. A decade ago, 

the municipality was heavily in debt but the project contributed significantly to improve the 

financial status of the municipality (Jensen et al., 2021; Windenergiepark Heidenrod, n.d.). 

Municipalities should advocate distributive and procedural justice for potential projects in their 

municipality to contribute to the citizen’s contentment (Lienhoop, 2018).  

Municipalities are aggregated into administrative districts. These 34 districts form the 

planning regions for regional plans and thus designate wind power priority areas (Nds. ML, 

n.d.). Therefore, the administrations and regional planners carry a part of the responsibility for 

the successful implementation of wind power development in Lower Saxonian forests, as 

visualized by the targeted relation between the LROP amendment and the administrative 

districts. Each district has a regional nature conservation agency, which are relevant 

stakeholders in subordinate planning stages (NLWKN, n.d.).  

Anyway, The LROP draft is neither detailed enough nor space-specific to create a relation to 

municipalities. This is emphasized by the municipality of Burgdorf, which is located centrally 
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in Lower Saxony. This municipality openly refuses to express its position regarding wind power 

development in forests because the current planning stage inhibits the evaluation of local 

impacts (Stadt Burgdorf, n.d.).  

4.3.2. National policy institutions 

The Forestry Division ‘Bundesforst’ of the National Real Estate Agency is responsible for 

the administration of state-owned forests, however, this is only 5% of the forest in Lower 

Saxony (Thünen-Institut and BMEL, 2012b). Their responsibility and position of being a role 

model for wind power development are comparable to Federal Forest Authority NFL.  

Both institutions provide the service to implement required compensation measures 

considering the national and federal nature protection, species protection, and forest law. 

Compensation measures can increase the habitat quality of an existing forest section for 

instance, by restoring the natural drainage system or planting additional species to increase 

biodiversity. They are required because afforestation does not compensate for the ecosystem 

service of the impacted wind project site. Further, compensation measures can reduce 

afforestation if no or not enough suitable areas are available for afforestation (BImA, n.d.; NFL, 

2020). 

4.3.3. The population of Lower Saxony  

It is feasible to assume that the general trend of Germany regarding the high acceptance of wind 

power also applies in Lower Saxony, especially considering the high level of experience with 

wind power in that federal state (Deutsche Windguard, 2021; Langer et al., 2018). Anyway, the 

experience with wind power in forests is really limited and forests are perceived differently 

than open landscapes, which indicates that the general acceptance of wind power can be weaker 

in the comparison of forests to open landscapes.  

The current, broad, planning stage of wind power development in forests in Lower Saxony 

means that local communities are not yet exposed to project proposals or not even the 

designation of wind priority areas in forests. However, the potential shift in public opinion 

regarding wind power development in forests over time and planning progression justifies a 

differentiation between the general public of Lower Saxony and the local communities. If the 

development continues successfully, certain local communities will face changes in their 

surrounding forests at a subordinate planning stage. Their acceptance or rejection can decide 

whether a project is implemented or not. Procedural and distributive justice facilitate local 

acceptance. The public consultation process can form the project and design a project-specific, 

suitable financial participation scheme (Lienhoop, 2018). Therefore, the relation between 
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project developers and local communities is not targeted but simple. Furthermore, the designed 

financial scheme can target community benefits on a municipality level as well as the business 

tax, hence wind park developers and municipalities have a targeted relation.  

More than half (59%) of the forest in Lower Saxony is privately owned (Thünen-Institut and 

BMEL, 2012b). Private forest owners have a special role. If they live in the neighborhood of 

their property, they are part of the local community. But they also have an economical interest 

to lease their land to wind power developers. The lease is an additional, good, and stable income 

source. This is especially interesting because the economical forest suffered and will suffer 

under climate change, extreme weather events, and calamities because of their low resilience 

(Quentin and Tucci, 2021).  

The forest owners in Lower Saxony are organized in an association, the WBV 

(Waldbesitzerverband Niedersachsen). The president of WBV demands a clear commitment to 

wind energy in forests in light of climate change and the Russian-Ukrainian war. Further, he 

says, that across Lower Saxony there are more than 50,000 ha of forest severely damaged after 

storms, drought, and beetle infestations. These areas are appropriate for wind power 

development, especially considering the high cost of complete reforestation. Furthermore, the 

land lease income of less valuable forest sites could even finance the reforestation of valuable, 

historic forest sites. The president of WBV stresses once more, that the development will 

concentrate on forests in unfavorable status with suitable wind conditions and will not spread 

in all forest areas (von Oldershausen in Link, 2022; Nds. WBV, 2022).  

Furthermore, potential projects impact not only forest owners at potential project sites but also 

along the transportation route due to the required clearings and disturbance during the 

construction phase. Nonetheless, the required reforestation after the construction phase can 

drive transformation into a more natural, resilient stand without requiring an investment of the 

owners (Quentin and Tucci, 2021).  

4.3.4. Environmental-focused NGOs 

Relevant environmental-focused NGOs in Germany are Greenpeace, WWF, NABU, and 

BUND (Bunzel et al., 2019). They have representation on national, federal but also local levels.  

Overall, NGOs support the expansion of wind energy as it mitigates climate change. However, 

the developments need to be nature-compatible (Greenpeace Deutschland, 2012; NABU, 2022; 

Nds. BUND, n.d.; WWF Deutschland, 2022). NABU and BUND participated in the round table 

discussions regarding wind power development in Lower Saxony. The final declaration 
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supports a cautious development of wind power in economical forests to address the challenge 

of land availability (Nds. ML, 2020b).  

However, NABU perceives the implementation of the round table discussions in the draft LROP 

as inappropriate and incautious (NABU, 2022). A representative of NABU in Lower Saxony 

commented on the LROP amendment that it is crucial to protect old forest stands and 

understand forests not only as a habitat but also as a carbon sink (NDR, 2022).  

The BUND Lower Saxony expresses on their homepage their general rejection of wind power 

in forest areas in Lower Saxony. Firstly, they say that the impacts of wind power harm the 

ecosystem services of forests too much. Secondly, the proportion of forests in Lower Saxony is 

low in comparison to other federal states. Thus, it should be a taboo zone for wind power and 

instead be transformed into near-natural forests (Nds. BUND, n.d.).  

WWF and Greenpeace Germany did not publish statements, which would indicate their position 

regarding wind power development in forests in Lower Saxony. However, WWF Germany 

supports the consideration of forests considering the usual exclusion of valuable forests and 

concentration in economical forests. Moreover, they demand more research concerning wind 

power impacts on forests and intensive monitoring during construction and operation (WWF 

Deutschland, 2015).  

In Baden-Wuerttemberg, NABU and BUND form a forum of dialogue regarding nature 

protection and wind energy funded by the Ministry of the Environment, Climate Protection, 

and Energy Sector of Baden-Wuerttemberg. The forum aims to support the energy transition to 

realize it in an environmentally compatible way for instance, by providing training and 

information material and facilitating stakeholder consultations (Dialogforum Energiewende 

und Naturschutz, 2019). They formulate their position regarding wind power in forests sharply: 

If the expansion of wind power in forests is properly managed, nature conservation and wind 

energy are not contradicting. Therefore, they support legal frameworks, which specialize in 

wind power in forests and consider social acceptance and lead to planning security for 

developers. At the same time, they refuse clearly to use nature conservation arguments just to 

prevent the expansion of wind energy in forests because they believe that these debates distract 

from the real challenges and harm the strength of conservation arguments in relevant situations 

(BUND and NABU, 2013). Even though the NGOs are separated into federal state-specific 

delegations, the expertise of other delegations can still be beneficial for Lower Saxony.  
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4.3.5. Industry and associations for wind energy  

Wind energy is an established industry in Germany with national and international wind park 

developers. The industry is well connected in associations such as the German Wind Energy 

Association (Bundesverband WindEnergie - BWE) and the Trade Association for Wind 

Turbines (Wirtschaftsverband Windkraftwerke - WVW) to lobby for their interest.  

As expected, wind park developers support wind power development in forests because it offers 

additional sites. Thereby, the firms highlight their in-house expertise regarding forestry as well 

as nature and species protection. They highlight the economical benefits for forest owners and 

municipalities as well as the potential of forest improvements by compensation measures (Juwi, 

n.d.; wpd, 2020).  

The German Wind Energy Association BWE has more than 20,000 members and is a strong 

supporter of energy transition and especially wind power in Germany. The association is 

connected to international equivalents like the European Wind Energy Association (EWEA), 

the Global Wind Energy Council (GWEC), and the World Wind Energy Association (WWEA) 

(BWE, n.d.). Associations can facilitate the exchange of experiences at the administration and 

also development level between the federal states and developers to simplify the development 

of wind power in Lower Saxony. The BWE hosted a workshop in Baden-Wuerttemberg to build 

a network between Baden-Wuerttemberg and Switzerland in 2018 (BWE, 2018). Furthermore, 

the BWE Lower Saxony participated in the round table discussions regarding wind power 

development in Lower Saxony and thus supports wind power in forests as a suitable 

development (Nds. ML, 2020b).  

The German Trade Association for Wind Turbines WVW appreciates the LROP amendment 

process in favor of wind power development in forests, especially the possibility to consider 

landscape conservation areas. Nonetheless, they wish for more concrete characteristics 

regarding suitable forest types to improve planning security. Moreover, they propose to set not 

only expansion goals for the whole federal territory of Lower Saxony but the individual 

planning districts. In general, they push for a shorter period for the aspired 2% (WVW, 2021).  

The mentioned dialog center in Baden-Wuerttemberg by the NGOs as well as the Swiss-

German cooperation regarding wind power in forests by a wind association show that NGOs 

and associations can be valuable resources for information and communication facilitation. 

However, they always have their internal motivation and agenda. Therefore, independent 

research, as well as information and communication resources, are additionally required 
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such as the German Competence Centre for Environmental Protection and Energy Transition 

(Kompetenzzentrum für Naturschutz - KNE).  

The KNE is a non-profit limited liability company under the sponsorship of the Michael Otto 

Environmental Foundation (Hamburg) and on behalf of the Ministry for the Environment, 

Nature Conservation, Nuclear Safety and Consumer Protection (Bundesministerium für 

Umwelt, Naturschutz, nukleare Sicherheit und Verbraucherschutz - BMUV). The KNE is a 

resource or consultant organization that aims to facilitate knowledge transfer, dialogue, and 

media handling to support the nature-compatible expansion of renewable energies. Its goal is 

to promote objective debates regarding the nature compatibility of the energy transition and to 

mediate conflicts concerning nature, species, and landscape protection (KNE, 2022). 

The KNE supports the enabling of wind energy in forest areas with a considerate evaluation of 

the environmental impact and reasonable, effective mitigation measures to ensure a nature-

compatible development. It is in favor of climate protection to use appropriate sites in forests 

and thus facilitate the expansion of renewable energies. Therefore, the KNE supports the draft 

of the LROP in Lower Saxony. In contrast to the NGOs, it does not criticize the consideration 

of nature parks and landscape conservation areas to designate wind priority areas (Ortmann, 

2021).  

4.4. Technical elements  

Technical elements comprise all artifacts or material products including energy, factories, or 

infrastructure.  

The current regulation in Lower Saxony Currently allows the erection of wind turbines in 

forests only as an exception, if no other areas in open landscapes are available for priority areas 

and the forest was previously exposed to technical plants or buildings (§4.2-04-07 LROP 2017). 

This led to the construction of two wind parks with six turbines in total and an installed 

capacity of 16 MW in forests. Three turbines stand in a narrow strip of forest in the district of 

Aurich since 2012 and another three are located on a former military site in the district of 

Hameln-Pyrmont since 2018 (Quentin and Tucci, 2021). These projects can be investigated to 

gain experience for upcoming projects in Lower Saxony.  

The energy transition towards renewable energy such as wind energy reduces CO2 emissions. 

It contributes significantly to reach climate neutrality and thus prevents greater adverse impacts 

on the environment by climate change in the long term perspective (Nds. ML, 2021b). A forest 

area of 0.5 ha absorbs around 2.75 tons of CO2 per year. The size equals the forest area, which 
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needs to be cleared as long as the turbine operates. In contrast, the annual average electricity 

consumption of a wind turbine reduces the CO2 emission by 4,200 t compared to electricity 

from fossil fuels (Ewen and Lenz, 2021). Anyway, these positive effects are perceived on a 

global scale and can not compensate for the local, adverse impacts (Nds. ML, 2021b). 

4.5. Natural elements  

Natural elements describe natural resources like water or soil but also flora and fauna, 

landscape, and natural phenomena.  

The forest cover of Lower Saxony is 25%, which is below the national average of 30% (Thünen-

Institut and BMEL, 2012b). It is also considerably lower than the forest proportion of the other 

six federal states, which effectively enables wind power development in forests. Bavaria has 

the lowest forest cover out of these six with 37% (see Figure 4). Hence, the environmental 

BUND considers the forest share of Lower Saxony as too small to expose it to the impacts of 

wind energy (Nds. BUND, n.d.) 

In contrast to the English language, German has two terms for the forest: ‘Forst’ and ‘Wald’. 

Thereby ‘Forst’ is related to economical aspects of a forest, like timber production. Moreover, 

the term describes an economical forest, which is commonly dominated by coniferous species 

like spruce and pine. It has low biodiversity and recreational value. In contrast, ‘Wald’ 

summarizes (near-) natural, often biodiverse forest areas, which have a high value for nature 

and society. They are commonly deciduous or mixed deciduous and coniferous forests. Both 

forest types provide important ecosystem services as explained in chapter 2.6, whereby near-

natural forests offer mainly cultural as well as regulating services, and economical forests offer 

mainly provisional services (Bösch et al., 2018; Jensen et al., 2021; Quentin and Tucci, 2021; 

Schwaiger et al., 2019). However, the differentiation between the two forest terms is not 

absolutely selective, especially not in colloquial language. In general, ‘Wald’ could also 

describe an economical forest but ‘Forst’ cannot describe a more natural forest area. The LROP 

only uses the term ‘Wald’, even though the development will focus on ‘Forst’ areas considering 

the requirement to respect and consider the diverse ecosystem services and habitat functions of 

forests (Nds. ML, 2021a).  

The current strategic planning level of wind power development in forests does not allow the 

identification of space-specific, concrete environmental, and socio-economic impacts. 

However, some local adverse impacts, as listed in chapter 2.6, and their probability of 

occurrence are undeniable (Nds. ML, 2021b). Potential, local adverse impacts trigger social 

opposition. Thereby, environmental impacts are more relevant than impacts on the direct living 
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environment due to the large distances between projects and settlements. Moreover, citizens 

fear changes in a naturally perceived environment and degradation of ecosystem services (see 

chapter 2.5). Therefore, local adverse impacts have a conflicting relation to local communities.  

A coherent implementation of the mitigation hierarchy by applying avoidance, mitigation, 

and even compensation measures, can prevent significant, adverse impacts and might even 

lead to an overall improvement of the forest status in Lower Saxony (Arnett and May, 2016; 

Nds. ML, 2021b; Quentin and Tucci, 2021).  

4.6. Signs and symbols 

The constellation element ‘sign and symbol’ comprises in this constellation analysis legally 

binding or official documents, policy goals, planning concepts as well as research as a construct.  

4.6.1. Official and legal documents 

The final and agreed declaration of the round table discussion regarding onshore wind power 

in Lower Saxony was published in March 2020. It was the first document mentioning opening 

up forests for wind energy in Lower Saxony in order to reach the extension goal with the limited 

availability of open landscape. Thus, it has a significant role in the whole development. The 

round table gathered industry representatives and associations, environmental NGOs, and 

policymakers (Nds. ML, 2020b).  

The Wind Energy Decree of Lower Saxony specifies the planning and approval of onshore 

wind energy plants in the federal state. It is legally binding. The current version got into force 

in July 2021 and will be amended at the end of 2026. Even though it still considers the current 

LROP, which only allows wind power in forests as an exception, it mentions that the 

amendment of the LROP shall include criteria for the use of wind energy in forests in 

accordance with the final declaration of the round table. Development in forests shall be 

possible, even if there are still areas available in the open landscape (Nds. Windenergieerlass 

2021).  

The amendment of the spatial planning program, LROP, is the required, legally binding 

step to enable wind power development in Lower Saxony. Thereby, the considered draft of the 

amendment text is already the second draft from 2021. The previous draft was formulated in 

2020. The two versions show differences regarding wind power in forests. The previous version 

explicitly excluded the consideration of historically old forest sites among several nature 

protection site types like Natura 2000 and Biosphere reserves. In contrast, the second draft 

demands that wind power development respects and considers the diverse ecosystem services 
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and habitat functions of forests as well as the importance of forests for climate protection (Nds. 

ML, 2021a).  

These changes are in favor of the wind industry. Especially the general exclusion of ‘historical 

old forest sites’ without specification of this criterion would have caused planning and legal 

uncertainty. Furthermore, it might be inappropriate for the south of Lower Saxony. The area 

had a continuous and large forest cover for more than 200 years, but this old forest also includes 

parts of monocultures. The criterion ‘old forest’ would have prevented wind power in forests, 

without considering that the monocultures are less valuable. The consideration of criteria like 

type of use, age of the stand, and forest condition is more nuanced than an exclusion purely 

based on the age of the overall forest (WVW, 2021).  

However, both versions included the possibility to investigate forests in nature parks and 

landscape conservation areas for wind power considering §§26 and 27 of the German Nature 

Conservation Act. These two paragraphs specify the requirements of the two protection area 

types (BNatSchG 2021). Both fall in the IUCN category V, which means that these landscapes 

were always exposed but also require human interaction to be maintained (Dudley, 2013; WWF 

Deutschland, 2008).  

Landscapes can be protected (§26 BNatSchG 2021): 

• to preserve, develop or restore its natural balance, regenerative capacity, and sustainable 

usability of the natural resources,  

• because of the diversity, character, and beauty or the special cultural-historical 

significance of the landscape, or 

• because of its special importance for recreation.  

Landscape conservation and nature reserves can be embedded in nature parks, which are 

therefore large areas. Nature parks are suitable for recreation and sustainable tourism. They 

shall promote sustainable regional development and provide education for sustainable 

development (§27 BNatSchG 2021).  

This possibility is often explicitly negatively or positively commented on by actors. The NABU 

perceives the implementation of the round-table discussions in the draft LROP as dissatisfying 

and not nature-compatible because it includes “even protected areas and valuable forest sites” 

like landscape conservation areas and nature parks (Ebeler in NABU, 2022). In contrast, the 

wind energy association WVW appreciates the possibility of investigating landscape protection 

areas (WVW, 2021). These two opposite perspectives bear conflict potential, hence the two 
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signs ‘consideration of landscape conservation areas & nature parks’ and ‘final declaration of 

round table discussion’ are connected by a conflicting relation.  

Chapter 2.4 presents the relevant legal frameworks regarding wind power application in 

forests in Lower Saxony. The framework should ensure the wind power development and 

equally, ensure the protection of nature as well as a safe and good living environment for 

society. The permit according to the BImSchG 2021) concentrates all requirements to erect a 

turbine on site. However, clearings for cabling and transportation require an additional, 

independent permit for clearing and forest conversion according to the BWaldG 2021) because 

they are not directly connected to the project (Kress, 2018). 

4.6.2. Planning concepts and constructs 

The discourse of wind power development in forests commonly involves the concept of nature 

compatibility as also already indicated in the actor’s presentation of environmental-focused 

NGOs and the German Competence Centre for Environmental Protection and Energy 

Transition and visualized by simple relations. The KNE states that a nature-compatible 

implementation of wind power in forests is possible if taboo criteria are consequently 

implemented (Ortmann, 2021). NGOs refer to the concept, too – they support the development 

of wind power as long as it is nature compatible. The BUND and NABU criticize the LROP 

draft because it does not fulfill their understanding of nature compatibility (NABU, 2022; Nds. 

BUND, n.d.; Nds. ML, 2021a). The vice president of NABU in Lower Saxony says, that the 

LROP even allows wind power development in protected areas and valuable stands (Ebeler in 

NABU, 2022). This is represented by a conflicting relation between the sign ‘nature 

compatibility’ and the ‘consideration of landscape conservation areas & nature parks’.  

However, the concept of nature compatibility misses a clear definition and thus remains 

subjective and controversial. Notwithstanding, it becomes apparent that the concept of nature 

compatibility contains more than the current implementation of environmental and species 

protection law or even that the current legal framework does safeguard this demand sufficiently, 

which is visualized by a conflicting relation. This also relates to the common lawsuits based on 

species protection law (Köck et al., 2018). Further, it highlights the relation between nature 

compatibility and local adverse impacts because the current framework tolerates the remaining 

risk and occurrence of impacts as long as feasible mitigation measures are implemented. 

Thereby, fewer impacts would be in favor of nature compatibility.  
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The NABU criticizes the effectiveness of the current legal framework based on deficits in the 

EIA process such as improper species monitoring, data misinterpretation, and missing control 

mechanisms by the authorities. Moreover, the NABU demands a stronger consideration of the 

environmental impact of wind power during the regional planning and the designation of 

priority areas. NABU argues that economical feasibility is currently more important than 

environmental impacts. Moreover, the German development goals can be realized even with a 

stronger focus on non-economical criteria and considering only low-impact sites in regional 

planning (NABU, n.d.).  

It is definitely beneficial for nature compatibility to plan as space-efficiently as possible. It is 

actually in everybody's interest because it reduces the impact on the forest in general and 

especially minimizes the clearing demand, which also reduces project costs (Kress, 2018). 

Thus, project developers already commit to space efficiency (Juwi, n.d.; wpd, 2020). 

Space efficient planning includes firstly, locating projects in areas where the trees are in an 

unfavorable status, such as areas with overturned trees due to storms and calamities, or with 

trees that need to be felled anyway for instance, because of calamity infestation. Secondly, the 

project site should be accessible as far as possible by already existing forestry roads. However, 

they might require improvements or expansion, especially in curves to enable the transportation 

of large turbine parts (Jensen et al., 2021). Thirdly, the selection of assembly techniques and 

pre-assembly areas outside of the forest reduces the area requirements at and around the project 

site (wpd, 2020). Undoubtedly, space efficiency is relevant in open landscapes too to reduce 

the project costs, but it is especially stressed in the forest context.  

Lower Saxony has limited experience with wind power in forests, which leads to uncertainties 

in the whole planning hierarchy and creates several knowledge gaps, e.g., regarding the 

environmental and social impacts as well as policy impact. Furthermore, the analysis of 

monitoring data collected during the construction and operation of the first realized projects can 

improve following projects in forests. This required research can be commissioned for instance, 

by the federal forest authority NFL or the Authority for Nature Conservation NLWKN. 

Likewise, numerous institutions can conduct the research such as Universities in Lower 

Saxony or the Helmholtz Centre for Environmental Research – UFZ. Cited articles in this 

Thesis are related to the UFZ like Lienhoop (2018), Köck et al. (2018), and Bunzel et al. (2019).  

  

https://www.linguee.com/english-german/translation/pre-assembly.html
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4.7. Additional description of the constellation diagram  

Overall, the constellation diagram is composed of 36 constellation elements but seven belong 

to the general context. All four constellation element types are represented, nonetheless, actors 

and sign/symbols dominate with twelve elements each. Furthermore, the constellation has seven 

natural and five technical elements.  

The previous presentation of the constellation elements underlines that they are fundamentally 

all interconnected to each other, which is entailed by the character of the topic. However, the 

number of visualized relations is limited. In total, the constellation diagram contains 14 

relations and uses four of the five possible relation types, whereby incompatible relations are 

not appearing. Two relations are identified as resistive. The remaining appearing relation types 

in this CA, namely simple, targeted, and conflicting, are equally common with respectively four 

relations. The sign ‘nature compatibility’ is involved in six relations and has thus a high 

relevance for wind power development in economical forests in Lower Saxony.  

The constellation diagram displays only a relevant selection of relations based on the presented 

background information in chapters 1 and 2, and specifications in chapter 4. In favor of clarity 

and the gain of knowledge, the diagram excludes relations, which are self-explanatory, of small 

impact, or not directly related to wind power development in economical forests in Lower 

Saxony. For instance, no simple relation is displayed between forests and the three forest 

owning parties: private forest owners, Federal Forest Authority NFL, and the Forestry Division 

of the National Real Estate Agency. Equally, the target relation between the superior Ministry 

for the Environment, Energy, Building, and Climate Protection to the regional nature 

conservation agencies is not visualized. Undoubtedly, they have these relations but they are 

also self-explanatory. Slightly contradicting, the diagram includes the simple relation between 

nature compatibility and local adverse impacts due to its importance even though it is 

straightforward.  

Furthermore, not only the relation types but also the distance between the constellation elements 

display the relationship to each other. This explains for instance the small distance between the 

two technical elements ‘turbines suitable for forest conditions’ and ‘existing 6 turbines in 

forests in Lower Saxony’ as well as between the actors ‘local community and ‘private forest 

owners’. 

The high degree of generalization makes it unnecessary to develop sub-constellations to gain 

insight into specific sections of the overall constellation. 
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5. CHAPTER DISCUSSION AND ANALYSIS 

The interpretation and discussion of the previously presented constellation diagram enable a 

better understanding of wind power development in economical forests in Lower Saxony, 

which is the content of the following chapter. 

Overall, the constellation diagram and the description in chapter 4 emphasize that the 

acceptance of local communities, which is closely related to the local added value to impacted 

municipalities and communities, and the concept of nature compatibility significantly influence 

wind power development in forests in Lower Saxony. The local added value is not included as 

a constellation element itself because it is considered equally by the two actors local 

communities as well as the municipalities of Lower Saxony – it is a factor that impacts their 

relation to the other constellation elements.  

Public institutions have a strong impact on the development not only as policymakers and 

authorities but especially considering that 42% of the land is publicly owned (Thünen-Institut 

and BMEL, 2012b). It is in their power to explicitly demand and support public participation 

in the planning process and revenue stream. Projects realized on public forests should and can 

be role models for procedural and distributive justice to increase public acceptance (Lienhoop, 

2018).  

Community acceptance is a key factor in Germany, which can decide if a project is successfully 

implemented or not (Lienhoop, 2018). Chapter 2.5. outlines that the impact on the direct living 

environment and well-being, as well as socio-economic impacts, are less important for public 

acceptance of wind power development in forests than in open landscapes. Instead, local 

communities focus on the environmental impacts of changing forests, specifically the 

degradation of ecosystem services, and landscape impacts (Enevoldsen and Sovacool, 2016; 

Lienhoop, 2018). This focus on environmental concerns is intensified by the fact that Lower 

Saxony is located in Germany, where commonly environmental impacts are of high value for 

public acceptance (Breukers and Wolsink, 2007). 

For that reason, the risk of public opposition towards wind power in forests and especially due 

to environmental impacts deserves further attention. Firstly, development in forests can 

especially trigger public opposition because forests are perceived as closer to nature compared 

to open landscapes (Bunzel et al., 2019). Secondly, the nationwide survey by the Renewable 

Energy Agency shows that more than half of the society considers wind power in economical 

forests as unreasonable, but also that 13% either made no specification or expressed no opinion, 
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which indicates an information deficit (AEE, 2021a). Thirdly, so far only six turbines operate 

in forests in Lower Saxony, which means that there exists a limited level of experience with 

this project type in the society (Quentin and Tucci, 2021). This is unfortunate because a higher 

level of experience can increase public acceptance (AEE, 2021b; Langer et al., 2018). However, 

a simple linear relationship between experience and perception is an oversimplification, instead, 

it is important to consider the diversity of factors that influence people’s attitudes and opinions 

(Devine-Wright, 2005). 

Therefore, research, educational work, and information transfer are important tools to mitigate 

public opposition and should be used as soon as possible. The availability of comprehensive 

information at an early stage contributes to procedural justice on all planning levels because it 

enables local communities to engage in, contribute to, and affect public participation processes 

(Lienhoop, 2018). The current high level in the planning hierarchy means that the society is not 

yet confronted by suggestions for regional plans, which might include priority areas for wind 

energy in forests, or even project proposals. This means that even though the impact on the 

decision can be strong, the engagement of the public might be low because the impact is not 

regionally specified yet. Commonly, the acceptance of wind power is higher at an early 

planning stage leading to low participation but decreases close to and during the construction 

leading to stronger and more active participation. Unforntuently, the potential impact of the 

public on the planning decreases with progressive planning. Mostly, the acceptance increases 

again during operation (Devine-Wright, 2005; Lienhoop, 2018).  

The communication should present the high area demand on project sites due to land-use 

pressure and the required expansion of wind energy for climate change mitigation but equally, 

stress that the forest is not thoughtlessly sacrificed. The high value of (near-) natural forests is 

respected and appreciated. Wind power will not interfere in these areas. After all, the 

amendment of the LROP means merely that forest areas can be considered during the 

designation for wind priority areas instead of being directly excluded (Nds. ML, 2021a; Quentin 

and Tucci, 2021). In this context, it might be helpful to introduce the differentiation between 

the terms ‘Wald’ and ‘Forst’ in public communication to facilitate clear communication and a 

better understanding of the planned development in society. Moreover, the already established 

focus in the industry on spatial-efficient planning in forest projects due to coast efficiency 

should be stressed (see chapter 4.6.2). 
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It can be helpful to share the comparison of the permanent cleared area for a turbine to a soccer 

field to support spatial imagination (see Figure 8 ) (Jensen et al., 2021).  

 

Figure 8: Comparison of the permanent forest use of a wind turbine and a soccer field. The area of 0.46 ha remains cleared 

as long as the turbine operates to enable maintenance work. It will be renaturated and reforested after decommissioning of 

the turbine. The comparison of the land use to a soccer field can help laypersons to grasp the extent of the cleared area (adapted 

from Jensen et al., 2021, p. 33, translated by the author)  

The environmental impacts are closely related to the concept of nature compatibility, which is 

identified as a controversial and important topic in the constellation diagram. Thereby, different 

actors take diverging perspectives. Environmental-focused NGOs state that the current second 

draft of the spatial planning program inhibits nature-compatible wind power development. They 

already refuse the general fact that it opens forests for wind power, but their rejection focuses 

especially on the consideration of landscape conservation areas and nature parks (NABU, n.d., 

2022; Nds. BUND, n.d.).  

The general rejection of opening the forest for wind power refers to the comparable small forest 

proportion of Lower Saxony. Undeniably and reasonably, the forest share of the federal territory 

constitutes the responsibility and importance of the federal states to enable wind power in 

forests or to disable it in favor of forest protection (Kress, 2018). Contradicting the 

argumentation of NGO BUND, which only refers to the precentral proportion of forest in Lower 

Saxony, it can be more feasible to evaluate the forest functionality and regional importance 

(Nds. BUND, n.d.). The forest distribution shows regional differences – forest is rare along the 
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coast, in small patches in the plain, and dominant and continuous in the south of Lower Saxony 

(BMEL, 2016; WVW, 2021). Regional differentiation enables the consideration of regional 

forest heterogeneity. Even though Lower Saxony has a comparable low forest proportion of 

25%, the total forest area is the third-largest in national comparison with more than 

1,200,000 ha (Thünen-Institut and BMEL, 2012b).  

The KNE as an independent information and communication resource agrees that this definition 

of taboo zones, containing (near-) natural forests, would contribute to nature compatibility. The 

designation of taboo criteria is indeed an established methodology in the German planning 

system to identify suitable priority areas. On the one hand, a definition of these criteria on a 

high and strategic planning level can streamline subordinate processes (Bunzel et al., 2019). 

On the other hand, it curtails the liberties of the administrative districts and might thus inhibit 

regional adapted planning.  

A diversity of reasons can lead to declaring an area landscape conservation area or nature park 

as mentioned in chapter 4.6.1 (§26, 27 BNatSchG 2021). Therefore, it is useful to include the 

possibility to investigate landscape conservation areas and nature parks as priority areas for 

wind energy to enable an assessment of whether wind energy represents an appropriate land 

use considering the conservation objectives or not during the regional planning. If the landscape 

with forest cover is protected to ensure the sustainable usability of the natural resources or teach 

sustainable development, wind energy represents an appropriate land use. In contrast, it might 

be inappropriate if the conservation objectives focus on the high recreational value of the 

landscape. Furthermore, zoning in landscape conservation areas allows to enable and disable 

wind energy for specific areas of one protected area, which is already common practice in open 

landscapes (Nds. Windenergieerlass 2021). A considered investigation and a local specification 

are more nuanced than a categorical exclusion of landscape conservation areas for wind power 

development in forests.  

The first draft of the LROP amendment specifically excluded nature protection zones directly 

in the context of wind power in forests, such as nature reserves, Natura 2000 areas as well as 

forest protection zones according to the Federal Program for Long-Term Ecological Forest 

Development and the Federal Program for Natural Forest Development. These paragraphs are 

cut in the second draft (Nds. ML, 2021a; NFL, 2018). Instead, an additional paragraph is 

included in the chapter regarding the land-uses agriculture, forestry, and fishery. This paragraph 

defines forest priority areas, which include exactly the previously mentioned forest protection 

zones. These priority areas for forest shall be preserved and developed. Technical structures, 
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including wind turbines, are prohibited in these areas but exceptions are possible for 

transmission grids (§3.2.1-04 Nds. ML, 2021a, 2021b). The adjustment of the second draft is 

reasonable to keep the LROP brief and clear. Additionally, the regulation and protection targets 

of the respective areas determine if wind power would represent an appropriate land use or not.  

The vice president of NABU in Lower Saxony states that the LROP even allows wind power 

development in protected areas and valuable stands (Ebeler in NABU, 2022). However, this 

statement seems to be made prematurely considering the previously presented information. The 

general opening of the forest, the possibility to consider landscape conservation areas and nature 

parks, as well as the cutting regarding exclusion zones in the second draft, do not mean that 

wind power development would be possible in protected areas and valuable stands considering 

the tool to create taboo zones for wind power development by declaring exactly theses areas as 

forest priority areas. Furthermore, the subordinate regional planning assesses the suitability of 

the forest areas as priority areas for wind energy by considering factors such as biodiversity and 

the health of the stand in order to facilitate nature-compatible development. The regional plan 

needs to harmonize the different land uses and interests based on the regional conditions.  

However, nature compatibility and the criticism of insufficient nature compatibility deserve 

further attention. First of all, it is the responsibility of the authorities to provide the required 

resources to implement the legal framework. The authorities need to have staff and time 

capacity to carefully review the application documents and detect insufficiency for instance, in 

the EIA. The complexity of the German application framework is highly criticized and has 

already been identified as a hindrance to wind power development as also highlighted in the 

final declaration of the round table discussion. It leads to extensive and long application 

documents and overwhelms authorities (Nds. ML, 2020b; Stiftung Klimaneutralität, 2021).  

Possible suggested solutions are a new law for onshore wind energy development to simplify 

the permitting process, as well as an amendment of the German species protection law (Link, 

2022; Stiftung Klimaneutralität, 2021). For example, wind industry associations suggest the 

broad concept that the species protection law should rather focus on the population level than 

on individuals (Weyberg in Link, 2022). This change of the species protection law could 

facilitate wind power development in Germany, generally because it simplifies the application. 

Nonetheless, it is crucial that the amendment does not decrease species protection but only 

increases efficiency.   

The wind power projects in forests are more complex compared to open landscapes considering 

the additional requirements of forest law and the strong demand for space-efficient planning 
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(Kress, 2018). Therefore, the industry appreciates all streamline activities of the permitting 

procedure to reach more planning security and better feasibility of wind power in forests. 

Simultaneously, a simplified permitting procedure can disburden authorities of extensive 

application documents. Thus, they can fulfill their responsibility as a control mechanism more 

successfully. Further, it is important for nature compatibility that NGOs represent an additional 

control mechanism and use their power to sue against plans and projects if the environment and 

species might be harmed by wind power development.  

Beyond the legitimate implementation of the legal framework and potential amendments, 

planning schemes can reasonably increase the integration of the nature compatibility concept. 

For example, the Dutch offshore auction system presents how non-price criteria can drive wind 

development. The bid for one offshore site needs to present how the project impacts the marine 

environment or rather the efforts to minimize the impacts as far as possible. Half of the scoring 

to determine the winning bid is related to this ecology-based criterion (Tang, 2022). This tool 

acts on the developer selection, so at a rather late planning stage. Thus it does not fulfill the 

demand of environmental NGOs to focus mainly on environmental instead of economical 

factors during the designation of wind priority areas (NABU, n.d.). However, this auction 

scheme is in favor of nature compatibility and indicates that this planning maxim can be 

considered sincerely.  

It is of high importance for wind power development in economical forests in Lower Saxony 

to strive for a high local added value to impacted municipalities and communities, acceptance 

of local communities, and a realization of nature compatibility developments. These efforts can 

form a basis for a longstanding opening of the forest for wind energy in Lower Saxony and 

avoid the policy withdrawal of this development as it happened in Thuringia and North Rhine-

Westphalia. The absence of incompatible relations is a strong and positive sign for the 

expansion of wind power in economical forests in Lower Saxony.  
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6. CHAPTER CONCLUSIONS 

Opening the forest for wind power development will be a remarkable milestone for the wind 

power expansion in Lower Saxony. The amendment of the LROP – the spatial planning 

program – paves the way to define priority areas for wind energy in forests on a regional level 

and thus increases planning security for wind park developers in subordinated planning stages.  

Lower Saxony joins six other federal states, which effectively enable wind power development 

in economical forests already. The constellation analysis concerning the wind power 

development in economical forests in Lower Saxony gathers and connects information, which 

is already publicly accessible. However, the presentation, elaboration, and identification of 

relevant elements and their relation to each other provide a new and deeper understanding of 

the topic.  

In summary, the constellation diagram emphasizes the importance of the three aspects in order 

to achieve the longstanding opening of the forest for wind energy in Lower Saxony:  

• The development should add a local added value to impacted municipalities and 

communities. Whereby, financial participation schemes should be adapted to each 

project in a participation process focusing not only on distributive but also on procedural 

justice.  

• Distributive but also procedural justice facilitates local acceptance of local 

communities. However, environmental and landscape impacts are the main driver for 

local opposition in a forest context.  

• This leads directly to the maxim of realizing nature compatibility planning and 

development. Even though the term is not clearly defined, it is a reasonable strive 

considering the suggested LROP amendment, space-efficient planning, and legitimate 

implementation of the legal framework with potential adaptations.  

Nonetheless, the explanatory power of the constellation analysis would significantly benefit 

from conducting interviews. As chapter 3 describes, the analysis of interviews based on and 

concerning the constellation diagram supports the elaboration of dynamics and perspectives. If 

feasible, the constellation analysis is adapted based on the knowledge gained in the interviews. 

The current CA indicates the following three interesting and feasible interview partners: 

• A representative of the federal delegation of environmental-focused NGOs such as 

BUND and NABU. This conversation can lead to a better understanding of their 

rejection regarding the possibility to consider landscape conservation areas and nature 
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parks, as well as the demand to include explicit exclusion zones. Furthermore, they 

could present their understanding of nature compatibility. The discussion concluded that 

their criticism is oversimplified, which represents a relevant and interesting discussion 

point.   

• An environmental planner, who is involved in the LROP amendment process. Thereby, 

it can be interesting to talk about their motivation to cut the explicit exclusion zones for 

wind energy development in forest-related protection areas. Furthermore, they could 

share their impression regarding the importance and feasibility to consider more non-

economical criteria in regional planning as well as the integration of requirements for 

local added value on public land in the Wind Energy Decree.  

• A representative of a wind energy association. As nature compatibility is a relevant 

outcome of the CA, the perspective of the industry on this concept is important, too, for 

instance, regarding feasibility and hindrances.  

Certainly, an impression of the Lower Saxonian public is desirable as they significantly impact 

the success of wind power development in forests. However, this would require a larger study 

to gain representative results. Alternatively, conversations with representatives of municipality 

administrations or governments could communicate local interests. Anyway, this requires 

several interviews with different municipalities, too. Furthermore, they should be located in 

different parts of Lower Saxony to respect the federal heterogeneity of forest distribution. 

Unfortunately, the interviews, as well as surveys, are outside of the frame of this Thesis.  

Finally, it is important to consider that the amendment of the spatial planning program is still a 

draft and has not been passed yet. Therefore, the framework regarding wind power development 

in economical forests in Lower Saxony could be implemented in a diverging version than the 

one investigated in this Thesis.  
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APPENDIX A. List and explanation of assumed risk for wind energy in forests by 

Enevoldsen (2016)  

The author conducted a meta-study to analyze the risk awareness and understanding regarding 

wind energy in forests in United Kindom, Denmark, Sweden, and Norway. Thereby, he 

identifies ten risk categories, which are relevant for wind energy in forests, and differentiated 

between construction, operation, and decommissioning phases as presented in the table below.  

Table: The ten risk categories for wind power development in forests according to Enevoldsen, 2016, p. 1253 

 

 


