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A B S T R A C T   

The aim of this paper is to identify facilitating and hindering factors for onshore wind energy development near 
natural conservation regions, in particular in Lower Saxony’s Wattenmeer region. An applied research approach 
was deployed to connect individual aspects of wind energy technology and establish a cross-disciplinary 
perspective on the expansion of wind energy. To this end, relevant facilitating and hindering factors were 
identified and then validated by a group of academic experts. The main factors were grouped within the 
framework of Strengths, Weaknesses, Opportunities and Threats. In a subsequent step, a sample of experts in the 
wind power sector evaluated the relative importance of the key factors, using an Analytic Hierarchy Process. The 
results show that factors positively influencing wind energy expansion exceed the hindering factors. Wind 
electricity is likely to benefit from opportunities such as climate change and from industry-specific strengths, for 
instance the competitiveness of wind in the German electricity market. Barriers and uncertainties that influence 
the further development of the sector relate to strict ecological protection laws and limited spatial opportunities 
for new projects. Finally, basic policy strategies were formulated which aim at fostering strengths and oppor
tunities of wind energy development and at reducing weaknesses and threats.   

1. Introduction 

Globally, growing understanding and awareness of the potential 
consequences related to global environmental change is driving the 
necessity for governments to rapidly decarbonise their economies 
(Hodbod and Adger, 2014). With the energy sector accounting for three 
quarters of global greenhouse gas emissions, the provision of clean en
ergy is at the heart of all actions (IEA, 2021). One key measure to keep 
track with the worldwide efforts to limit global warming to 1.5◦ is the 
doubling of solar photovoltaics (PV) and wind deployment in the next 
ten years (IEA, 2021). Thereby, many countries have embarked on a 
complex transformation of their socio-technical systems in pursuit of 
long-term climate neutrality by 2050 (Geels et al., 2017b). Transitioning 
requires deep systemic changes on multiple levels such as technologies, 
infrastructures, organisations, markets, regulations and user practices. 
Of all targeted sustainability transformation areas, shifting from fossil 
fuelled power to the generation of renewable electricity is perhaps the 
most significant (Croonenbroeck and Hennecke, 2020). At the same 
time, reconfiguring existing energy systems poses a large-scale chal
lenge, as their elements and layers have co-evolved and aligned over 

time rendering them resistant to change. However, socio-technical 
transitions can be triggered by facilitating mutually reinforcing pro
cesses that ultimately strengthen innovations and weaken overhauled 
systems (Geels et al., 2017b). Energy transitions usually comprise a set 
of policies and economic incentives that ultimately lead to substantial 
improvements in green energy technologies, growing support from in
dustry, positive cultural meaning and a favourable policy environment 
(Geels et al., 2017a). A favourable policy environment often includes the 
provision of feed-in-tariffs. In several countries the introduction of 
attractive subsidies led to a widespread adoption of renewable energy 
technologies, e.g., in China (Mori, 2018), Austria (Brudermann et al., 
2013) or in the Czech Republic and Spain (Gürtler et al., 2019). In 
general, transitions gain momentum when socio-technical innovations 
and layers of interaction interlink and amplify each other’s impacts on 
existing systems (Dóci et al., 2015; Geels et al., 2017a, 2017b). Policy 
making on national levels plays crucial roles in such transitions, e.g., in 
the United States (Stokes and Breetz, 2018), in Japan (Mah et al., 2013), 
in Taiwan (Lin et al., 2020) or in Mexico (von Lüpke and Well, 2020). 
The transition towards the use of low-carbon energy systems however is 
a slow process. Despite the increased use of renewable technologies, it 
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remains unclear whether a complete substitution of fossil fuels is 
possible within acceptable time spans (Leipprand and Flachsland, 
2018). This is especially problematic in the light of economic growth in 
the global south and in China, which comes along with fast extensions of 
fossil fuel infrastructure. In times of growing energy demand, energy 
security is prioritised over sustainability aspects or climate change 
concerns (Zaman and Brudermann, 2018). While emission reductions 
from the energy sector therefore are still on the rise on a global level, at 
least some progress in terms of decarbonisation can be recognized in 
higher-income countries. 

1.1. The role of wind power in the German energy transition 

The German sustainable energy transformation has progressed 
considerably with the introduction of the Renewable Energy Act in 2000 
and the 20-year long provision of attractive feed-in tariffs positively 
affected the growth of wind and solar (Unnerstall, 2017). The law 
statutorily prescribes that all generated and consumed electricity should 
be greenhouse gas neutral in Germany by 2050 (EEG, 2021), thereby 
demanding that 65% of the electricity consumed in 2030 is provided by 
renewable sources. According to the Fraunhofer institute, renewable 
energies accounted for 50.9% of the German electricity mix in 2020 
(Energy-Charts, 2021). For the first time, wind, solar and other renew
able energy sources have surpassed fossil fuelled power (STROM-RE
PORT, 2021). At 27%, wind energy illustrates the largest green energy 
contributor, which generated more than a quarter of Germany’s total 
electricity in 2020. By the end of 2020, there were 31,109 installed wind 
turbines in Germany, roughly three times more than in 2000 (Bundes
regierung, 2021). Due to the naturally more favourable wind conditions, 
most wind parks1 are located in Germany’s Northern region. (Jung et al., 
2018). Particularly Lower Saxony has by far the largest share with 6352 
installed wind turbines (Statista, 2021). Albeit yearly growing wind 
energy shares on the total electricity mix, Germany’s annual wind en
ergy expansion in terms of net newly built turbines reflects less opti
mistic figures. The annual growth in wind turbines has fallen 
dramatically since 2017, the year when tendering processes were 
introduced. A tendering scheme is a competitive mechanism by which 
authorities publicise installation capacities for wind power plants 
available for bidding by wind energy businesses (Bundesnetzagentur, 
2021). According to Deutsche WindGuard (2020), 75% fewer turbines 
were connected to the grid in 2020 compared to 2017. This drastic 
development slowdown is threatening the long-term target of climate 
protection (Guan, 2020) and thus requires deeper investigation into 
what factors hinder and facilitate the development and expansion of 
wind energy. 

The scientific literature is extensive with respect to wind energy 
expansion as an essential driver of the Energiewende. It can be charac
terized as a highly debated and multidisciplinary field of research. En
ergy scholars consider onshore wind as a promising green energy source 
which directly competes with fossil fuels in terms of production costs 
(Masurowski et al., 2016, Croonenbroeck and Hennecke, 2020). How
ever, as will be discussed in the following, there are several challenges 
yet to be solved. Consequently, experts from several scientific disciplines 
have set out to investigate specific areas and parameters of onshore wind 
energy development in Western countries. Roughly, three wind energy 
research foci can be denominated that cover a broad set of potentials and 
challenges associated with the German case. 

First, research on economic aspects of wind energy expansion ana
lyses monetary opportunities and downsides, while technical perspec
tives focus on technological and material features. For regulatory 
purposes, wind turbines need to be reassessed regularly and typically 

have a lifespan of 20–25 years, after which electricity output decreases 
substantially and maintenance costs grow (Grau et al., 2021). Two op
tions present themselves to wind park operators, namely the choice of 
modernizing and repowering wind turbines or searching for new site 
selection (Jung et al., 2018). Additionally, the wind energy sector has 
seen considerable improvements in technology and costs. For instance, 
compared to 2011, the average electricity cost of wind power had been 
reduced by 12% in 2015 (Chang et al., 2021). 

Second, environmentally focused scientific investigations are ori
ented towards examining the impact of wind energy expansion on nat
ural systems. The growing production of wind energy and the resulting 
widespread construction of wind parks can lead to strong negative im
pacts on biological communities and biodiversity (Bose et al., 2018). 
Subsequently, new conservation issues emerge. Besides the collision of 
birds and bats through direct contact with the turbine structures, the loss 
of nesting and foraging habitats forms an indirect impact caused by wind 
parks (Bose et al., 2018). Both factors are relevant for the location of 
wind parks examined in this paper. The Nationalpark Wattenmeer at the 
coast of Northern Germany is a unique landscape that offers both a place 
to breed for more than ten million wading and water birds and a place to 
rest for migratory birds on their way along the east Atlantic migratory 
route (WWF, 2021). Furthermore, the national park provides recrea
tional purposes for tourists and residents, which are partially lost due to 
the recent development of wind parks close to or even in protected areas 
(Arnberger et al., 2018). Consequently, environmentalists, managers 
and researchers have argued for a restriction of the development of wind 
parks in protected areas, especially areas with a high density of birds 
(Arnberger et al., 2018; Bose et al., 2018). 

Third, policy-related and public attitudes literature on the one hand 
investigates how national, federal, and local decision-makers attempt to 
align the energy industry’s prospects and risks with the ambitious target 
of 100% green energy in 2050. For instance, Nordensvärd and Urban 
(2015) find that the German Renewable Energy Act and the feed-in tariff 
have provoked a lock-in effect that focuses heavily on technological 
advancement and project expansion rather than on establishing 
long-distance transmission capacity of the current grid system. Studies 
further draw attention to cumbersome and bureaucratic permission 
procedures which affect the duration, approval, and may cause legal 
uncertainties (Guan, 2020). The compulsory tendering process intro
duced in 2017 has been considered a particular policy hurdle (Fraune 
et al., 2019). On the other hand, researchers set out to investigate the 
relationship between wind energy development and public acceptance. 
A study conducted by Langer et al. (2018) shows that the opportunity of 
citizen participation in the Energiewende plays an overwhelming role. 
Two contested aspects of wind energy in the public discourse are the 
concern of infrasound and siting close to residential areas. A study 
conducted by Krekel and Zerrahn (2017) shows that the construction of 
wind turbines within 4000 m radius negatively affects life satisfaction of 
surrounding residents, however discontent is timely limited and does 
not intensify with proximity. 

1.2. Research aims and structure of the paper 

In order to link these strands of research and their frequently specific 
study objects, this paper contributes to the debate on wind energy 
expansion from a broader topic-transcending perspective. The objective 
of the paper is to identify and assess the main factors relevant for the 
diffusion of onshore wind energy in Germany. Based on multi-criteria 
decision analysis, the relative importance of the identified factors for 
wind energy development were assessed by an expert sample, repre
senting wind park operators in Lower Saxony’s Wattenmeer region and 
energy experts from academia. The present case study does not only deal 
with areas with high wind generation potential in Germany, but it 
additionally displays the peculiarities of wind power generation in 
natural conservation regions. Based on this assessment basic policy 
strategies for interest groups promoting wind energy diffusion will be 

1 According to German law, wind parks are a minimal concentration of three 
wind turbines in a way that their impact areas overlap or at least touch 
(BVerwG, 2004). 
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derived. 
To this end, this article is structured as follows. Section two outlines 

the research design and the employed methodological approach. In 
section three, the factors influencing wind energy development are 
outlined according to their strengths, weaknesses, opportunities, and 
threats (SWOT). Further, the factors are quantified and prioritised by the 
means of an Analytical Hierarchy Process (AHP). In section four, basic 
policy strategies are discussed and recommended based on our findings. 
A brief conclusion in section five completes the study. 

2. Methods 

This study was implemented in a four-step study design. As a first 
step, possible decision factors for the SWOT analysis were identified 
based on a literature review on wind energy in Scopus. For the sample 
creation of the literature, 2.035 documents resulted by introducing the 
keywords ‘wind’, ‘energy’ and ‘Germany’. To narrow down the list to the 
most relevant literature, 2014 was taken as the starting date to review 
literature. In this same year, a comprehensive amendment of the 
Renewable Energy Sources Act (EEG) was approved by the German 
parliament (Deutscher Bundestag, 2014). Older scientific documents may 
not correspond to current regulations. In addition, solely articles from 
peer-reviewed journals were included. The resulting sample size was 
583 articles. In a further step, a comprehensive literature review allowed 
filtering for articles relevant to our research design. Based on the rele
vant articles a total number of 20 SWOT factors were identified. To 
determine the most relevant amongst these, a factor validation was 
carried out subsequently. Thereby, a detailed list of factors was sent to 
energy sector experts, who were asked to rate them according to their 
relevance for onshore wind energy development in Germany, specif
ically in the selected region. The rating scale ranged from 1 - very 
relevant to 5 - not relevant. The odd scale was chosen because it includes 
a midpoint, which gave participants the opportunity to rate two factors 
as equally important. 

In a second step, the number of factors per category (strengths, op
portunities, weaknesses and threats) was determined, depending on the 
values the experts attributed to them. Therefore, the mean value for each 
element was computed. Most of the relevance scores given by the ex
perts ranged between 1 (very relevant) and 2.5 (moderately relevant). 
Values above 2.5 occurred rather rarely and respective factors were 
therefore not classified as significant for further analysis. Consequently, 
out of 20 pre-selected factors 14 were identified as significant for the 
implementation of the next steps (a list of all 20 factors is included in the 
supplementary materials). 

Furthermore, the results of the expert survey showed a considerably 
stronger evaluation of the positive factors, which resulted in the division 
into four strengths and opportunities and three weaknesses and threats 
respectively. The results are depicted in Appendix A1. 

In a third step, personal phone calls were carried out with nine 
different wind park operators to inquire about their availability to 
participate in this study. The sample of wind park operators was selected 
according to their geographical proximity to the North Sea coastal re
gion of Germany and particularly the Nationalpark Wattenmeer. There
upon, individual electronic mails were sent to the nine wind park 
operators and to the four wind energy experts that previously validated 
the basic relevant factors. Subsequently, the experts’ judgments were 
gathered with the support of the online tool LimeSurvey. Ten experts 
completed the questionnaire, of which seven represented onshore wind 
park operators and three were academic experts. The background of the 
sample of experts are shown in Table 1. Overall, the sample is considered 
suitable for the purpose of this study, and in respect to composition and 
size it is comparable to samples used in related studies (e.g., Bru
dermann et al., 2015; Posch et al., 2015). 

On the basis of 24 pairwise comparisons, the wind energy experts 
were asked to classify, according to their perceived relevance, the fac
tors’ relative importance for the development of onshore wind energy in 

the North Sea coastal region of Germany. These were divided into six 
pairwise comparisons each for the four strengths and four opportunities, 
and three comparisons each for the three opportunities and three risks. 
The final cross-category analysis again contained six pairwise compar
isons, i.e. strength factors opposed to weakness factors. All comparisons 
were made on the basis of the nine-step scale suggested by Saaty (1999), 
ranging from 9:1 (factor one is much more important), to 1:9, (factor 
two is much more important). The even numbers were left out, and the 
centre of the scale (1:1) indicates that the respective factors were 
considered to be equally important. 

In the fourth step, the Analytical Hierarchy Process (AHP) was 
conducted. This process is useful for making multi-criteria decisions 
involving strengths, opportunities, weaknesses, and threats (Bru
dermann et al., 2017). The AHP analysis was used to evaluate the 
relative importance of the factors as perceived by the respondents. 
Applying this method also enabled the formulation of possible policy 
strategies for wind energy development (as discussed in section four). 
Following the detailed method description by Posch et al. (2015), the 
judgment matrix for processing with AHP was based on the mean 
judgments of the respondents. Subsequently, each judgement matrix 
was multiplied by itself and the principal eigenvectors were determined 
in order to calculate the relative factor priorities within the individual 
SWOT categories. The relevant category priorities were determined by a 
pairwise comparison of SWOT categories and relative overall factor 
priorities were then derived by multiplying category priorities with the 
relative factor priorities within the SWOT categories. As the last step of 
the process, the consistency of the expert judgements was tested through 
the calculation of the consistency ratio (CR). The level of consistency 
ought to be below 10% to indicate an adequate degree of consistency 
(Saaty, 1980). 

3. Results 

As described previously, we utilised strict literature review param
eters and included empirical validation by experts to identify the most 
relevant strengths, weaknesses, opportunities and threats with respect to 
onshore wind energy development in Northern Germany. Strengths and 
weaknesses represent internal factors which respectively positively or 
negatively impact wind energy development in Germany. Opportunities 
and threats on the other hand depict external factors that are advanta
geous or disadvantageous for the expansion of wind power in Germany. 
In total, we found 14 relevant factors, four strengths, three weaknesses, 
four opportunities and three threats. In the following subsections, these 
factors will be further characterized and quantified, via the AHP 
method, based on the assessments provided by wind park operators and 
wind energy experts. The SWOT factors identified are summarized in 
Table 2. 

3.1. Strengths 

As a result of the factor validation by wind energy experts, four 
relevant strengths were identified: low CO2 emissions, the North Sea 
coast as a suitable location for wind farms, competitiveness of wind 
energy on the energy market and repowering. Due to low CO2 emissions, 
wind power is considered a key technology for Germany’s 

Table 1 
Background of the sample of experts.  

Background n 

Head of Department 1 
Technical operations Manager and Project Planner 1 
Consultant for Energy Management 1 
Executive Director 1 
Project Manager 3 
Research & Education 3  
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transformation towards a low-carbon economy (Destek and Aslan, 
2020). The majority of human-induced greenhouse gases originate in 
the energy sector (IPCC, 2014); thus, it is necessary to increasingly 
replace fossil-fuelled power plants by alternative renewable energy 
sources. Of all technologies available, generation of energy through 
wind provides the strongest potential in terms of installed capacity after 
hydro power (Jenniches et al., 2019). 

The second identified strength refers to the selected geographical 
location for wind energy development. The North Sea coast represents 
an opportune area for siting wind parks due to the favourable wind 
conditions (Croonenbroeck and Hennecke, 2020). From a 
Germany-wide perspective, Lower Saxony by far operates most wind 
parks and has an overall wind power capacity of 11,430 MW (STROM
REPORT, 2021). In the future, however, one of the surveyed experts 
expects that local wind conditions will play a subordinate role compared 
to power generation close to consumption. 

The third strength of the current wind energy development in 
Northern Germany concerns the competitiveness of wind technology. 
Since the introduction of the Renewable Energy Act in 2000, consider
able progress has been achieved in optimising technology and costs of 
wind energy. This is clearly indicated by the regulatory transition from 
monetary subsidies through feed-in tariffs to open market tendering 
processes in 2017 (Guan, 2020). Regarding costs, onshore wind energy 
technology is already able to compete with conventional energy power 
plants. Wind power generation is considered the most cost-competitive 
alternative compared to other renewable electricity sources (Chang 
et al., 2021; International Renewable Energy Agency, 2020; Smith 
Stegen and Seel, 2013). From an economic perspective, wind energy is 
technically mature and is progressing as a cost-effective electricity 
source (Nordensvärd and Urban, 2015). 

The fourth relevant strength is summarized under the term repow
ering. It refers to the modernization, replacement, and renewal of older 
wind turbines with the aim of increasing energy production and effi
ciency (Jung et al., 2018). With many wind turbines reaching the end of 
their service lifetime in 2020, repowering is a viable option to maintain 
wind power efficiency even without the benefits provided by the 
German Renewable Energy Act (Grau et al., 2021). According to one of 
the surveyed academic experts, repowering is especially significant 
vis-à-vis policymakers only reluctantly releasing new siting opportu
nities for wind turbines. 

3.2. Weaknesses 

The factor validation by wind energy experts revealed a total of three 
relevant weaknesses of wind energy development in Germany’s North
ern region. First, wind turbines generate negative external effects for 
humans. Residents are impaired by noise emissions emanating from 
wind turbines (Krekel and Zerrahn, 2017). Moreover, wind parks are 
perceived as a severe disturbance of the surrounding landscape (Arn
berger et al., 2018) which additionally and negatively affects local 
tourism demand (Broeke and Alfken, 2015). 

Second, impacts on wildlife negatively affect wind energy develop
ment. Thereby, concerns relate to the increased mortality of migratory 
birds, the cease of endangered species’ habitats and the degradation of 
local flora (Welcker et al., 2017). On the other hand, the occurrence of 
certain species and citizen nature conservation initiatives might 
considerably delay or even hinder the construction of new sites (Weber 
et al., 2017). 

The third weakness identified refers to the limited spatial opportu
nities for wind energy expansion. Although repowering endeavours in
crease efficiency and production of wind energy, studies conclude that 
improvements alone are not sufficient for a successful energy trans
formation in Germany (Grau et al., 2021) and sustainable wind power 
locations ought to be identified (Eichhorn et al., 2017). However, 
several favourable sites for wind turbines are already in use, under 
strong competition or may not be built on due to legal regulations and 
political manoeuvring, for instance the controversial minimum distance 
regulations (Eichhorn et al., 2017; Masurowski et al., 2016; Natur
schutzbund Deutschland, 2018). 

3.3. Opportunities 

Regarding opportunities related to wind energy development in 
Germany’s North Sea region, four factors have been identified and 
validated by the consulted wind energy experts. First, political will and 
incentives for wind energy operators are crucial for wind energy 
development in Germany. In recent times, political agreements and 
climate-related goals on regional, national, and sub-national levels have 
been adopted and publicly communicated. One major milestone is the 
European Green Deal and the ambition to reduce Europe’s CO2 emis
sions by 55% until 2030 (European Commission, 2020). With this, a 
European Climate Law which emphasizes the significance of a sustain
able, affordable and secure energy system has recently achieved provi
sional agreement between the European Parliament and Council 
(European Council, 2021). In Germany, a decision issued by the Su
preme Court in favour of more ambitious and strict climate laws is 
considered a historical achievement in the fight against global warming 
(BVerfG, 2021). A novel scenario-based study commissioned by Agora 
Energiewende (Prognos, 2021) takes account of these more ambitious 
goals. Although the significance of hydrogen production is expected to 
grow substantially, the study builds on PV and wind to achieve a sus
tainable energy transition by 2045. However, one of the experts in
dicates that the lacking political will of national and sub-national 
governments in recent years have clearly outlined how heavily this 
factor influences wind energy development in Germany. 

Second, the coal and nuclear phase-out as enacted by the German 
Government is an important trigger for renewable energy development. 
In 2011, Germany decided to phase-out eight nuclear power plants and 
nuclear power by 2022 (de Menezes and Houllier, 2015; Cherp et al., 
2017). Currently, there are six active nuclear power plants to be shut 
down (Bundesministerium für Umwelt, Naturschutz und nukleare 
Sicherheit, 2020). Furthermore, in 2020 the government put forward an 

Table 2 
SWOT analysis for onshore wind energy development in the German North Sea region.   

Positive Negative 

Internal Strengths Weaknesses 
S1: Low CO2 emissions W1: Impacts on humans 
S2: Location for wind farms (North Sea coast) W2: Impacts on wildlife 
S3: Repowering W3: Limited spatial opportunities for wind energy expansion 
S4: Competitiveness of wind energy on the energy market  

External Opportunities Threats 
O1: Political will and incentives T1: Local protest and resistance against projects 
O2: Technological developments in the storage sector T2: Complicated and lengthy bureaucratic procedures 
O3: Coal and nuclear phase-out O4: Climate Change T3: Strict ecological protection regulations  
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action plan and laws governing the phase-out of coal-fired power gen
eration (Bundesministerium für Wirtschaft und Energie, 2020). As to ensure 
that the structural transition occurs in a socially bearable and econom
ically feasible manner, it is set to be realized by 2038. 

The third factor identified aims at the opportunities for wind energy 
development which are derived from Climate Change. Wind energy 
generates power from never-ending resources and produces low green
house gas emissions and waste. Moreover, it was found that wind energy 
is not strongly affected by a changing climate (Koch and Büchner, 2016). 
The ever-growing presence and latency of Climate Change has triggered 
the necessity for low-carbon innovations and investments with the po
tential to mitigate the negative impacts caused by global warming 
(Chang et al., 2021). Halting the Earth’s rising global average temper
ature is an increasingly prioritised and publicly debated topic on the 
transnational scene (ProCon.org, 2021). 

The fourth opportunity related to wind energy development involves 
technological developments in the storage sector. With increasing 
amounts of renewable energy sources being fed into the German grid, 
the variability of electricity supply increases (Sinn, 2017). Similarly, 
electricity demand is temporally variable. To ensure long-term grid 
stability, energy storage options are considered key technologies for the 
energy transformation in Germany (Weitemeyer et al., 2015). Energy 
storage technologies have developed considerably in the last decade 
(Siddique and Thakur, 2020). According to a study conducted by the 
European Patent Office and the International Energy Agency (2020), 
patent registrations in the energy storage sector grew by 14% per year 
from 2005 to 2018. The patent currently dominating the energy storage 
market is battery storage with lithium-ion batteries. 

3.4. Threats 

Wind energy development in Germany is exposed to different 
threats, of which three are especially relevant to the consulted experts. 
First, local protest and resistance against projects influence the expan
sion of wind power. Local resistance against the construction of new 
wind parks is a complex and multi-layered social phenomenon (Weber 
et al., 2017). Whereas the so-called Not in My Backyard Phenomenon 
(NIMBY) represents oppositional attitudes towards the construction of 
wind parks nearby residential areas, Reusswig et al. (2016) found that 
public health, local identity, aesthetics and economic feasibility con
siderations play a role, too. As a consequence, such protests have caused 
substantial added costs and delays to projects due to pending lawsuits 
and deliberate blockades (Reusswig et al., 2016). One of the experts 
points at regional plans in Lower Saxony which are essential for the 
expansion of wind energy siting and against which lawsuits were 
introduced. 

The second factor threatening the development of wind energy in 
Germany refers to complicated and lengthy bureaucratic procedures. 
National and sub-national regulations as well as bureaucratic obstacles 
lead to uncertainty for wind energy companies (Smith Stegen and Seel, 
2013). This is reflected in the lagging development of new wind plants 
since 2017, the same year of the introduction of tendering processes for 
wind energy expansion. Potential causes for this underdevelopment and 
the systematically underbid tenders are yet unexplored, however ex
planations are associated with lagging construction approvals, compli
cated submission requirements, lawsuits and minimum distance 
requirements (Grashof et al., 2020). One expert justifies these complex 
procedures by pointing at different regional concerns which require 
careful weighting to prevent spatial conflicts. 

Third, strict ecological protection regulations pose a threat to wind 
energy expansion in Germany. European as well as German species 
protection laws require that impacts on nature and endangered species 
are taken account of when planning for wind energy sites. Hence, on 
European as well as national level the legal regime for species protection 
has the potential to become a substantial obstacle for enlarging the ca
pacity of wind energy (Akerboom et al., 2021). An example for these 

conflicts is the direct interference of the rotor blades of a wind turbine 
with the airspace of birds and bats causing collisions and deaths (Bose 
et al., 2018), as well as the habitat loss of local, wind energy sensitive 
bird populations in proximity to wind turbines (Eichhorn et al., 2017; 
Masurowski et al., 2016; Naturschutzbund Deutschland, 2018). 

3.5. AHP analysis 

The SWOT analysis is a qualitative tool that allows one person or 
company to visualize factors important for strategic decision-making. 
However, the SWOT matrix does not provide insights on the relative 
relevance among factors and thus complicates the task of decision- 
makers to prioritise among the available options (Brudermann et al., 
2017). The Analytic Hierarchy Process (AHP) method aims to overcome 
this obstacle and provides a tool for assessing and organising complex 
decisions. Hence, a rational framework is created for the factors and the 
criteria and alternative decisions are quantified in order to derive an 
overall ranking for the importance of all SWOT factors. 

During the information gathering and evaluation, 80% of the re
spondents’ judgments were accepted in this research paper. Thus, two 
out of the ten participants’ responses were considered as invalid due to 
very high inconsistencies in their pairwise comparisons. As for the 
analysis phase, there is a clear tendency that both positive categories, 
namely opportunities (p = .57) and strengths (p = .25) show signifi
cantly higher group priority values than their negative peers, threats (p 
= .12) and weaknesses (p = .06). As a consequence, the AHP method 
assigns more importance to the positive category factors. 

In the highest-rated category, opportunities, the factor [O3] Coal and 
nuclear phase-out was given the highest relative priority (p = .53), fol
lowed by [O4] Climate Change (p = .26) and [O2] Technological de
velopments in the storage sector (p = .15]. [O1] Political will and incentives 
achieved a relative priority way below its equivalents (p = .06). Second, 
the group of strengths is led by the factor [S1] Low CO2 emissions (p =
.52). [S4] Competitiveness of wind energy on the energy market (p = .27) 
and [S3] Repowering (p = .14) are perceived as less important by the 
sample participants. In fourth place with the lowest relative priority (p 
= .07) is [S2] Location for wind farms (North Sea coast). 

As for the negative categories, threats are given more importance 
than the group of weaknesses. The two factors, [T3] Strict ecological 
protection regulations (p = .58) and [T2] Complicated and lengthy 
bureaucratic procedures (p = .32), have scored a high relative relevance. 
[T1] Local protest and resistance against projects (p = .10) is considered, by 
far, the least important factor as a potential threat for the wind energy 
development. Finally, as mentioned before, the weaknesses category 
was considered the weakest group in our sample. [W3] Limited spatial 
opportunities for wind energy expansion (p = .59) and [W1] Impacts on 
humans (p = .30) are regarded as the strongest decision factors opposed 
to [W2] Impacts on wildlife (p = .11). 

To explain the spikes of relative local priorities (p ratings above .55) 
within the two negative categories weaknesses and threats, it is impor
tant to remember that these SWOT groups each include three decision 
factors unlike the positiveSWOT categories that comprise four factors. 
Naturally, this implies that the relative scores for the positively 
connoted factors will be lower, as the relative priorities are distributed 
among a higher number of factors. This is shown by the factors [T3] 
Strict ecological protection regulations (p =.58) and [W3] Limited spatial 
opportunities for wind energy expansion (p = .59) compared to the highest- 
ranking factors [O3] Coal and nuclear phase-out (p = .53) and [S1] Low 
CO2 emissions (p = .52). However, the influence is diminished in the 
AHP as the group priorities of the positive SWOT categories prevail over 
the groups of weaknesses and threats. 

In order to analyse the decision factors throughout the SWOT groups, 
the relative priorities of each factor were multiplied with the group 
priority of their respective SWOT category. In the AHP method, these 
computations are named overall priorities as all factors are placed on the 
same level. It is worth mentioning that the overall priorities ranking will 
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be dominated by decision factors of opportunities and strengths because 
the positive SWOT categories outweigh their negative coequals. Thus, it 
is not surprising that the three highest rankings belong to the factors 
from the group of opportunities. [O3] Coal and nuclear phase-out (p =
.30) and [O4] Climate Change (p = .15) dominate the overall priorities. 
[S1] Low CO2 emissions (p = .13) is considered the third highest-ranking 
factor, while for the factors of the negative categories, the superior 
overall priority value is attributed to [T3] Strict ecological protection 
regulations (p = .07). It grades as the fifth highest overall factor. 

The results of the AHP method of the sample are shown in Table 3 
and illustrated in Fig. 1. Moreover, Consistency Ratios (CR) of every 
comparison are documented in Table 4 and stay below the 10% 
threshold that Saaty fixed in his literature (Saaty, 1980). By analysing 
the AHP method of two distinct groups, company representatives, with 
five participants and academic experts, with three participants, a min
imal difference in judgments is perceivable. Both groups of respondents 
provided the same ranking for the SWOT groups. In fact, it is noticeable 
that the distance between the highest-ranking group of strengths and the 
lowest scoring category of weaknesses are in the same range for the 
group of wind park company representatives (group priority ranking 
from .58 to .06) and for the academic experts’ group (with p ranking 
from .54 for opportunities to .07 for weaknesses). 

Even though the judgments of both expert groups are almost iden
tical, there are some changes regarding the importance of the individual 
factors within each SWOT category, namely the local priority rankings. 
Note that the local priorities of the wind park operators’ personnel are 
highly similar to the rankings of the total sample, as it is depicted in 
Appendix A2. This is the case as this group consists of more participants 
than the academic experts group. In the category of strengths, the 
judgments of both groups ranked the decision factors completely 
differently. In fact, while company representatives ranked the four fac
tors in the same way as in the overall average sample (c.f. previous 
example), the academic experts assigned more significance to [S4] 
Competitiveness of wind energy on the energy market followed closely by 
[S1] Low CO2 emissions and classified [S3] Repowering as the least 
important factor of decision. 

With regards to weaknesses, the respondents of the scientific 

community ranked [W1] Impacts on humans as the highest priority, 
while the other group perceives [W3] Limited spatial opportunities for 
wind energy expansion as the most pressing fragility for the wind energy 
development in Germany. Both groups agree that [W2] Impacts on ani
mals are the least significant factor in this category. Contrary to the 
previously mentioned categories, this time the group of academic ex
perts influences the strongest the average of the opportunities group. 
[O3] Coal and nuclear phase-out and [O4] Climate Change rate the 
strongest for the group of academics. The respondents of company 
representatives also acknowledge [O3] Coal and nuclear phase-out as the 
most important factor, however to a lesser degree. The next decision 
factor is [O2] Technological developments in the storage sector and then, do 
the group of wind park personnel judge the German coal and nuclear 
phase-out as a significant opportunity factor. 

In the category of threats, academic experts judged that [T3] Strict 
ecological protection regulations are the main reason of concern for the 
wind electricity sector. The subsequent factors [T1] Local protest and 
resistance against projects and [T2] Complicated and lengthy bureaucratic 
procedures rank very close to each other. The company delegates’ re
sponses are closely matched to the overall sample’s judgements. As a 
reminder, [T3] Strict ecological protection regulations lead the priority 
ranking, followed by [T2] Complicated and lengthy bureaucratic proced
ures, while [T1] Local protest and resistance against projects is rated as the 
least significant decision factor. 

4. Discussion 

This study enabled us to achieve the primary objective: to identify 
and assess the main factors relevant for the diffusion of onshore wind 
energy in Germany. We assessed the relative importance of these iden
tified factors for wind energy development with a multi-criteria decision 
analysis. A sample was taken of wind park operators in Lower Saxony’s 
Wattenmeer region. This study allowed the identification of unique as
pects of wind power generation in natural conservation regions. 

Several limitations apply to the methodology utilised in this study. 
First, the literature review approach may be prone to subjective biases. 
The authors followed strict criteria for the choice of suitable articles by 
using keywords, date limitations and relevance filtering. That way, the 
approach may accurately be reproduced. However, the choice of ab
stracts and scientific papers was a decision finally made by the authors. 
Hence, future researchers may judge the relevance of the articles within 
the final sample differently. Second, the representatives of wind energy 
experts and wind park operators were limited. The total number of 
participants resulted from a small number of delegates per professional 
group, which does not represent the majority of all expert opinions in 
Germany. Third, a selection of save off factors needed to be conducted, 
since the AHP is not feasible with many factors. This led to the exclusion 
of relevant factors for the expansion of wind energy in Germany. Fourth, 
albeit the advantage an odd scaling offers to participants, namely the 
equal weighting of factors, it also entails a significant disadvantage. 
Midpoints have proven to be used as an ‘escape category’ for indecisive 
participants. Fifth, the results of the AHP calculations revealed that the 
answers were often inconsistent on an individual level (exceedance of 
the 10% inconsistency threshold recommended by relevant literature). 
This constraint resulted from the limited cognitive capacities and biases 
of the respondents. Nevertheless, there is no scientific justification for 
this threshold and the aggregated consistency ratios equalised the in
dividual cognitive biases. 

The relevance and contribution of this paper to current research lies 
in the perspective applied. Previous studies on wind energy so far were 
strongly oriented towards the in-depth consideration of single aspects of 
wind energy, such as specific technical, economic, or environmental 
risks and benefits. In this respect, individual factors, but not a compre
hensive comparison of factors influencing the wind energy development 
of a specific region were addressed. Some studies have investigated the 
risks posed by wind turbines to certain bat and bird species (Welcker 

Table 3 
Relative priorities of wind energy development SWOT factors.   

factor 
priority* 

overall 
priority 

Strengths (p =
.25) 

S1 Low CO2 emissions .52 .13 
S2 Location for wind farms 

(North Sea coast) 
.07 .02 

S3 Repowering .14 .03 
S4 Competitiveness of wind 

energy on the energy 
market 

.27 .07 

Weaknesses (p =
.06) 

W1 Impacts on humans .30 .02 
W2 Impacts on wildlife .11 .01 
W3 Limited spatial 

opportunities for wind 
energy expansion 

.59 .04 

Opportunities (p 
= .57) 

O1 Political will and incentives .06 .03 
O2 Technological 

developments in the storage 
sector 

.15 .08 

O3 Coal and nuclear phase-out .53 .30 
O4 Climate Change .26 .15 

Threats (p = .12) T1 Local protests and resistance 
against projects 

.10 .01 

T2 Complicated and lengthy 
bureaucratic procedures 

0.32 0.04 

T3 Strict ecological protection 
regulations 

0.58 0.07 

* The sums of all factor priorities within a SWOT equals to 1. The sum of all overall 
factor priorities also equals 1 (not considering rounding errors).   
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et al., 2017; Bose et al., 2018; Jenniches et al., 2019), as well as possible 
negative impacts on humans (Krekel and Zerrahn, 2017). Others have 
focused on aspects such as technological development of batteries 
(Siddique and Thakur, 2020), grid integration and (Weitemeyer et al., 
2015; Sinn, 2017), monetary incentives (Nordensvärd and Urban, 
2015), the political (Grashof et al., 2020) and societal discourse 
(Reusswig et al., 2016; Langer et al., 2018; Fraune et al., 2019). Addi
tionally, some researchers have questioned the impact of wind energy 
development on Climate Change and the potentials and threats the 
climate crisis might pose for the further development of wind energy 
(Koch and Büchner, 2016). All in all, these studies were rather oriented 
towards discovering novel and discipline-specific insights and have 
contributed to basic research. 

In contrast, an applied research approach was deployed to connect 
individual aspects and establish a broad and cross-disciplinary view of 

the overall furtherance of wind energy in Germany. In this article, a 
policy-oriented approach was selected to investigate the relative 
importance of internal and external facilitators and barriers from the 
viewpoint of wind park operators and wind energy experts. The com
bination of these distinctive perspectives made it possible to obtain a 
holistic view of favourable and hindering factors for wind energy 
expansion in Germany and consequently to develop particularly rele
vant policy strategies. All experts involved had a solid knowledge 
background in different wind energy related fields. Nevertheless, a 
deliberate interpretation of the results is necessary because every wind 
park location is different. The specific, location-dependent factors and 
the context, in which the wind parks operate, require consideration. This 
holds especially for external factors, such as threats and opportunities. 

As far as the selected case is concerned, this is the first paper to apply 
SWOT-AHP analysis in order to evaluate decision factors governing 
wind energy development. Thereby, the organisation of SWOT factors 
and quantification of their relevance supports the formulation of basic 
strategies for large-scale implementation of wind energy development 
policies in Germany. The comparison of strengths and opportunities (S- 
O) allows the derivation of basic strategies for the future. The guiding 
question may be formulated as follows: How can strengths be built upon 
to realize opportunities? Wind energy technology produces very low 
emissions and has been rapidly evolving in the last decades. Over time, 
an entirely new market that is capable of competing with incumbent 
fossil-based energy technologies emerged. In addition, wind turbine 

Fig. 1. Illustration of SWOT-AHP results. Higher distance to the centre of the matrix indicates higher factor priority. Positive SWOT factors (Strengths and Op
portunities) dominate over the negative factors (Weaknesses and Threats), leading to an asymmetrical presentation. 

Table 4 
Consistency ratios for AHP assessments.  

Comparisons Consistency Ratio 

Strengths 9.54% 
Weaknesses 3.05% 
Opportunities 8.37% 
Threats 8.59% 
SWOT Factors 8.72%  
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technology continuously offers considerable improvement opportunities 
through repowering. Thus, the environmental friendliness and advanced 
wind technology ought to be emphasized and strategically coupled with 
external opportunities. With two unsustainable and fossil-intensive 
electricity industries being phased out and the climate crisis drasti
cally worsening, there is an urgent need for rapid and large-scale action. 
While alternative technologies such as hydrogen are still niche de
velopments, wind energy has the capacity to provide much of the elec
tricity needed at reasonable prices while adhering to the CO2 balance. 
Due to the high relevance of the strengths and opportunities, policy- 
oriented strategies should emphasize the environmental and commer
cial benefits of wind energy. It may be fortuitous for local policymaking 
to publicly communicate the ecological and monetary advantages of 
renewable energy sources by illustrating them in direct juxtaposition to 
the downsides of coal and nuclear electricity generation. 

Additional strategic leads can be derived by analysing the external 
opportunities of wind energy development and the internal weaknesses 
of the technology. The primary question for basic strategies in this field 
is how the weaknesses of wind energy can be retained to realize the 
opportunities provided by wind energy. In general, weaknesses were 
rated the least relevant factor category. Thus, these results indicate that 
wind energy experts and operators are rather unpreoccupied with 
weaknesses of wind energy. With rapidly evolving technological 
breakthroughs, electricity generation by wind is becoming less depen
dent on weather conditions and storable. Thus, expanding wind energy 
to regions that are technically less favourable is possible and provides an 
opportunity to attribute more priority to the impacts that wind turbines 
cause on humans and wildlife. With wind energy expanding at much 
higher pace, a smoother phase-out of coal and nuclear power can be 
ensured. 

Further, basic strategies can be inferred from comparing strengths 
and threats (S-T). How may the strengths be applied to reduce the 
technology’s vulnerability to threats? An action plan is required to 
counter scepticism towards wind energy and at the same time strengthen 
the advantages offered by low CO2 emissions and the competitiveness of 
wind energy on the energy market. In addition to the diffusion of edu
cation and knowledge-sharing to greater audiences, policymakers 
should reinforce the inherent transformative capacity of wind power in 
promoting active stakeholder engagement. This is supported by Rand 
and Hoen (2017) and Petrova (2013), who found community ownership 
to be correlated to higher support and more positive attitudes towards 
wind energy. In fact, a sense of participation, trust and fairness by 
stakeholders may prevent strong opposition and make it possible for an 
in-depth comprehension of projects. Multiple stakeholders of different 
backgrounds, i.e. residents, wind park developers, environmental con
servation experts, fossil-fuel plant managers, shareholders, etc. should 
be brought together. The goal would be to define policies that take the 
interests of most stakeholders into consideration. Such projects can 
support public participation, while they remove social barriers (D’Souza 
and Yiridoe, 2014). 

As a final strategic direction, internal weaknesses are considered 
with respect to external threats. Hence, the guiding question may be 
how to come up with containment strategies that limit the influence of 
current deficiencies on the wind power sector. The risks and un
certainties associated with strict ecological protection laws and citizen 
resistance in form of e.g. lawsuits may deter wind park companies and 
impede future project development. The wind park representatives 
perceived the required complicated bureaucracy and lengthy procedures 
as a relevant barrier. Hence, reliable implementation of corresponding 
policy strategies is necessary to prevent the mutual contribution of 
weaknesses and threats to negatively influencing the further develop
ment of wind energy. For instance, the simplification and unification of 
federal and national legislations might ensure higher legal certainty, 
transparency of information flows and more swift availability of wind 
park construction permits. To absorb some of the aforementioned risks 
and uncertainties in the early project development phase, especially for 

smaller and citizen initiatives, the state could instate risk assumption 
mechanisms. In cases where wind project development encountered 
implementation barriers, governmental authorities could step in and 
guarantee both financial and consultative support. Lastly, the amount of 
new construction locations could be increased by improved coordina
tion and unity of the German states about ecological protection 
regulations. 

The AHP process revealed a strong positive attitude of wind energy 
experts and operators towards the advancement of wind power in Ger
many. In contrast, low priorities were assigned to weaknesses and 
threats, thus rendering the defence strategy rather negligible. Private 
sector representatives are involved in daily activities and especially 
aware of the internal operational and strategic challenges that their 
organisation or sector faces and yet assign the same relative importance 
to the positive categories as the academic expert respondents. These in 
turn demonstrate more awareness with respect to external technolog
ical, political and ecological related challenges to the wind energy 
generation sector. The empirical evidence clearly emphasizes environ
mental and ecological benefits from the experts’ perspective. The 
replacement of fossil-intensive energy sectors by low CO2-emission 
technologies and the growing global awareness of Climate Change 
may play in favour of the wind park industry, however its success is still 
dependent on how political and social barriers may be surpassed to 
proceed with the transformation of the current fossil-based economy. 

In future work, more research and scientifically independent inves
tigation should be dedicated to this question. Since feed-in tariffs have 
been replaced by mandatory obligatory tendering processes as a next 
logical step for building a competitive wind energy market in 2017, the 
development of wind power has been stagnating. The cause for these 
developments and its effects on future wind energy expansion are still 
underrepresented in academic research. According to a study commis
sioned in 2020 by the think tank Energy Watch group and the founda
tions World Future Council and the Haleakala Foundation, the 
introduction of tendering has been leading to ‘higher market concen
trations of a few incumbent firms and international developers, to the 
detriment of small or new actors (Jacobs et al., 2020). Small and 
medium-sized business initiatives such as citizen energy projects are 
deterred by the risks of bearing the transaction and potential sunk costs 
of bidding. In contrast, larger-scale actors benefit from economies of 
scale and easier access to project capital. The study conducted in 2020 is 
based on empirical observations in 20 countries and concludes that a 
more innovative and target group-oriented policy mix is necessary to 
meet climate targets in an inclusive and participatory way. All in all, this 
study supports the literature in that much of the scientific research 
firmly assesses wind energy as an indispensable power source in the 
future electricity mix. Moreover, the results highlight that weaknesses 
and threats of wind energy development cannot be ignored but are 
considered manageable from the respondents’ perspectives. 

5. Conclusions and policy implications 

The overall opinion of the experts is rather optimistic for the future 
development of wind energy in the North German coastal region. In the 
SWOT-and-AHP analysis, the perception of positive decision factors 
exceeds the adversely perceived factors. In fact, the wind power sector 
has benefitted from various external opportunities such as Climate 
Change or the nuclear and coal phase-out. Furthermore, the low 
greenhouse gas emissions and the competitive characteristics of the 
wind technology in the energy market have contributed to wind elec
tricity being the largest green energy source with a market share of more 
than a quarter of Germany’s total electricity in 2020 (STROM-REPORT, 
2021). 

However, wind park operators are confronted with barriers and 
uncertainties that influence the further development of the sector. Wind 
power businesses face difficulties with strict ecological protection laws 
and standards and cumbersome bureaucratic procedures. Furthermore, 
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various suitable locations for new wind parks are unavailable and 
thereby slowing down the overall pace of wind energy expansion. To a 
smaller extent, impacts on humans and wildlife are hindering factors in 
the implementation of wind parks in the Northern coastal region. 
Nevertheless, the participants of the study judged that these two factors 
are not a substantial matter for future wind energy expansion. 

Basic policy-oriented strategies were derived from the quantitative 
and qualitative findings. Due to the high significance of strengths and 
opportunities, it was recommended that policymakers should take 
timely and direct actions in this regard. In particular, local policy- 
making might emphasize the environmental and monetary benefits of 
wind energy projects through communication strategies and awareness- 
raising campaigns. Second, we investigated in what way the impacts of 
weaknesses could be dampened as to allow the realization of opportu
nities. Rather incremental policy strategies should be pursued, espe
cially in view of the inferior significance of weaknesses. As wind energy 
generation is gradually becoming less dependent on the weather con
ditions, regional and national planners might place stronger priority on 
environmental and human well-being when scouting new wind turbine 
sites. The third set of policy measures classify as incremental and indi
rect. Threats stemming from various stakeholders can become serious 
obstacles and risks for wind park operators. Hence, policymakers and 
public institutions of the energy sector could foster multi-actor partici
pation and advocate for policy-oriented stakeholder dialogues. Fourth, 
this study’s results pointed out the complicated bureaucratic procedures 
as well as strict ecological protection regulations that wind park oper
ators must abide by. Policy strategies to tackle these issues classify as 
direct and swift in their implementation. Basic strategies should ensure 
higher transparency of information flows, contain early-stage risks of 
project development, and accelerate construction procedures of new 
sites. Whilst these are restrained by eco-regulations, bureaucratic pro
cesses can still be simplified. 

The diversification of policy strategies is decisive for the achieve
ment of the different goals that are implied within the individual factors. 
Particularly, the strategies aim to strengthen the environmental benefits 
and maintain the competitiveness of wind power on the energy market. 
Also of high significance is the integration of citizen-based small and 
medium projects that foster public participation and community resil
ience. A promising opportunity for the practical application of such a 
multi-layered policy strategy is the COMPILE project put forward by the 
EU commission. The projects’ main goals involve the empowerment of 
local energy systems together with the decentralization of energy net
works, the optimal integration and control of all energy vectors and 
storage opportunities and the creation of new ways to stimulate the 
adaptation of technological solutions that foster a large-scale replica
tion. The active strengthening of community resilience might create new 
traction in the currently stagnating wind energy development in Ger
many. By creating individual energy islands for decarbonisation 
(Compile Project, 2021), the development of an entire landscape based 
on renewable energies is promoted. 

Overall, our study offered an amplified overview over experts’ cur
rent opinions on factors that influence the wind energy development in 
Germany in both positive and negative terms. To obtain finer nuances of 
the factors to be considered and their respective relevance in the future, 
we recommend researchers to conduct the survey on a larger scale and 
include qualitative interviews during the factor validation. Lastly, it 
would be of particular interest to create target group-independent 
samples that evaluate the perspectives of wind energy experts, wind 
park operators, environmental interest groups and experts as well as 
residents. 
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