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Abstract 

Background  One common renewable energy source for substituting fossil sources is photovoltaic (PV) systems. 
However, installing PV systems in agricultural areas can lead to competition with other land uses. These projects, 
therefore, often encounter problems with social acceptance in affected communities. Especially from the perspec-
tive of nature conservation targets, conflicts can arise. These potential differences are still under-researched but rep-
resent important knowledge for the societally broadly accepted design of such facilities and their contribution 
to energy transformation. In this paper, we investigate the perspectives of nature conservationists on PV in the region 
of Brandenburg, Germany. We comparatively analyse attitudes towards ground-mounted photovoltaics (GM-PV) 
and agrophotovoltaics (APV). APV combines energy supply and agricultural production on the same land and could 
thus be a possible solution for mitigating land-use conflicts.

Results  We investigated the degree of local acceptability and positive and negative influencing factors 
through a qualitative text analysis of ten interviews with local representatives and position papers by Nature Con-
servation Associations. Our findings show a growing consensus around basic assumptions of the need for renew-
able energies, the prioritised support for PV systems on rooftops over the installation on agricultural land (GM-PV 
and APV), and the necessity for PV systems to be compatible with nature conservation objectives. Regarding spe-
cific site decisions on agricultural land, we find diverging attitudes when comparing the content of position papers 
and the responses of interviewees. The interviewees advocate taking into account local interests and specific regional 
conditions, the effects of PV systems on the local environment, and the need for distributional justice. Large-scale 
plants are locally less accepted than smaller ones and there is a more open attitude towards the expansion of APV 
than of GM-PV on agricultural land. However, a range of concerns regarding consequences for landscape and biodi-
versity persists, and further research and clarification is required to address these issues.

Conclusions  We conclude that basic ecological standards and the demands of local stakeholders and interest 
groups should be taken into account when planning, implementing and reviewing PV projects in the future.
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Background
Globally, climate protection has become one of the most 
urgent political and social challenges of our time. In Ger-
many as well, the topic of energy transition (known in 
German as the Energiewende) towards climate neutral-
ity is central and the use of renewable energies has been 
widely promoted politically and institutionally, especially 
against the background of recently claimed intentions to 
reduce the country’s reliance on imported fuels. Germa-
ny’s Energiewende and the associated pressure to rapidly 
implement more renewable energy-generating systems 
is taking place mainly in rural areas. In particular, the 
installation of ground-mounted photovoltaic (GM-PV)1 
and wind turbine parks is space-intensive and has a large-
scale impact on landscapes. This leads to competition in 
rural agricultural landscapes between different land-use 
demands, such as energy supply, agriculture, forestry, 
nature conservation, local recreation and tourism. For 
instance, international targets agreed under programmes 
such as the European Green Deal, the Conservation 
of Biological Diversity (CBD) project and the UN’s 

Sustainability Development Goals (SDGs) can be viewed 
as competing with the goal of expanding the development 
of renewable energy systems. Strategies to reduce these 
competing demands often consist of segregating or inte-
grating different land uses. Against this backdrop, various 
approaches can be distinguished for photovoltaic systems. 
Whereas GM-PV is part of the segregation strategy (on a 
land plot, where either agricultural or energy production 
occurs), agrophotovoltaics (APV) have been discussed as 
a potential integration strategy because of their capacity 
to combine energy supply and agricultural production on 
the same plot of land, thus reducing land-use competi-
tion [2] (Fig.  1). In addition, for APVs, further synergies 
such as the protection of crops by means of solar modules 
have been promoted [3]. Schindele defines the following 
main characteristics of APV: (i) maintaining agricultural 
land; (ii) food production instead of extensification; (iii) 
protective function through higher elevation; (iv) contri-
bution to the adaptation of agriculture to climate change; 
(v) increasing the amount of land used; and (vi) being a 
“physical structure” and not a building [4].

Fig. 1  Characteristics of PV systems in agricultural landscapes: ground-mounted photovoltaics (GM-PV) and agrophotovoltaics (APV), illustration 
by Stephanie Brittnacher

1  Ground-mounted photovoltaic installations are defined in the German 
Renewable Energy Sources Act (“Erneuerbare-Energien-Gesetz”) as: “every 
solar installation which is not on, affixed to or in a building or any other 
construction which has been erected primarily for purposes other than the 
generation of electricity from solar radiation energy” [1].
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In this situation, where new technologies come up 
against possible opposition, nature conservation asso-
ciations (NCAs) constitute one type of actor that has to 
mark out its position and role so as to adequately rep-
resent its interests. Although nature conservation is 
still these associations’ primary objective, they increas-
ingly need to address other issues as well. We assume 
that diverse and diverging interests among members of, 
in particular, large NCAs could play a role in how posi-
tions are discussed and negotiated. It would, therefore, 
be valuable to investigate how NCAs adapt their objec-
tives, positions, and programmes to this situation, and to 
examine the variety of viewpoints they take on climate 
protection and on the use of GM-PV and APV to achieve 
this goal.

State of current research
A host of scientific studies focus on renewable ener-
gies—especially when it comes to their market-related 
and technical potential, but also in terms of social accept-
ance or acceptability2 towards various energy sources 
[5–9]. According to Busse and Siebert’s review of the 
scientific literature [5], the publication of papers on the 
acceptance and acceptability of renewable energies has 
increased over the last 20 years. The authors identify gen-
eral factors that influence acceptability-related decisions 
regarding renewable energies from different research 
studies, including trust, participation, prior experience 
and visual aspects. The expansion of PV systems has 
been recognised as a key contribution to implementing 
EU initiatives, such as the EU’s Green Deal (and its asso-
ciated recovery plan) and to achieve renewable energy 
and climate targets [5]. Despite the proposed benefits 
of initiatives like these, conflicts around land use can 
arise, especially in the case of large-scale PV installa-
tions. Focusing on these types of conflict, interviews in 
Switzerland with various stakeholder groups (includ-
ing representatives from NGOs) suggest that a balance 
between large- and small-scale PV installations could 
lead to higher social acceptance [5]. Due to an increase 
in the size and number of PV installations, Scognamiglio 
[10] argues for putting in place a more integrated GM-PV 
design that incorporates landscape aspects to minimise 
“land transformation”, enhancing ecological performance 
and hence gaining more acceptance from members of 
affected communities. Findings from a recent German 
survey looking at factors influencing people’s acceptance 
of different types of renewable energy—including PV—
show that societal perceptions and attitudes regarding 

renewables vary widely, ranging from support to indeci-
sion to opposition [11].

APV is even less investigated, because this innovation 
is more recent than GM-PV. In terms of APV, the tech-
nology as well as people’s perspectives on it has played an 
increasingly important role in research over recent years. 
APV is recognized as relevant topic of research and 
examined in different national contexts [12–14]. In par-
ticular, local and market acceptance are seen as essential 
for delivering sustainable energy and food at the Euro-
pean level [15]. Due to the potential of APV to combine 
different land uses, as well as to recent developments in 
APV technology and the diversity of design options relat-
ing to it, Toledo and Scognamiglio [16] argue that APV 
is acknowledged as a possibility for addressing some of 
the multifaceted challenges arising from climate change. 
In addition, the authors emphasise a general need for 
a transdisciplinary approach when developing energy 
transition projects. Acknowledging the importance of 
farmers’ views on the innovation for a successful diffu-
sion, interviews with experts from the agricultural sec-
tor regarding the challenges and opportunities of APV 
in the US show that its potential benefits are recognised 
in the combining of agriculture and solar energy [17]. On 
the other hand, some interviewees also mentioned barri-
ers for adoption, including concerns regarding long-term 
land viability, economic concerns about uncertainties 
and compatibility with farmers’ day-to-day practices. 
Interviewed farmers from Turkey display a positive atti-
tude towards APV and a motivational drive especially 
due to upcoming synergies regarding problems in Turk-
ish agriculture. Yet, institutional shortcomings arise [18]. 
In further research by means of a survey carried out in 
the US, Pascaris et al. [19] found evidence of a preference 
for APV instead of GM-PV under certain conditions—for 
example, if this resulted in a fair distribution of economic 
benefits. In 2023, Torma and Aschemann-Witzel [20] 
conducted an analysis based on semi-structured inter-
views regarding APV in Germany, Belgium and Denmark 
to identify barriers to and drivers of acceptance. How-
ever, environmentalists were not involved in this study. 
Especially in Germany—where our case study region is 
located—researchers have been intensively investigating 
the potential of this novel technology. Based on a choice 
experiment with a representative sample of the Ger-
man population, Gerhards et  al. [21] conclude in their 
conference paper that most respondents prefer a multi-
functional land use over spatially separated energy and 
agricultural production. Additional research has been 
carried out by Ketzer et al. [22, 23], who analyse the social 
acceptance from a citizens’ perspective on APV in south-
ern Germany. However, reviewing the state of current 

2  For definitions that explain the differences between acceptance and 
acceptability, see Sect. Theoretical Framework
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research suggests that a rigorous evaluation of opinions 
and perspectives of members of NCAs is still lacking.

Objectives and research questions
Thus, we identified a research gap when it comes to 
examining the local acceptability of PV systems in agri-
cultural landscapes (including GM-PV and APV), 
especially by members of NCAs. NCAs represent in first-
order nature conservation interests and are an important 
(counter-)voice in the discourse of sustainability-oriented 
development, where they are confronted with other 
“powerful” economic actors and their generally profit-
oriented interests. The authors posit that commonly 
agreed stances and the avoidance of fragmentation into 
partial positions may be valuable for ensuring a powerful, 
persistent and continuous representing of the interests of 
nature conservation in political decision-making.

However, such unified approaches seem to be increas-
ingly difficult against the backdrop of conflicting goals, 
growing complexities and ambiguities. Contradictions 
and conflicts about aims can arise between different 
levels of action and associated interests, for instance 
between global climate protection and biodiversity con-
servation interests, on one hand, and local (that is, loca-
tion-specific) conservation interests, on the other. At 
the same time, there are still many uncertainties regard-
ing the ecological impacts of PV (including GM-PV and 
APV), making it difficult to find a unanimous position. 
As a consequence, NCAs could risk weakening their 
voice in future policymaking around installing PV sys-
tems in agricultural landscapes. It is, therefore, impor-
tant, we argue, to grasp whether—and under what 
circumstances—internal differences and disagreements 
arise from the perspective of NCA members. This study 
contributes to this.

The aim is to shed light on the need to further analyse 
(local) environmentalists’ attitudes and potential hetero-
geneity of perspectives within the relevant organisations, 
especially in terms of varying opinions regarding differ-
ent projects. To examine these attitudes and members’ 
factors influencing acceptability of PV projects, we need 
to evaluate possible influences on their perspectives. 
We address this aim by applying qualitative text analy-
ses to (i) NCAs’ public position papers, (ii) expert inter-
views with people working at different levels of two main 
German NCAs, and (iii) an expert interview with one 
regional representative of several environmental organi-
sations working in Brandenburg.

The following research questions structure this paper:

RQ1: “What factors influencing the acceptability of 
GM-PV and APV of environmentalists can be identi-
fied?

RQ2: Do perspectives of local and regional environ-
mentalists regarding GM-PV differ among interview-
ees and do these differ from those expressed in their 
associations’ public statements?
RQ3: Do APV lead to a change in degrees of accept-
ability compared to GM-PV?

Theoretical framework
A much-cited work examining the relationship between 
acceptance and energy projects (including renewable 
energy sources and technologies) by Wüstenhagen et al. 
[24] proposes different dimensions of social acceptance. 
The authors divide social acceptance into three types: (i) 
socio-political acceptance, which covers acceptance of 
technology by the public, key stakeholders, and policy 
makers; (ii) market acceptance, which refers to accept-
ance by users/consumers, investors, and intra-firms; and 
(iii) community acceptance, including aspects of trust 
and procedural and distributional justice. Our study 
focuses mainly on socio-political acceptance, because 
local members and representatives of NCAs are a key 
stakeholder group when it comes to planning the imple-
mentation of GM-PV and APV. However, the second 
category—community acceptance—also plays a role 
in our study. Furthermore, it is important to note that 
Wüstenhagen et  al. use the term “acceptance” rather 
than “acceptability”. The former term can be ambigu-
ous: “acceptance” is often used to denote whether peo-
ple accept or reject something but it tends to presuppose 
that attitudes and decisions will be positive towards that 
which is accepted. Therefore, we advocate for a differen-
tiation between the two terms, as proposed by Busse and 
Siebert [5] and Fournis and Fortin [25]. Although there 
is no common understanding what both terms mean, we 
prefer the term “acceptability” when talking about a mul-
tifaceted, social and evolving phenomenon, and the term 
“acceptance” for positive outcomes as opposed to rejec-
tions of a proposal. Busse et al. define acceptability as:

“a bundle of complex, non-static but mutable deci-
sion processes regarding a certain object made by 
different involved actors. These processes are char-
acterised by the use of value-based arguments and 
by different acceptability degrees—ranging from 
rejection to high acceptance or even engagement. […] 
Within this process, an active reflection on the issue 
within its context and interaction with others and 
social norms are required [Lucke 1995]” [26].

One way to approach such complex phenomena is by 
carrying out acceptability studies. These should include 
all the previously mentioned aspects and should also 
take into account contextual aspects, such as legal and 
institutional frameworks, planning procedures, systems 
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approaches, societal factors and technical/scientific con-
siderations (ibid.).

Methods
Case study description
This study includes data collection on the national and 
regional level in Germany. Therefore, we describe the sit-
uation of GM-PV and APV in agricultural landscapes in 
the context of the country’s Energiewende, and then the 
specific regional conditions in the federal state (or Land) 
of Brandenburg.

On the national level, the German government cites 
the Energiewende (the transition to renewable ener-
gies) in their coalition agreement as a key part of their 
work to reach the “1.5°” goal and to abide by the Paris 
Agreement. Ministers have set out plans to intensively 
expand PV installations and to remove related barriers. 
Innovative types of PV technology such as APV that 
foster more multifunctional types of land use are cur-
rently being promoted [27].

The state of Brandenburg aims to be climate-neutral 
at the latest by 2045. To mitigate climate change, poli-
cymakers are aiming for a transformation of the current 
energy system towards a more climate- and environ-
mentally friendly one, with lower carbon emissions and 
greater maintenance and safeguarding of biodiversity, 
for example. The state’s Energy Strategy 2040 includes 

wind and solar power as the foundation for a more 
secure future energy supply. High expansion targets for 
PV systems are designed to cover 100% of gross elec-
tricity demand based on renewables by 2030 [28]. The 
planning and installations of all PV systems in agricul-
tural landscapes requires a binding site plan (“Bebau-
ungsplan”) and depends on municipal decision-makers 
to grant permits (“Kommunale Planungshoheit”). In 
this phase, different stakeholders, including nature con-
servation bodies, need to be consulted [29]. Recognis-
ing the importance of local representatives of NCAs 
active in the region is thus vital. The following info box 
(Fig. 2) describes how the NCAs are organised—specif-
ically in Brandenburg.

In comparison with GM-PV, APV systems are still at 
the embryonic stage of large-scale implementation in 
Germany [30]. For instance in Brandenburg and northern 
Germany, large-scale APV projects are still at the plan-
ning stage [31]. The state of Brandenburg acknowledges 
APV as part of its future energy supply with the possibil-
ity of creating additional income for farmers [28].

Since we expect that most conflicts with conserva-
tion interests will occur during the implementation of 
large-scale photovoltaic projects (GM-PV and APV), 
we focus especially on attitudes towards these large-
scale designs. Traditionally, Brandenburg has been an 
energy-producing state. For a long time, large amounts of 

Fig. 2  Info box about nature conservation associations (NCAs) in Germany and the tasks of the “Landesbüro” in the state of Brandenburg (Source: 
Landesbüro anerkannter Naturschutzverbände [26] and Umweltbundesamt [27, 28])
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energy based on coal were produced and exported. The 
plan is for renewables to eventually replace fossil energy 
sources [32]. Because the state has many sparsely popu-
lated areas, and due to high energy demand and energy 
prices, municipalities and farmers in Brandenburg are 
facing a run of investors searching for land suitable for 
implementing PV projects [32, 33]. The largest PV park 
in Germany is currently located in Brandenburg [34]. 
Due to their profitability, PV parks are increasingly being 
planned that go beyond the current criteria for funding 
set out in the German renewable energy law (ibid.). How-
ever, the large number of conservation areas in Branden-
burg is expected to give rise to potential conflicts over 
land use between advocates for the planned renewable 
energy projects and those tasked with nature conserva-
tion [32].

Research design
We aimed to address the research questions presented 
above by applying a nested case study approach [35] 
with an interpretive and qualitative research design [36]. 
Because ascertaining the attitudes and perspectives of 
nature conservationists regarding GM-PV and APV on 
agricultural land is a complex task, where little prior evi-
dence is known, a qualitative research design was chosen 
for gathering and analysing empirical data. The research 
design consists of three sequential steps: (i) a review 
of ten position papers from several German NCAs 
(RQ2); (ii) nine qualitative semi-structured interviews 
with representatives of NABU and BUND on regional 
and local levels (RQ1–RQ3); and (iii) one qualitative 

semi-structured interview with a representative of the 
overarching “Landesbüro Brandenburg” (RQ1–RQ3). 
The public statements and the interviews were analysed 
by carrying out qualitative text analysis (QTA), based 
on the work of Kuckartz [37]. With these three steps 
we addressed the following objectives: (i) creating a sci-
entifically valid overview of the publicly stated opinions 
regarding GM-PV and APV and the potential homoge-
neity or heterogeneity of these opinions; (ii) generating 
insights into factors that influence the acceptability level 
of regional (federal state) and local representatives and 
the potential divergences or overlaps among these lev-
els; and (iii) analysing the interviewed responses of one 
regional representative of several environmental organi-
sations working at the “Landesbüro” Brandenburg on 
various issues. Figure 3 illustrates the research design.

Data collection
For step (i) we reviewed the position papers of German 
NCAs (from national and regional levels) released from 
2021 to 2022. We chose this material based on a prese-
lection of relevant active associations working on general 
nature conservation issues and not limited to any specific 
project. From these, those with high membership num-
bers (to identify representative organisations) were cho-
sen. We gathered the most up-to-date position papers 
in connection with photovoltaics and solar energy. To 
ensure relevance, only publications from the last 5 years 
were considered. Data collection for the QTA was com-
pleted by the end of 2021, so any documents from after 
that date are not considered. Additional file 1 provides an 
overview of the analysed material (position papers). All 

Fig. 3  Nested case study approach for the national1 (Germany), regional2 (state of Brandenburg) and local3 (local groups in Brandenburg) level
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material addresses PV systems. In eight out of ten cases it 
is the central topic. In contrast to GM-PV, APV systems 
still play a minor role in these publications.

In step (ii), we conducted qualitative expert inter-
views [38] with representatives of two of the largest and 
most relevant German NCAs—NABU (Naturschutz-
bund Deutschland) and BUND (Bund für Umwelt und 
Naturschutz Deutschland). Nine interviews took place in 
July 2022, and the expert interview with the representa-
tive from the overarching Landesbüro in January 2023. 
These were conducted face-to-face, by telephone or via 
video link. Additional file  2 shows the characteristics 
of the interviewees (S1–S9). All interviews were semi-
structured. Thus, a prepared interview guideline con-
cerning context-related questions and literature-based 
questions (based on work by Busse and Siebert [5] and 
Dunk et al. [39], as well as on publications from Fraun-
hofer ISE [3], BUND [40], and NABU [41]) ensured a 
mix of thematic guidance and scope for new information 
[42]. The questions were structured into five main top-
ics personal background information; attitudes towards 
GM-PV and large-scale projects in Brandenburg; APV 
and land-use conflicts; perspectives on public opinions 
by NABU/BUND; closing questions) and a few subsidi-
ary topics (see Additional file  3). Because the interview 
with the representative of the overarching organisation 
was conducted after we had completed the analysis of the 
NABU and BUND members’ responses, it was possible to 
update and condense the interview guideline. Questions 
that did not lead to relevant insights were omitted from 
the final interview that was intended to support the find-
ings from previous ones. The guiding questions used can 
be found in the supplementary material. The interviews 
were fully recorded and transcribed verbatim following 
pre-set transcription guidelines.

Data analysis
To assess the public position papers and the interviews, 
we applied the QTA procedure devised by Kuckartz [37] 
and complemented this with information on software-
assistance by Rädiker and Kuckartz [43]. The first quali-
tative text analysis of collected publications was done 
manually and the interviews were evaluated using MAX-
QDA. At first, we applied the structured type to achieve 
a thematic analysis using a hierarchical structure (main 

categories and sub-categories). We started with concept-
driven (deductive) categories, created from previous 
research and interview material, and eventually added 
data-driven (inductive) categories. Figure  4 depicts the 
coding procedure. In the additional material, a profile 
matrix depicts the main messages of the codings in a 
condensed and structured way. This forms the basis of 
the content analysis for each analytical unit or each topic 
[37].

In a later step, we complemented the analysis with an 
evaluative analysis to determine the degree of accept-
ability decisions. Steps such as the ordinal formulation of 
characteristics (in this case the acceptability decisions as 
formulated by Sauer et  al. [44]), the allocation of state-
ments and the carrying out of group evaluations followed 
the procedures set out by Kuckartz [37]. The expert 
interview was analysed with the same procedure (three 
rounds of deductive/inductive coding) and the same cat-
egory system. It was necessary to create three new codes 
in addition to the existing category system (two negative 
influencing factors and one suggestion for improvement). 
To assess the similarity of the perspectives with, on one 
hand, the public statements of several organisations and, 
on the other, the statements of individual members, this 
structured type of analysis seemed a valid approach. 
Statements given by S10 were deemed to be current offi-
cial opinion—specifically for the Brandenburg region.

Results
The results section is divided according to the research 
questions. A summary of the content of the interviews 
and position papers is illustrated in profile matrices in 
the additional material (Additional file  4). The original 
quoted statements and their translations can be found in 
Additional file 5.

Factors influencing the acceptability of GM‑PV (RQ1)
The analysis resulted in a list of aspects that were either 
positive or negative acceptability factors—for instance, 
perceived trust enhances acceptance, whereas a lack of 
trust reduces acceptance. Figure  5 depicts these accept-
ability factors found in the interviews.

The members of NABU and BUND interviewed high-
light a broad range of aspects to consider. They point out 

Fig. 4  Coding process
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a lack of trust in decision-makers, their past experiences 
of nature conservation aspects not being considered 
impartially and the predominant focus put on economic 
interests. Some positive consequences of solar parks on 
biodiversity are acknowledged in theory, although some 
interviewees questioned the long-term benefits when it 
came to practical implementation. The regional “Landes-
büro” representative for various environmental associa-
tions (S10) mainly focused on the negative consequence 
of losing valuable land that should preferably be used for 
agriculture or to sustain biodiversity. It was mentioned 
that this impact is specifically strong in Brandenburg, 
since large-scale projects are common and land for agri-
cultural use is becoming a scarce and much-in-demand 
resource.

Heterogeneity or homogeneity in perspectives (RQ2)
In this section, we focus on the potential heterogeneity 
or homogeneity of perspectives (i) among respondents 
between the different geographical levels, (ii) among 
interviewees at the same geographical level, and (iii) 
between the interviews S1–S9 and public opinions (posi-
tion papers), as well as between the perspective of the 

regional representative for various environmental asso-
ciations (S10) and the statements put forward in the posi-
tion papers.

Results suggest that almost all interviewees agree on 
a few fundamental values: we see homogeneity in argu-
ments such as the need to develop renewable energies for 
climate protection and energy sovereignty in Germany. 
PV on roofs and sealed areas are always prioritised over 
GM-PV on agricultural land and cited as an option that 
does not interfere excessively with the surrounding envi-
ronment. We found agreement that the expansion of PV 
systems in agricultural landscapes (including GM-PV and 
APV) can give rise to conflicts between nature conserva-
tion and climate protection. Certain areas such as forests 
and nature conservation areas should be kept free from 
development. The representatives in Brandenburg are 
especially critical of large-scale projects and the effects 
on landscapes and rural areas. There is a degree of heter-
ogeneity of opinion between the interviewees regarding 
how they evaluate the conflicting demands, the accepted 
interference with nature in the name of long-term cli-
mate protection and the preferred design, the areas used 
and location of the PV plants. All interviewees call for 

Fig. 5  Factors influencing degrees of acceptability and related conditions for acceptance. According to their frequency of occurrence, the factors 
are arranged in descending order
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climate-protection measures that take into account the 
needs of nature and that enhance biodiversity as much 
as possible. Interviewees’ confidence in the supposed 
benefits to biodiversity varies markedly between them-
selves and in comparison with the assertions featuring 
in position papers. Most interviewees refer to existing 
PV parks or other renewable energy projects to empha-
sise their attitudes. Most of them also underline the need 
to monitor projects and research their side-specific fac-
tors and tend not to express either complete rejection or 
unquestioning support. The evaluative text analysis sug-
gests that acceptability decisions when it comes to PV 
parks are influenced neither by the geographical level 
(local ↔ regional) nor by membership in a particular 
NCA. We found high levels of acceptance and of rejec-
tion/opposition on both geographical levels. The follow-
ing quotes from local members of the NCAs illustrate the 
diversity of opinion even on the same geographical level:

•	 “Just because it’s renewable energy, every nature 
conservation association has to think it’s great. That 
actually can’t be the case.” (S1)

•	 “These are outdoor structural and commercial facili-
ties, in the open countryside, which basically don’t 
belong there. Of course, I don’t want to reject them 
with that.” (S4)

•	 “The little orchid back there where the photovol-
taic plants are or some other plant worth protecting 
will lose out. That’s how brutally I put it. But first, of 
course, we have to try to find solutions.” (S6)

Furthermore, interviewees exhibit a range of attitudes 
regarding GM-PV and APV, which results in varying 
degrees of acceptability that can be assigned: high accept-
ance was expressed by S3 and S6, whereas rejection 
was stated by S7. However, the most common degree of 
acceptability is “conditional acceptance”. Conditions for 
increasing the likelihood of acceptance are mentioned 
both in the interviews and in the position papers. We 
found conformity in demands for future projects such as 
the need for clear and transparent communication from 
the start, the active participation of different local stake-
holders in the planning process, impact compensation for 
municipalities, solar parks to be designed in cooperation 
with NCAs, and sensible compensatory measures com-
plemented by regular independent controls.

When comparing the statements of the regional rep-
resentative (S10) with publicly available position papers 
and the other interviews, we found that this interviewee’s 
attitude to large-scale GM-PV is much more critical than 
the national and regional position papers we assessed. 
The interviewee’s arguments supported statements 
from the other interviews: S10 stressed the unintended 

side-effects of the installations on nature over the long 
term and the loss of fertile land for agriculture and natu-
ral dynamics. As with the other interviewees, S10 called 
for more research on the consequences and for scientific 
monitoring of PV plants.

We also looked at the conformity or discrepancy 
between lines of argument in the position papers (pub-
lished between 2019 and 2021) and statements expressed 
by interviewees (2023). However, the analysis pointed to 
marked similarities between the opinions set out in the 
various position papers. The argumentation of the dif-
ferent organisations on the regional and national levels 
is consistent. We found a clear tendency in the position 
papers to prioritise PV on rooftops and sealed or devas-
tated soils. GM-PV is also welcomed in addition to PV on 
roofs when taking into account criteria governing nature 
conservation and climate protection. This is mainly justi-
fied on the basis of a perceived possibility for “extensify-
ing land” instead for using these sites for more intensive 
agricultural production or other land uses. The hope of 
the NCAs is that such an extensivation of land use could 
provide biotopes for insects and small mammals and, 
thus, enhance biodiversity conservation. Many inter-
viewees cited the need for consistent regulation, more 
investment and further research. Many acceptability 
factors mentioned by interviewees (Fig.  5) overlap with 
those appearing in position papers. However, it is nota-
ble that the regional and local representatives mentioned 
additional concerns surrounding GM-PV, such as con-
flict over land use and potential degradation of the local 
ecology, e.g., through fragmentation of habitats. Other 
considerations were evident in the interviews but often 
downplayed in the publications: visual impacts on land-
scapes scenery; a lack of trust in the fairness and inde-
pendence of some actors, a sceptical view of the genuine 
decision-making power of municipalities; and a diver-
gence between proposed site plans and their real-world 
implementation. The latter refers particularly to whether 
compensatory measures can be better regulated and 
adherence to these monitored over the long term. Anxi-
eties about an increase in (overly) large-scale projects in 
rural areas were expressed in nearly all the interviews.

APV: changes in degrees of acceptability (RQ3)
Finally, we examined perspectives on APV from the 
conservation angle. We looked at the potential of APV 
technology to be better accepted compared to tradi-
tional GM-PV on agricultural land as it can supposedly 
allay existing concerns. The NCA position papers rarely 
address APV, because it is a relatively novel technology. 
The organisations that thematise it remain vague in their 
public pronouncements and emphasise the potential for 
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combined effects of such multifunctional landscapes. In 
contrast, interviewees’ opinions were much more dif-
ferentiated. As an example, the regional representative 
of several environmental organisations (“Landesbüro”) 
refrained from expressing clear opinions about the inno-
vation. Nevertheless, this interviewee welcomed the 
idea of maintaining agricultural production using APV 
instead of GM-PV. Simultaneously insecurities and con-
cerns regarding APV and the same requirements regard-
ing compatibility with nature and project planning as for 
GM-PV are mentioned. Interviewees shared their doubts 
about this issue because of a lack of information and 
experience. In general, even if doubts were expressed, 
most supported the idea and recommended further 
research. Interviewees also stated that generally research 
insights should be communicated to the wider public.

In terms of interviewees’ conditional acceptance and 
doubts regarding traditional GM-PV systems on land, 
some acknowledge APV as a contribution to resolving 
conflicts around land use between the needs of agricul-
ture and those of energy production. However, in the 
words of one representative (S8): “Yes, one [conflict] will 
be solved, but not others.” Several respondents mention 
the emergence of new conflicts or the risks of exacerbat-
ing existing problems, such as lack of ecological connec-
tivity because of the fencing off of solar parks. Some were 
concerned about a growing visual impact on the land-
scape when high-mounted APV are installed. A general 
disadvantage of APV was seen in the fact that the claimed 
benefits of substituting agriculture with GM-PV, such as 
extensification, soil rehabilitation and biodiversity, do not 
come to fruition.

The evaluative analysis of degrees of acceptability 
shows that interviewees’ attitudes to GM-PV as com-
pared to APV are lower only in two cases (Fig. 6). For the 
majority of cases, degrees of acceptability are the same 
or higher, though we found no evidence for a pattern 

of agreement between the views of interviewees. The 
BUND members interviewed rate the technology more 
highly than do the interviewees from NABU.

Assessments vary from “industrial agriculture”, “sci-
ence fiction” and “horizontal electricity towers” (S1) to 
“be[ing] a real compromise” (S3) and a “great hope” (S5). 
With regard to conditions in Brandenburg, S3 said that 
“the soil quality index values are a bit too low for that 
[APV]”.3 To summarise, most of the nature conserva-
tionists interviewed seem to be open to the idea of APV 
installations. Nevertheless, interviewees mentioned still 
unaddressed questions and recommended that issues 
surrounding the planning and implementation processes 
of projects that reduce acceptance should be addressed in 
further studies.

Discussion
We now compare findings from the interviews with 
other study results in the relevant research field. Busse 
and Siebert [5] derived from a literature review the fol-
lowing factors influencing the acceptability of renew-
able energies in land-use contexts: participation of 
different stakeholders; prior experience; trust in deci-
sion-makers; distributional fairness; and economic and 
aesthetic aspects. Most of these factors were also men-
tioned by our interviewees as relevant to their accept-
ability decisions. In light of recent studies on GM-PV 
[10] and APV [16, 17, 46], we conclude that these fac-
tors are of a general nature and also play a key role 
regarding the acceptability of GM-PV and APV and for 
different stakeholder groups. A representative study on 
the societal perception of the Germanys Energiewende 
[11] has given evidence of a variety of opinions and 
differing degrees of indecisiveness regarding GM-PV. 

Fig. 6  Changes in degrees of acceptability from PV-GM to APV

3  Since 1934, productivity of land in Germany has been expressed in num-
bers up to 100 [45]
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Criticisms by German citizens match our results and 
include the issue of land consumption and negative 
aesthetic impacts on the landscape. We also found 
overlaps when it came to suggestions for the planning 
process, mainly relating to the need for procedural and 
distributional fairness. However, some findings differ 
from ours: the importance of individual financial com-
pensation or economic benefits for locals, for example, 
through creating jobs in rural areas, is emphasised by 
Sonnberger and Ruddat. Meanwhile, aspects relat-
ing to nature conservation seem to be more important 
for our interviewees than for the general, non-spe-
cialist public in Germany (as indeed we suspected). 
Concerns and suggestions that could raise the likeli-
hood of acceptance—similar to those identified in our 
study—are also mentioned in two qualitative research 
studies, where workshops were held with German citi-
zen on the theme of APV [22, 23]. The inclusion of a 
range of stakeholder groups and their early involve-
ment in further planning processes are needed [20]. 
For large-scale APV plants, deficits were identified in 
terms of visual impacts on the landscape and the risk 
that affected areas will be less attractive for recreation 
(ibid.). As we found in our analysis of position papers 
and interviews, the workshop participants stated a 
preference for PV on roofs and sealed areas rather 
than having any PV system park out in the open land-
scape. This preference has also been identified by Späth 
et al. [47] for GM-PV in Switzerland and by Torma and 
Aschemann-Witzel [20] for APV in Germany, Belgium 
and Denmark. Spät et  al. [47] also draws attention to 
the issue of PV parks’ potential scale by suggesting that 
“renewable energy expansion should preserve a balance 
between large-scale and small-scale photovoltaic power 
development to be socially acceptable amongst a broad 
spectrum of stakeholders.” However, in our empirical 
study the majority rejects large scale GM-PV parks, 
although some acknowledge the economic benefits of 
large parks and express conditional acceptance when 
environmental compatibility is considered. While our 
analysed position papers of nature conservation NGOs 
also favour the use of rooftops, they do not specify the 
size of plants, as some of the interviewees did. Com-
parable to our results, Ketzer et  al. [22] focussed on 
attitudes towards APV and found no clear rejection 
or acceptance but identified still unaddressed issues 
regarding the influence of APV installations on yields 
and ecological aspects. Their workshop participants 
advocated designs adapted to the landscape that also 
took into account local knowledge, more decentralised 
forms of energy production, and a more regulated and 
restricted expansion of APV in general. In contrast to 
our results, where APV is viewed with some scepticism, 

a recent study from the USA [19] suggests that a major-
ity is likely to accept solar projects in their community 
when APV is installed, as long as this leads to economic 
gains for farmers and communities, is located on pri-
vate property and existing agricultural land, does not 
result in conflicts with local interests, and when a fair 
distribution of economic benefits occurs. In line with 
US citizens, US experts mainly see potential benefits 
in the dual land use that can arise when applying APV 
[17]. These experts also mention the concerns and 
uncertainties of particular interest groups: for exam-
ple, farmers cite economic concerns and compatibility 
of their land with PV systems (ibid.). However, because 
we interviewed members of NCAs, our results have a 
stronger focus on concerns regarding biodiversity than 
the findings of most other studies.

Besides the overlapping results with other studies 
regarding the demand to involve different stakeholders in 
planning procedures, to secure distributional justice and 
to acknowledge the need for renewable forms of energy, 
we provide novel insights about the particular perspec-
tives and concerns of NCA members at local and regional 
(and to some extent national) level.

However, we did not find evidence that the degree of 
acceptability within NCAs is influenced by the geograph-
ical level at which they operate. More precisely, whether 
interviewees were active in local groups or at a more 
regional level did not seem to have an effect on their 
attitude. Although our participants were interviewed as 
environmental experts, their statements cannot be com-
pletely separated from their opinions and attitudes as 
people living in affected municipalities. Regarding the 
NCAs in national climate-change adaptation and miti-
gation programmes (such as Germany’s Energiewende), 
it is worth to mention that they are confronted with a 
new and challenging situation: currently, these organi-
sations occupy an area of tension between the “original” 
association’s interests—promoting nature conservation—
and the need to tackle climate change. Considering their 
attempts to position themselves as “balanced”, it is not 
yet clear how the structures and internal processes—
especially in larger NCAs—will develop. Our sugges-
tion is to consider different opinions inside large NCAs 
to counteract the risk of associations’ splitting into fac-
tions. Even if all members have the same overall aim to 
protect nature and the environment, some interviewees 
pointed to dissatisfaction within their organisations. In 
our view, this could delegitimise the arguments put for-
ward in position papers. The extent to which position 
papers are supported by NCA members remains unclear. 
Do they represent only a minimal consensus among 
members? However, a harmonisation of diverse opinions 
can hardly be reflected in position papers. Because local 
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NCAs’ members often express critical opinions about 
GM-PV and APV, this might lead to nature conservation 
interests being instrumentalised to bolster local opposi-
tion to renewable energy projects. Based on our results, 
we found that PV systems are not rejected per se but that 
nature conservationists support the Energiewende only 
on condition that their compatibility with local ecosys-
tems is genuinely considered and preserved.

We next want to shed some light on the significance 
of our results for the federal state of Brandenburg. In 
recent years, the installation of solar parks in the state of 
Brandenburg has increased rapidly. In addition, the situ-
ation will continue to gain momentum, since the expan-
sion of solar parks is also supported by federal-state 
policies as an option for attaining low-emission energy 
use and thus to achieve climate neutrality by 2045.4 As 
mentioned above (“Case study description”), Branden-
burg offers huge potential for putting in place renewable 
energy systems due to its extensive contiguous areas and 
relatively easy access to it. In contrast, Federal states such 
as Bavaria with different land use structure might be less 
attractive as sites for large-scale solar parks. We assume 
that this is why our interviewees from Brandenburg 
were particularly worried about the potential increase in 
the number of large-scale PV parks and the associated 
visual impact on landscapes, but this was rarely alluded 
to in position papers at the national level. Compara-
tive case studies that contextualise the situation would 
need to be undertaken in a variety of German states to 
examine whether our assumption is valid. The large 
scale of GM-PV and APV installations is seen by many 
local people as a major concern. This may be a barrier 
to widespread acceptance: for instance, we showed that 
attitudes are predominantly influenced by people’s expe-
riences with and perceptions of particular local projects. 
At the same time, this study also offers the opportunity 
to examine the acceptability by local stakeholders of such 
large-scale GM-PV and APV parks and their effects on 
biodiversity and agricultural production, as well as their 
impact on landscapes. Our study’s findings suggest that 
analysing local and regional acceptability matters: its 
results could be incorporated into regional planning 
processes that include consultations with environmen-
tal organisations as one type of regional interest group. 
This could help to promote policy aims and increase local 
acceptability, improve the design of GM-PV and APV 
installations and ease barriers to acceptance.

Although our qualitative study has shown the value of 
in-depth research for addressing complex phenomena, it 

does have limitations that could inform the design of fur-
ther research. It should not be assumed that the results 
are generalizable to other cases or that they will have uni-
versal validity, because they are context-dependent and 
may change over time. For instance, we could only incor-
porate a small number of position papers stating detailed 
about APV, because it is a relatively novel technology. 
Therefore, changing framing conditions in terms of tech-
nological progress or political regulations would need 
further analysis, because our evaluative qualitative anal-
ysis already indicated changes in acceptability degrees 
when applying APV instead of GM-PV. Such changes in 
acceptability over time have been argued by other stud-
ies [5]. A comparison of data collected at different times 
but relating to the same region is, therefore, also recom-
mended. In addition, future studies would be of value 
once APV has become more widely known among stake-
holders and when more practical examples and new posi-
tion papers focussing in-detail on APV are available.

Conclusion
We provided insights into the attitudes of local and 
regional nature conservation representatives on a highly 
politicised issue—the large-scale implementation of PV 
systems in rural areas in general and on agricultural land 
in particular. By means of the German case study region 
of Brandenburg, we were able to show that members of 
the interest group we studied have heterogeneous per-
spectives on PV systems installation on agricultural land 
(including GM-PV and APV). Nature conservationists 
are not a homogenous group—there is neither uncon-
ditional support nor uncompromising rejection in our 
results. However, conditional acceptance seems to be 
pervasive. Conditions for an increase in acceptability 
(for example, installing systems initially on roofs, early 
involvement of affected stakeholders) were mentioned 
by many interviewees and should be considered in future 
planning procedures to encourage local acceptance. 
Decision-makers should thus pay heed to suggestions in 
NCAs’ position papers for planning procedures and solar 
park designs that increase the likelihood of acceptance. 
Nature conservation organisations can advise on envi-
ronmentally friendly design possibilities that optimally 
combine nature conservation and climate protection. 
Even when NCA position papers claim public support 
for GM-PV and APV, it is still necessary to take on board 
individual and local perspectives. As factors such as the 
location and extent of planned sites, as well as specific 
regional conditions, seem to play a role, analysing the 
context, concerns and demands of local stakeholders 
should be undertaken at an early stage.

In addition to GM-PV, APV is likely to become a key 
ingredient of the future energy recipe in Germany and 4  https://​mluk.​brand​enburg.​de/​mluk/​de/​klima​schutz/​klima​schutz/​erneu​

erbare-​energ​ien/

https://mluk.brandenburg.de/mluk/de/klimaschutz/klimaschutz/erneuerbare-energien/
https://mluk.brandenburg.de/mluk/de/klimaschutz/klimaschutz/erneuerbare-energien/
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Brandenburg. APV systems are a promising solution 
to reduce land use competition between energy supply 
and agricultural production but could at the same time 
reduce the opportunity to extensify land use or reha-
bilitate biodiversity. However, our study revealed that 
opinions are currently still vague and based on sketchy 
knowledge. Many issues remain unresolved, for instance 
regarding long-term consequences, and more research 
on APV’s impact on nature and landscapes is, therefore, 
needed. In addition to constant and continuous moni-
toring of demonstration and experimental plants, APV-
related technologies and plant designs could be further 
developed in an open innovation process that includes 
participation from stakeholders. Listening to and seri-
ously including local environmentalists for the purposes 
of knowledge co-production could help to increase local 
acceptance and lead to long-term satisfaction with solar 
projects when most people are open towards the need 
for, and advantages of, APV. Based on local experiences 
there is often a mistrust of decision-makers, as the fol-
lowing quote from an interviewee shows: “The problem is 
that investors always look for the most profitable, for the 
maximum profit. In addition, sometimes, the best solu-
tion—the one with the fewest conflicts of objectives—is 
the one that is not the most profitable”. To generate more 
local acceptance, positive examples that consider several 
interests need to be created, particularly when it comes 
to biodiversity issues. Biodiversity aspects are naturally 
a key focus in our study, but many influencing factors 
and demands overlap with research results in other con-
texts, regions, or among other social groups. This gives 
relevance to our results that are already known (in sci-
ence and also to political voices). However, they need to 
be put into practice to allay the scepticism of local nature 
conservationists. It is thus important to identify objec-
tive specialists within the planning process who can build 
trust. Conflicts around land use will increase in future 
if policymakers cannot find long-term approaches that 
involve compromises between competing interests and 
that ensure compensation for affected parties. It will not 
just be a question of which renewables we can make use 
of to achieve climate goals, but also of how we imagine 
and shape our future: “Yes, so my first wish is that we talk 
much more about how we want to live in the future and 
how we want to do business in the future in view of the 
climate crisis, and that we discuss, discuss more strongly, 
where we can cut back in our luxury world. (…) and not 
just painting it green” (S8).
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