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A R T I C L E  I N F O   

Keywords: 
Agrivoltaics 
Climate change 
Dual land use 
Social acceptance 
Renewable energies 
Innovation diffusion 
Qualitative 

A B S T R A C T   

Agrivoltaics is a dual land-use approach, combining food and energy production. It is a yet underexplored 
innovation with high potential to address land-use conflicts. Understanding the basis on which stakeholders 
judge and decide on such innovations is crucial to understanding perception and adoption, especially when the 
potential value of an innovation is not solely on an individual level but also on a societal level. Therefore, we 
combine two theoretical lenses, the innovation diffusion theory for an individual and the social acceptance 
perspective for a societal lens. Through 27 semi-structured stakeholder interviews, we explore perceptions of 
agrivoltaics by different stakeholder types in three countries (Germany, Belgium, and Denmark) and different 
agrivoltaics system designs (vertical, horizontal, and as replacement of cover installations). We categorize our 
emerging themes into drivers and barriers of agrivoltaic diffusion in five subdimensions based on the known 
characteristics of innovation diffusion (Relative Advantage, Compatibility, Complexity, Trialability, and 
Communicability) and find social acceptance is the overarching dimension that embraces the five subdimensions 
by either strengthening or weakening acceptance on the micro, meso or macro level. Based on this categoriza
tion, we develop a conceptual model to highlight the need to address perceived drivers of, and barriers to, 
innovation adoption on different social acceptance levels. Our findings contribute to a better understanding of 
which perceptions play an essential role to whom. First, such a more holistic perspective can support policy
makers’ decisions on how to boost agrivoltaics as a potentially valuable innovation. Second, it can help re
searchers decide what to focus on when designing pilot studies, and third, it can support product and project 
developers decide on how to design agrivoltaic projects with better acceptance rates from all the involved 
stakeholder groups.   

1. Introduction 

Is it better to have pure solar parks and pure agricultural fields, or is 
it better to mix photovoltaics and crop cultivation on one piece of land? 
And what does better mean – a better energy yield, a better crop yield, a 
better compromise for land-use competition? Better than other renew
able energy choices, better for the farmer, better for local acceptance, 
better for public communication? 

To address these timely questions, we explore what stakeholders 
think about agrivoltaics (AV) and how their perceptions drive or hinder 
the diffusion of agrivoltaics as a means of achieving the green transition. 
After introducing the concept of agrivoltaics as a dual land-use 
approach, combining food and energy production, we will introduce 
the need and motivation for our research question to explore different 
stakeholders’ perceptions of agrivoltaics from an individual and societal 

perspective. To mirror these two perspectives, we will introduce inno
vation diffusion theory for an individual perspective and different levels 
of social acceptance for a societal perspective. Both theoretical lenses 
will be used to explore how stakeholders perceive agrivoltaics in the 
form of drivers of, and barriers to, innovation adoption or acceptance to 
address green transition in the agricultural sector. 

Green transition is needed, and the necessary steps to achieve this 
transition are underway: The UN’s sustainable development goals and 
the climate targets set by the EU (UNFCCC, 2015; United Nations SDGs) 
clearly lay the groundwork for achieving green transition. In this pro
cess, the agricultural sector is being asked to contribute by significantly 
reducing fossil fuel use and producing sustainable energy. Especially in 
Europe, this has caused a discussion on potential land-use conflicts due 
to financial and ethical reasons of how to (not) use arable land. How
ever, in an ideal case, crop and energy production does not have to 
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compete for land use but can be united in dual land-use approaches such 
as agrivoltaics. 

Proponents of agrivoltaics suggest a mutually supportive approach 
through which crop and energy production might benefit each other, 
leading to increased land productivity (Weselek et al., 2019). Interna
tionally, the relevance of agrivoltaics, driven by growing concerns about 
dependence on food and energy from other countries, has increased. For 
example, France’s government has named agrivoltaics a central pillar of 
its solar energy goals by 2050 (Gifford, 2022). 

Agrivoltaics exist in many different forms. They can be classified 
after the following five criteria (Willockx et al., 2020): crops or livestock 
applications, open-air systems or greenhouses, field or orchard crops, 
whether or not the photovoltaic structure is horizontally or vertically 
mounted, and whether the modules are fixed or movable. The optimal 
design of an installation depends on the climatic conditions, the needs of 
the plants, the workflow on the farm, and social acceptance of the design 
(Toledo and Scognamiglio, 2021). For the reader’s convenience, we add 
illustrative examples in Fig. 1 from existing pilot installations to outline 
how versatile agrivoltaic application scenarios can be: (A) An installa
tion of bifacial (double-sided) modules more than 7 m high, combined 
with winter wheat, potatoes, celery, and grass/clover (Heggelbach, 
Germany). (B) An installation for high-value plants, such as pears, that 
serves as a slightly tilted, semi-transparent, horizontal photovoltaic 
cover protecting plants against sun or hail. Such installations replace 
formerly used plastic covers (Bierbeek, Belgium). (C) A vertically ori
ented bifacial module that provides wind shelter and allows the gener
ation of energy during peak times of the day (Eppelborn-Dirmingen, 
Germany). 

One thing unites all of these agrivoltaic variations: The combination 
of producing energy while focusing on crop production as the primary 
function of agricultural land (Leon and Ishihara, 2018). However, 
agrivoltaic innovations are still considered to be in their infancy 
(Weselek et al., 2019). The further development of agrivoltaics requires 
more research on the context-specific usefulness and feasibility of the 
concept, and calls for research on how the idea is perceived by stake
holders to estimate its potential for diffusion (Ketzer et al., 2020b). 

This study explores the perceptions towards agrivoltaics of key 
stakeholders, such as farmers, politicians, journalists, municipality 
planners, and researchers because they are “on the frontlines (and) put 
plans into action, question when things don’t make sense, and find so
lutions that work” (Sutcliffe, 2021, p. 845). Taking such frontliners’ 
perceptions, cognitions, and emotions into consideration can serve as an 
early warning system of the weaknesses of innovations, and allows us to 
adapt the concept and its social process of change into a more sustained 
and robust act (Barton et al., 2015; Weick and Sutcliffe, 2015). Front
liners’ perceptions are critical in getting insights on the potential drivers 
of, and barriers to, agrivoltaics diffusion as a change process (Mamun 
et al., 2022; Mankad and Tapsuwan, 2011). 

2. Theoretical background and literature review 

Diffusion of innovation can be seen as an individual or societal 
process (Schiffman et al., 2012). On an individual level, diffusion is a 
process that deals with an individual’s level of accepting or rejecting an 
innovation. On a societal level, diffusion is the process of how in
novations spread to the broader public. We first introduce an individual 
perspective on how innovations are perceived regarding relative 
advantage, compatibility, complexity, trialability, and communicability 
based on innovation diffusion theory (Rogers, 2010). Second, we focus 
on a social perspective on how innovations are perceived based on the 
social acceptance literature that differentiates three social levels of 
analysis – micro, meso, and macro (Jaspal et al., 2016; Roddis et al., 
2018; Serpa and Ferreira, 2019). Third, we introduce state-of-the-art 
literature on social acceptance in the area of renewable energy 
innovations. 

2.1. Theory of innovation diffusion from an individual perspective 

Understanding the diffusion of innovations is nothing less than un
derstanding the process of change: One talks about an idea to someone 
else (communication). If the recipient perceives that idea as new, it is an 
alternative means to solve a problem (innovation). The new idea is 
different from the known practice (uncertainty) and motivates us to 
learn more about the new idea to reduce that uncomfortable stage (in
formation). As Rogers (2010) described, it is the individual’s perception 
that makes something innovative and not its objective classification. 
How people perceive the innovation determines whether and how it will 
be adopted. 

From a product developer or policy maker’s view, anticipating how 
people will react to an innovation – will they accept or reject it? – can 
reduce uncertainty about the likelihood of its acceptance. Based on that 
information, product features can be adjusted and the manufacturer can 
deliver accompanying information to reduce uncertainty and increase 
trust. 

Interestingly, the early roots of diffusion research are rooted in the 
field of agriculture: Researchers started to investigate the diffusion of 
hybrid seed corn with the practical aim of boosting agricultural pro
duction (Ryan and Gross, 1943). They observed that farmers were 
reluctant to adopt the hybrid seed, even though it was highly profitable; 
it took 14 years until all farmers in the involved communities had 
adopted the innovation, often due to social interaction with farmers who 
had already acquired the hybrid seed corn (Valente and Rogers, 1995). 
From these early roots, innovation diffusion theory became a widely 
acknowledged theory in social sciences and many other fields and hel
ped explain how, why, and at what rate an idea or technology is spread 
(Rogers, 2010). 

Besides people’s individual characteristics (Marescotti et al., 2021), 
whether or not an innovation is adopted also depends on the attributes 
of an innovation (Häggman, 2009). Five main attributes of innovations 
are acknowledged in the field of innovation diffusion (Rogers, 2010, see 
Fig. 2): (1) Relative advantage – the degree to which an innovation is 
perceived to have a marginal advantage over an existing idea or tech
nology; (2) Compatibility – the degree to which an innovation fits peo
ple’s present needs, values, and practices and is therefore regarded as 
more familiar; (3) Complexity – the degree to which an innovation is 
perceived to be difficult to understand; (4) Trialability – the degree to 
which an innovation can be tried out; and (5) Communicability1 – the 
degree to which the outcome of the innovation is visible to others. 

How these attributes of innovation are perceived influences the 
likelihood that people will adopt an innovation (Broman Toft and 
Thøgersen, 2015). As Rogers (2010) captures in a nutshell: Innovations 
that are perceived to have a greater relative advantage, compatibility, 
trialability, communicability, and a lower complexity will diffuse more 
rapidly than other innovations. In the case of agrivoltaics, a farmer’s 
perception of the concept will influence the farmer’s intention to adopt 
it (Gleim et al., 2015; Tama et al., 2021). Therefore, stakeholders’ per
ceptions are an early indicator and prerequisite of actual adoption 
behavior. 

2.2. The social acceptance literature from a social perspective 

An exploration of social behavior often involves three levels of 
analysis, the micro level as the individual level, the smallest unit of 
analysis, the meso level, which focuses on social group memberships, 
and the macro level as the highest, societal or global level (Jaspal et al., 
2016). These levels are also applied in the literature on social acceptance 
of renewable energy innovations (Devine-Wright et al., 2017; Wüs
tenhagen et al., 2007). The often-interrelated dimensions are displayed 

1 For a more intuitive understanding, the original term “Observability” has 
been changed to “Communicability” as proposed by Schiffman et al. (2012). 
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in Fig. 3: Micro (market acceptance), meso (local community accep
tance), and macro (national/global acceptance). 

On the micro level, consumers or industry actors represent the 
market acceptance of an innovation as potential adopters that might use 
or buy the product in focus. On the meso level, the local community and 
stakeholder groups’ perceptions are represented, whereas, on the macro 
level, a national or global, political, or simply policy perspective is 
taken. 

2.3. State of the art on social acceptance of renewable energy innovations 

Most existing research on agrivoltaics has been published during the 
past five years (Mamun et al., 2022). To date, these fields lack research 
on the social acceptance of agrivoltaics. We thus briefly introduce the 
main emphasis of social acceptance research in the broader field of re
newables, and then summarize the specific research on the social 
acceptance of agrivoltaics. 

Research on the social acceptance of renewable energy focuses either 
on specific renewables (Enevoldsen and Sovacool, 2016; Vuichard et al., 

2021) or compares social acceptance among different energy technolo
gies such as nuclear, hydrogen, wind, or photovoltaics (Roddis et al., 
2018; Sütterlin and Siegrist, 2017). Some examples of this 
well-researched topic focus on particular aspects of communication 
influencing people’s perception – the role of more abstract or more 
concrete levels of information (Sütterlin and Siegrist, 2017) or virtual 
reality as a way of more realistic experience of visual and acoustic ele
ments (Cranmer et al., 2020). Other research explores the importance of 
participation to avoid social opposition, such as the “Not In My Back
yard” (NIMBY) phenomenon (Enevoldsen and Sovacool, 2016) or the 
question of local co-ownership and usage of the produced energy (Liebe 
et al., 2017). 

Agrivoltaics is increasingly considered a multifunctional way of 
using land (Lambin et al., 2021). Still, only a few studies have focused on 
agrivoltaics from a social acceptance perspective. Those that have, are 
mostly in the US context, and have focused on agrivoltaics that concern 
livestock applications (where animals graze under photovoltaic in
stallations). One study based on a sample of ten interviews identified 
three main barriers to the diffusion of agrivoltaics: Concerns regarding 
the end-of-life impact of photovoltaic installations, concerns regarding 
the permanent infrastructure interfering with agricultural production 
and future farming practices, and uncertainties regarding the operation 
and business plan (Pascaris et al., 2020). Another US study on agri
voltaics with livestock application was based on 50 interviews with local 
stakeholders in the Michigan area (Moore et al., 2021). They provided a 
conceptual map of stakeholder interaction and sources of conflict 
regarding the siting of solar power on agricultural land. The study 
highlighted two contrasting stakeholders: On the one hand, farmers who 
should decide what to do with their lands (based on farmers’ private 
property rights and commercial interests), and on the other hand, col
lective, communitive-based decisions on what to do with farmland 
(based on classifying farmland as a public good). 

It is essential to note that the dual land-use approach of producing 
energy combined with either crops or livestock applications has been 
intensively discussed in some communities and by policy makers.2 

Especially in the European discussion and in countries where there is 
agricultural land with good soil, having domestic livestock grazing in 
between or under photovoltaic installations is perceived critically. 
Livestock-photovoltaic combinations on good soil are perceived as a loss 
of good arable land for productive crop cultivation. However, livestock- 
photovoltaic combinations are seen as potentially sensible applications 
on poorer soils. As a result, the European focus has been mostly on 
agrivoltaics with crop cultivation applications. 

In Europe, social acceptance of agrivoltaics has been explored in only 

Fig. 1. Illustrative examples of agrivoltaic installations [color should be used in print]. (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 2. The five main innovation attributes that influence innovation diffusion 
based on Rogers (2010). 

Fig. 3. The micro, meso, and macro levels of social acceptance based on 
Wüstenhagen et al. (2007). 

2 This observation is based on conversations with project members of an in
ternational research project that aimed to test and implement different tech
nical designs of agrivoltaics systems at different geographical places in Europe. 
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two publications on the same German agrivoltaic pilot site (a horizontal 
high mounting structure combined with winter wheat, potatoes, celery, 
and grass as well as test crops). The first study was based on a citizen 
workshop and identified the main areas of public concern: Opposition to 
the placement, implementation, and operation of agrivoltaics (Ketzer 
et al., 2020b). The recommendations for higher acceptance levels 
include i) a check of alternative opportunities (e.g., photovoltaics on 
rooftops before agrivoltaics), ii) no or low visibility to secure landscape 
scenery, iii) a mandatory level of crop production (e.g., quality and 
quantity), iv) environmental sustainability (e.g., material usage and its 
disposal), v) limitations and veto rights (e.g., citizen participation), vi) 
political direction (e.g., regulatory framework), and vii) win-win situa
tions (e.g., fair benefits for locals and landowners). The second study 
was based on three workshops – before and after a one-year operation 
time – and focused on the specific parameters driving or restraining the 
agrivoltaic pilot installation (Ketzer et al., 2020a). A significant obser
vation was the high number of influencing factors – a sign of the 
complexity of agrivoltaics implementation and local acceptance. The 
authors compiled detailed maps of the interconnected elements, allow
ing the support of mental “what-if” simulations. The maps cover inter
linkages between i) biomass and photovoltaic production, ii) technical 
system and agricultural production, iii) agrivoltaics and acceptance 
level, iv) agrivoltaics and economic outcome. 

To sum up, we introduce agrivoltaics as a timely and novel dual land- 
use approach combining energy and food production. For better inno
vation diffusion and acceptance, an understanding of individual and 
social perceptions is needed. Knowing and addressing such perceptions 
and classifying them into drivers of, or barriers to, social innovation 
acceptance is a prerequisite for accelerating agrivoltaics. Although so
cial acceptance of renewable energy sources has been well researched, 
few studies on agrivoltaics exist from a multi-stakeholder perspective, 
especially in the European context. To address this research gap, we 
contribute valuable insights into stakeholders’ perception of agrivoltaics 
by exploring and categorizing the drivers of, and barriers to, perceptions 
and diffusion of agrivoltaics from an individual and social perspective. 
We apply the theoretical lenses of the theory of innovation diffusion – in 
the form of its five attributes of innovation that influence how in
dividuals perceive and adopt an innovation on the micro, meso, and 
macro levels of social acceptance. Both theoretical lenses will be used to 
explore how stakeholders perceive agrivoltaics as a potentially valuable 
innovation to address climate change in the agricultural sector. 

3. Methods 

We explore how stakeholders perceive agrivoltaics by conducting 
semi-structured interviews. Our aim is to better understand stake
holders’ interpretations of the idea behind agrivoltaics and to examine 
the drivers of, and barriers to, the acceptance or rejection of dual land 
use applications. We research the perceptions of different stakeholders 
in three countries and of different agrivoltaics system designs. 

3.1. Thematic analysis 

We specifically rely on thematic analysis (Braun and Clarke, 2006; 
2021), following the methodological suggestion to build upon existing 
theoretical frameworks while remaining open to new emerging themes 
from our data set. We ground our data analysis on acknowledged at
tributes from the innovation diffusion and social acceptance literature 
and on emerging themes of general uncertainty concerning the 
perceived usability, feasibility, and acceptance of agrivoltaics. 

3.2. Sampling and data collection 

To understand the varied perspectives on agrivoltaics, we first sought 
to identify interviewees that represent information-rich sources of the 
phenomenon of interest. The authors were part of an international 

research project that aimed to test and implement different technical 
designs of agrivoltaics systems (e.g., vertical or horizontal) with 
different crops at different geographical locations. Our part in the 
overall research project focused on exploring stakeholders’ perceptions 
of agrivoltaics. We purposefully sampled interviewees who agreed to 
participate in our study – resulting in 11 interviewees associated with 
the research project and 16 outside the project. 

We kept inviting interviewees until few or no new insights seemed to 
be generated from more interviewees, and concluded that theoretical 
saturation had been reached (Brinkmann and Kvale, 2015). As presented 
in Table 1, we conducted 27 semi-structured, in-depth interviews with 
eight researchers, nine farmers, and ten stakeholders – all with different 
levels of knowledge about agrivoltaics systems (12 expert, ten inter
mediate, five low) – all from one of the different project countries (eight 
from Belgium, seven from Germany, and 12 from Denmark). Due to the 
COVID-19 pandemic, we scheduled online interviews via Microsoft 
Teams. This allowed us to offer interviewees a flexible but reliable 
interview schedule, in which they could control where (office, home, 
car) and when (in their local time zone) the interview took place to 
increase their sense of comfort (Hamilton, 2014; Iacono et al., 2016). 
The interviews were conducted between April–July 2021 in Dutch, 
Flemish, German, Danish, and English. Interviews lasted 55 min, on 
average. 

All interviewees signed an informed consent form (Appendix A). The 
consent form contained information about the aim, content, and applied 
methods and why the participation of the interviewee was of interest. It 
also assured anonymity and the right to withdraw at any time. We did 
not offer any incentive for participation. The interview guide 
(Appendix B) was semi-structured and applied according to the natural 
interview flow and the interviewees’ backgrounds. Open-ended ques
tions and probing allowed themes to emerge during the interviews. We 
integrated these themes with follow-up questions in subsequent 
interviews. 

Each interviewee was asked to name and indicate their experience 
with agrivoltaics, to express their perception of agrivoltaics (impor
tance/usefulness/comparison with other renewables), to elaborate on 
the pros and cons of agrivoltaics from a farmer’s perspective, to imagine 
the social role of agrivoltaics, and to express citizens’ perception of 
agrivoltaics. All the interviews were videorecorded, transcribed 
verbatim, checked for accuracy, and translated if needed. 

3.3. Data analysis 

To ensure rigor and trustworthiness throughout data collection and 
data analysis (Tracy and Hinrichs, 2017), the authors were assigned to 
two roles: The first author collected and analyzed the data, and the 
second author served as the “devil’s advocate” to maintain a balanced 
relationship of critical distance and reflective closeness to the data 
(Bocken and Geradts, 2020; Crosina and Pratt, 2019). The former role 
identified themes, compared emerging categories, and reflected on their 
independence. During regular biweekly meetings, the second author 
asked critical questions and discussed the emerging themes, their 
grounding in the data, and their interconnection with theory. 

We used thematic analysis as the foundational method to identify, 
analyze and report patterns emerging from our data set to offer a 
detailed thematic description of the data, the important themes, and 
their broader meanings (Braun and Clarke, 2006; 2021). In the first 
stage, we generated an open coding cycle with the qualitative data 
analysis program NVivo (the latest release version of March 2020), 
through which we stayed close to the data and identified open codes of a 
descriptive nature (Brinkmann and Kvale, 2015). In the iterative process 
of our inductive coding, we distinguished between statements of barriers 
(negative) to agrivoltaics and their drivers (positive), and the partici
pants’ perceptions or potential acceptance of implementation. One data 
unit could be coded once or at different times. Next, we gathered all the 
initial codes into possible first-order concepts, a process during which 
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concepts could be combined, refined, separated, or discarded. We 
defined and named the first-order concepts into second-order themes by 
revisiting and linking them with existing theory-developed aggregated 
dimensions. Although presented as a linear outcome, the analysis was 
dynamic and interweaved due to its qualitative nature. Our categori
zation is a meaningful simplification of the dense data we accumulated, 
with a focus on the most significant views of the participants (Tracy and 
Hinrichs, 2017). We selected compelling data examples by identifying 
illustrative quotes based on how they demonstrated the essence of what 
we wanted to capture. Those quotes will underpin our findings below. 

4. Findings 

We discuss the main drivers of, and barriers to, agrivoltaic innova
tion diffusion as the main themes identified in our analysis. The drivers 
and barriers are presented in a “versus” structure to the right and left of 
Fig. 4 to underline the stark contrasting perceptions of participants on 
drivers and barriers for related, but often opposing, themes and con
cepts. For example, some participants perceived that agrivoltaics lead to 
fewer land use conflicts (driver), while others perceived the opposite 
(barrier). At the end of this section, we elaborate on this stark contrast 
between participants’ perceptions of the feasibility and usefulness of 
agrivoltaics and its ability to address societal challenges. 

The aggregated dimensions in Fig. 4 are grounded in the introduced 
theoretical lenses that have been adapted to the case of agrivoltaics. First 
are the five characteristics introduced from innovation diffusion theory 
and adjusted to our case of agrivoltaics: Relative Advantage, Compati
bility, Complexity, Trialability, and Communicability. Second, we pre
sent a sixth dimension – Social Acceptance. We realized that this sixth 
dimension is not just another dimension but an overarching one that 
embraces the five subdimensions by being able to either strengthen or 
weaken acceptance on the micro, meso, or macro level. Based on this 
observation, we will present a conceptual model in the discussion 
section. 

4.1. Relative advantage 

We define the relative advantage of agrivoltaics as the degree to 
which agrivoltaics are perceived to have a marginal advantage over 
existing energy sources. Most participants compared agrivoltaics with 
other placements of photovoltaic applications (e.g., rooftops, highways, 
open fields) or after the ownership of the placement, being industrial 
(rooftops), public (highways or rail tracks), or privately owned (roof
tops, open fields). Another frequent comparison was made with alter
native sources of renewable energy (wind, biogas) or with energy 
sources considered less sustainable or more dangerous (nuclear power 
plants). 

4.1.1. Better versus worse than other renewables 
Agrivoltaics were seen as highly positive or were met with skepti

cism. The positive terms used included a “win-win” combination of crop 
and energy production, or “two plus two will equal five,” emphasizing 
the idea that agrivoltaics might be able to increase overall land-use ef
ficiency when crop and energy yield are taken together. 

“I see the combination of two purposes for the same square meter of 
land. I mean. I am from the [country] where it is very densely 
populated, so places are scarce. And if we can combine these two, I 
hope we have a win-win situation.” (Alex, researcher, expert AV- 
knowledge) 

Another positive evaluation by participants was that agrivoltaics are 
a better compromise to existing approaches, such as solar parks or wind 
turbines. Unlike those who were more enthusiastic, these participants 
suggested agrivoltaics were not a great solution but better than some 
alternative approaches. Some participants believed agrivoltaics were a 
holistic and sustainable approach to using land for different purposes, 
and supported the multifunctional use of land (Schröder et al., 2020). 
Besides the benefit of simultaneous crop production, participants 
mentioned the potential for water savings due to less evaporation. 

The more skeptical participants were worried about agrivoltaics 
mixing the two “clear” approaches of crop cultivation on agricultural 
land with photovoltaics for energy production. They expressed concern 

Table 1 
List of participants.  

No. Pseudonyms General role Country Knowledge 
level 

Specific role or focus Gender 

1 Liam farmer GE expert Farmer and part-time consultant for a solar agrivoltaics system provider male 
2 Ida farmer BE expert Energy consultant at a farmer consultancy female 
3 Martin farmer DK intermediate Farmer with a focus on high-value fruits and vegetables, organic and conventional male 
4 Ralph farmer GE intermediate Farmer (pigs and protein harvest) and part-time job at an online retailer for agricultural products male 
5 Bertram farmer DK low Director of Climate & Sustainability at an agriculture innovation & knowledge support center for 

farmers 
male 

6 Elijah farmer GE intermediate Organic farmer (dairy cows, cheese dairy, selling calves) who also offers vacations on the farm male 
7 Susan farmer BE intermediate Advisor at a farmer organization female 
8 Walther farmer DK low Head of sustainability department at a big farmer cooperative/company male 
9 Amelia farmer DK intermediate Farmer/owner of a family-driven estate, responsible for crop cultivation female 
10 Daniel stakeholder GE expert Agrivoltaics system provider, founder male 
11 Frank stakeholder DK expert Solar tracker system provider, project manager male 
12 Penelope stakeholder DK intermediate Planner at a municipality, responsible for renewable technology applications female 
13 Diana stakeholder GE intermediate Senior editor of an international magazine on photovoltaics female 
14 Finley stakeholder DK intermediate Local politician male 
15 Trevor stakeholder BE intermediate Advisor at a nature and environmental umbrella organization male 
16 Ulrich stakeholder BE intermediate Innovation manager at a bank male 
17 Christian stakeholder BE low Director of an association for rural residents male 
18 Kenneth stakeholder DK low Climate advisor at a nature conservation association male 
19 Nicole stakeholder DK low Country manager for agricultural customers at a bank female 
20 Alex researcher DK expert Postdoc in the field of agroecology male 
21 Beatric researcher DK expert Assistant professor in the field of large-scale energy systems, especially solar PV female 
22 Christopher researcher DK expert Senior researcher in the field of agroecology & circular bioeconomy male 
23 Emil researcher BE expert Assistant professor in the field of crop biotechniques male 
24 George researcher GE expert Research assistant in the field of agrivoltaics male 
25 Harry researcher GE expert Project manager for agrivoltaics systems at a research institute male 
26 Joseph researcher BE expert Researcher in the field of photoelectrochemistry male 
27 Oliver researcher BE expert Associate professor in the field of electrical energy technology male  
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that agrivoltaics would become an expensive solar energy production or 
that other photovoltaic installations would require less work and more 
money than combining both approaches. Some participants said agri
voltaics could lead to a conflict of interest, whereby crops and photo
voltaics would compete for solar radiation. The photovoltaic 
installations were labeled parasitic and dangerous because agrivoltaics 
would not hinder operators from prioritizing energy production over 
crop production. This was due mainly to the assumption that the energy 
yield would be better remunerated than the crop yield. 

“(…) in the end, it would be a bad scenario if the farmers were not 
involved at all. So, basically, their crops suffer from this production 
of solar energy, and the profits of the production of energy go to 
another party.” (Joseph, researcher, expert AV-knowledge) 

Some participants also questioned the sustainability of agrivoltaics. 
A few associated unsustainable issues with agrivoltaics, such as concerns 
regarding the photovoltaics installations contaminating the soil or their 
after-life disposal. Agrivoltaics were feared to involve more unsustain
able farming practices, such as the higher use of pesticides or detergents 
to maintain the photovoltaic installations. 

4.1.2. Flexibility to optimize VERSUS limited usability 
A few participants were impressed by the vast flexibility agrivoltaics 

implies. In their opinion, there are no limitations to how photovoltaic 
installations can be adjusted to fit specific agricultural purposes: “This is 
the first step in a direction where we have no idea where it ends up, and 
basically it is only the imagination that sets the limits on what we can use it 
(agrivoltaics) for.” (Finley, local politician, intermediate AV-knowledge). 

Fig. 4. Visualization of the emerging drivers of, and barriers to, agrivoltaic (AV) perception and diffusion, showing our first-order concepts, second-order themes, 
and aggregated dimensions. 
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Participants related flexibility to the different types of installations, 
allowing optimal system designs depending on given solar radiation 
areas, soil conditions, and crop types. 

“I think that the potential is extremely high in the tropics. And then 
becoming less the further you go to the North. I think here, and that’s 
why we choose this concept [vertical installations] of looking into 
the wind shelter here because that’s our problem. (…) we can shelter 
also above the crops [horizontal installations] against rain, hail, and 
dew. And rain and dew are the causes of many infections on crops; 
they can mold. The strawberries, for example, because they are wet. 
So, if you can shelter against rain and dew, you can avoid spray. So, 
we can grow some high-value crops (…) under those constructions.” 
(Christopher, researcher, expert AV-knowledge) 

On the contrary, some participants argued that the use of agrivoltaics 
would be limited to specific conditions. 

“ (…) if there is a limited amount of money to save the planet, I 
would not look too deep into agrivoltaics. So, the real success would 
be that in the countries where it’s getting almost impossible to grow 
crops, and we prevent them from burn, from sunburn by PV, that 
would be a real step forward. In all our countries to have a bit more 
megawatt peaks of solar, I don’t think that we should put all the 
money in that one basket.” (Oliver, researcher, expert AV- 
knowledge) 

Participants mentioned that only specific crops or soil conditions 
would suit agrivoltaic applications. Or that high solar radiation would 
be the only condition under which the idea of agrivoltaics could unfold 
its potential, therefore being more reasonable in Southern European 
countries or in the Southern Hemisphere. 

4.1.3. Less versus more land-use conflict 
Many participants found the idea of dual land use intriguing. 

Increased land-use efficiency was stressed as a necessity to meet the two 
mega challenges of the future – land shortage and growing energy de
mands. More concretely, agrivoltaics were acknowledged as a preven
tion strategy to address increasing competition on agricultural land. 
Good soil could be secured for crop cultivation and not “lost” as in
dustrial land due to its sole use for energy production. 

“What do I do with my space? Do I produce food that ends up on the 
plate, or do I create energy (…) with this concept [agrivoltaics]. I can 
easily avoid this food or fuel debate. So, I take away the critics of the 
energy transition and the critics in the population who say yes, we 
plant everything with PV. We don’t want that BECAUSE it has to 
remain in food production.” (Liam, farmer, expert AV-knowledge) 

Other participants doubted that the idea of dual land use would be 
able to avoid land-use conflicts. They believed the conflict would simply 
shift to a lower level because dual land use would introduce competition 
or require prioritization between crop and energy production. 

“(…) if you build such a plant, you are always talking about 30 years 
or 40 years of lifetime. So, they [the farmers] have to think if they 
can accept the boundaries that result from the usage. Especially the 
width of the machinery, the agricultural machinery. (…) But some 
say that technology is changing, and machines can become bigger, or 
even smaller or whatever. But maybe it won’t fit in ten years.” 
(Daniel, agrivoltaic system provider, expert AV-knowledge) 

A few participants were also worried that photovoltaic installations 
on agricultural land would cause another type of land use conflict, such 
as path dependencies that lead to a limitation of other utilization con
cepts of the land (Mahoney, 2000). 

4.2. Compatibility 

We define the compatibility of agrivoltaics as the degree to which 

agrivoltaics fit existing needs, infrastructure, or methods. Compatibility 
focuses on how much the innovation is perceived as connectable with 
familiar practices. In this context, participants highlighted compatibility 
with existing infrastructure or crop selection. We also considered the 
compatibility of agrivoltaics as to which degree they were perceived to 
cause low or high entrance barriers. 

4.2.1. Compatibility versus incompatibility with existing infrastructure 
In general, the compatibility of agrivoltaics with existing infra

structure can relate to technical or regulatory infrastructure. Partici
pants recognized that photovoltaic modules could replace or improve 
technical infrastructure on agricultural land. One participant even asked 
why existing solar parks could not be “upgraded” to agrivoltaic instal
lation. Most participants, though, mentioned examples where the roof
tops of greenhouses, plastic tunnels, or wind shelters would be equipped 
or replaced by photovoltaic modules, thereby transferring them into 
agrivoltaic installations. 

“(…) we have a lot of fruit production and fruit crops that are typi
cally covered by plastics or hail nets, so it’s quite invasive anyway. 
It’s not very appealing. You don’t see the trees. You only see the hail 
nets or the plastic above the trees. So, if you change the plastic to PV 
panels, that might be, you know, a low threshold for people to 
accept.” (Emil, researcher, expert AV-knowledge) 

Participants who judged agrivoltaics as incompatible with existing 
infrastructure referred mostly to missing power storage solutions or a 
missing grid connection to feed in. Other existing barriers mentioned 
were of a regulatory or bureaucratic nature. 

“Here you’re not allowed to put solar fields on agricultural fields. So, 
for these pilot sites that we developed in the project, we have had to 
ask for special permission, and we only got it because it was for 
research reasons.” (Ida, farmer consultant, expert AV-knowledge) 

Such barriers were very different and ranged from local to political 
regulations and from simply being fuzzy to agrivoltaic installations 
being classified as illegal under current law. 

4.2.2. Compatibility with crop types versus forced compatibility to ensure 
crop production 

Some crop types were mentioned as more intuitively compatible 
with the idea of agrivoltaics than others. As straightforward combina
tions, participants stated horticulture, high-value crops, weeds, grains, 
and no crop rotation. 

“I think it’s clear in horticulture we’re just so badly affected by foil 
tunnels, hail protection nets, and some other constructions. Aspar
agus, for example, just these foils on the ground, (…) with berry 
cultivation it [the profit] sometimes goes up to €100,000 what you 
convert in terms of year and area.” (Harry, researcher, expert AV- 
knowledge) 

A few participants suggested agrivoltaics was an emergency exit for 
farmers not to lose agricultural land for total crop production. 

“(…) Of course, there were always discussions about lease prices for 
these solar parks on open land. That they drive up rental prices, 
which of course is bad for the general agricultural environment.” 
(Diana, PV magazine editor, intermediate AV-knowledge) 

This was mentioned in cases where the farmer was not the landowner 
but might feel threatened to accept agrivoltaics installations to compete 
with increasing land-leasing rates for pure solar park installations. 

4.2.3. Lower versus higher entry barriers 
Participants who favored agrivoltaics suggested the flexibility of its 

installations would allow farmers to choose a tailor-made set-up to meet 
their farm’s specific energy demand curve. For example, one farmer 
stressed that his diary production peaked in the morning and evening. 
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Accordingly, an east-west orientation of the solar modules would allow 
him a higher degree of self-sufficiency. Second, few participants 
believed agrivoltaics would allow them to scale down the size of the 
installations, allowing them to run smaller installations more econom
ically. This impression was based primarily on comparing agrivoltaics 
with alternative energy sources, such as power plants, where economies 
of scale are inherent firmly entrenched. 

“(…) there is also the possibility that the farmer himself sets up a 
smaller solar cell area to use the electricity himself. Because if he 
leases it out or rents out the area to another company, he will not 
benefit from the power himself. They take it and sell it. But if he sets 
it up himself on a smaller scale, and maybe can become self-sufficient 
with his power or something, then it is again a calculation you have 
to find out if it can pay off for him and do it based on the crops he 
now has. And then it might be a little smaller area that is a little more 
manageable.” (Nicole, bank manager for farmers, low AV- 
knowledge) 

In contrast, participants raised concerns that agrivoltaic systems 
would not be flexible and would require high financial investments and 
long-term dependency due to the fixed installments. 

“And then uhm, the landscape composition, I guess, whether it’s hilly 
or flat. So, it, if it’s flat, then it’s easy. If it’s hilly, it’s difficult. If it is 
large acreage, easier, small acreage, more difficult.” (Walther, farmer 
cooperative, low AV-knowledge) 

Some participants believed agrivoltaics are suitable only for land 
that fulfills specific requirements. These participants emphasized that 
only landowners whose land characteristics qualified would be able to 
use agrivoltaics. 

4.3. Complexity 

We define the complexity of agrivoltaics as the degree to which 
agrivoltaics are difficult to understand or use, while simplicity suggests 
the ease with which agrivoltaics can be employed from the stakeholders’ 
perspective. 

4.3.1. Straightforward combination versus theoretical simplicity 
The basic idea of dual land use – combining food and energy pro

duction – was perceived as simple, sound, and clever. Participants 
emphasized that connecting two well-established and familiar systems, 
namely crop cultivation and photovoltaics, is perceived as self-evident. 
Additionally, the combinations that can be used with agrivoltaics appear 
endless, suggesting high potential for effortless but tailor-made 
solutions. 

“There are no one-solution-fits-all problems, and that is certainly a 
challenge. It is farmer-specific, it is region-specific; there is always 
only the locally best solution. You can, of course, classify that to a 
certain extent, and such approaches are happening right now. The 
fact that people say, ‘Ok, we now have, um, berry crops here, we 
have large soybean corn crops, so the design has to be different.’ We 
have aquaculture, or we have fruit trees and orchards, and on the 
basis of these let me call it crop classification or crop classes. You can 
also develop technological approaches that are then transferred and 
applied globally across climatic zones and across latitudes and lon
gitudes as these permit. So, a certain degree of homogenization is 
definitely possible.” (George, researcher, expert AV-knowledge) 

However, many participants acknowledged that the simplicity of the 
basic idea and its high theoretical potential to increase land-use effi
ciency would need time and effort to be understood and optimized in 
practice. 

“I also think that the agrivoltaics concept is at the beginning, so we 
first need to make sure that it is, in reality, beneficial to the crops, 

and it’s beneficial for the power plants, or at least that it’s not very 
detrimental for any of the two. So, I don’t think it’s an established 
technology. It’s something we need to learn and see if all our wishes 
or all the good things that we expect out of agrivoltaics can be 
materialized effectively.” (Beatric, researcher, expert AV- 
knowledge) 

The theoretically high flexibility was seen as a source of conflict, and 
that unknown side-effects or weak compromises would occur during the 
planning and implementation of agrivoltaics. 

4.3.2. — versus unclear political will and bureaucratic challenges 
No participants said they had experienced obstructive political de

cisions or bureaucratic barriers regarding the implementation of agri
voltaics. A few participants were hopeful about the future and 
anticipated increasing societal awareness regarding climate change and 
the need for a green transition. 

Many participants stressed the urgency of a clear political will and 
that the diffusion of agrivoltaics could be obstructed by a lack of 
applicable and timely regulations. They also said fuzzy, messy, costly, 
and lengthy planning and implementation processes that only big 
companies or specialized consultants would dare to face should be 
removed. 

“But then the next step is ok, they have a plan they want to build it, 
but then they bump into the legislation issues, and then typically all 
projects get killed off because, you know, this is just a killer for any 
kind of creative idea.” (Emil, researcher, expert AV-knowledge) 

One farmer said it was difficult to form a standard definition of what 
agrivoltaics are (and what they are not). While some interviewees feared 
a narrow specification of agrivoltaics would affect its diffusion, others 
believed that without a clear definition and framework, pseudo agri
voltaics installation would harm its reputation from the start. 

4.3.3. Diversification versus no core expertise among farmers 
A more specific aspect of complexity affects farmers when they 

become the owners or operators of agrivoltaic installations. Some par
ticipants perceived that by using agrivoltaics farmers would expand 
their core business from crop to energy production. Some farmers are 
already energy producers, but this profile could become increasingly 
significant as an alternative to stopping agricultural activities due to 
more attractive opportunities such as leasing their land for use as solar 
parks. 

“Of course, we’re a bit biased because the farmers we deal with are 
enthusiasts who also want to get involved and think along with us. 
That’s certainly not entirely representative (…) because we’ve al
ways said that farms have to play a central role; but in the end, they 
have to decide that too, if they have a central role, and if they say 
they don’t feel like it, it’s better that others do it, and they take care 
of the agricultural part. I think that’s fine too.” (Harry, researcher, 
expert AV-knowledge) 

As a barrier to agrivoltaics uptake, it was questioned if dealing with 
technical installations on their land would be attractive to most farmers. 

4.4. Trialability 

We define the trialability of agrivoltaics as the degree to which they 
can be visited and experienced. The participants suggested that only a 
very few agrivoltaic installations exist. The same is true in our focus 
countries – Belgium, Germany, and Denmark – and those that exist are 
either pilot installations from research institutions or early commercial 
enterprises that might not be considered as agrivoltaics entities. 
Therefore, we decided to describe the ideas participants mentioned as 
potential drivers for the trialability of agrivoltaics. 

Participants mentioned that trialability could be covered by first- 
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hand experiences by looking at installations, getting a tour with back
ground information, or open days at agrivoltaics sites. But we also 
consider business cases or information services as “trials” because they 
can raise awareness and enable individual thought experiments by 
stakeholders (Xuan et al., 2021). 

4.4.1. Promising versus lacking proof of concepts 
Local proof of concepts was recommended to specifically get farmers 

interested and convinced about the feasibility and usefulness of agri
voltaics. Participants mostly stressed the focus on proving how agri
voltaic installations affect crop cultivation in terms of less yield or 
benefits. Local installations focus on locally known and grown crop 
types to mirror real-life conditions as much as possible. Pilot in
stallations should preferably be on currently cultivated land so the 
farmer in charge can be available for peer-to-peer communication. 

“If you have a proof of concept in the south of France on a vineyard, 
yeah, well, there are no grape growers in [the country] or hardly any, 
so it’s not going to suddenly be translated to a pear orchard or a 
potato field. Uhm, so we can definitely learn from other countries 
and other crops, but there should always be some kind of local 
president, some kind of pioneer who really wants to do it, and this 
can then persuade other farmers. So, if we have data from several 
years that says, ‘Yeah, the yield is not lower, or it’s even the same. Or 
maybe it’s 90 per cent or something,’ this could be very convincing 
to a farmer. Like, what’s the yield and how do I build such a system? 
Like [what are the] technical constraints?” (Emil, researcher, expert 
AV-knowledge) 

However, all these potential drivers are not available yet and 
therefore the participants perceived them as barriers. Two participants 
were skeptical about the few existing or planned commercial agrivoltaic 
systems they had heard of. In their eyes, such early examples – driven by 
solar energy companies – could put the credibility of agrivoltaics at risk 
because their expertise and focus would not be on crop cultivation. 

“(…) with technology like agrivoltaics, you learn from doing it. And 
it’s important, I believe, that you do that, the test and interaction 
with the plants. That is totally difficult to depict in theory and in the 
model. You have to learn in the field. (…) and I think that’s definitely 
a cultural problem in [a country]; that we tend to plan everything to 
the last detail and five years have passed, and other countries have 
surpassed us." (George, researcher, expert knowledge) 

Other participants were concerned regarding the time conflict – they 
saw too little time left to carry out the desired research on agrivoltaics to 
be considered a timely alternative to solar parks on open fields. 

4.4.2. Promising versus convincing business cases 
Concerning the proof of concepts and pilot installations, participants 

especially desired a focus on small farms, where agrivoltaics would drive 
or enable complete self-sufficiency of the farming business from other 
energy sources. 

“So, the main purpose for me is to bring a little bit of money back to 
the farmer, but the most beautiful solution on a farm would be that 
they become self-sufficient with energy on their farm, and they’re 
not industrial producers of energy. So, if they can get a combination 
of a windmill and a few solar panels to cover their own needs, that 
would be absolutely fine for me, and then combine that with a bat
tery so they can distribute the use throughout the day.” (Walther, 
farmer cooperative, low AV-knowledge) 

Participants who perceived agrivoltaics as cooperation between 
many stakeholders saw a need to draft a reliable framework in which 
each stakeholder – project manager, landowner, and farmer – would 
benefit financially. 

Again, these potential drivers do not exist yet. They are expressed 
from the perspective of participants to ensure that agrivoltaics can 

contribute to a more holistic and sustainable approach to farming. From 
a commercial perspective, a few participants recommended that busi
ness cases for landowners or farmers should involve a comparison be
tween agrivoltaics and alternative renewables. 

“The farmer also has a really big task in finding out what it is all 
about because it is really complex (…) these agreements, which are 
largely irrevocable for 30 years, it does matter what is written in 
them. So, it is really important and the farmers are not specialists in 
solar cells and leases. They specialize in cultivating their land and 
caring for their animals. So, therefore, it is really important they seek 
this advice here because they typically have their competencies 
elsewhere. The solar cell company that has to set them up are deeply 
competent and super skilled at this because they do nothing else, and 
they have lawyers and jurists and all sorts inhouse, and the farmers 
are typically just themselves.” (Nicole, bank manager for farmers, 
low AV-knowledge) 

4.5. Communicability 

We define the communicability of agrivoltaics as the degree to which 
agrivoltaics and its characteristics can be communicated to key stake
holders and the public. This includes knowledge-dissemination activities 
and public relations, and attempts to make sustainable or circular 
farming more visible to consumers. 

4.5.1. — versus need for knowledge dissemination and public relations 
Even though research and commercial interest in agrivoltaics are 

growing, the public is largely unaware of the concept. Participants 
mentioned the general worry that many people simply do not care about 
how food and energy are produced. Others said they fear that if no 
convincing success stories are communicated, the public’s first impres
sion would be harmful and difficult to change. The participants rec
ommended disseminating knowledge transparently and openly with a 
balanced comparison of the different renewables’ benefits and disad
vantages. One participant emphasized the need to collect and commu
nicate country-specific calculations and maps of areas where 
agrivoltaics would be considered valuable and legal, as well as an 
overview of the total area that would be affected to reach a specific 
energy yield compared to alternative energy sources. Some participants 
emphasized the high relevance of a debate on accompanying topics, 
such as missing grid connections, if energy is not produced for self- 
consumption, or challenges with power storage and their conse
quences for the usability of agrivoltaics. 

4.5.2. Chances versus the risks of promoting activities 
Communicating the credence attribute (Ford et al., 1988) of crops or 

energy being produced with agrivoltaics to consumers is possible via 
product labels. Such labels would signal to consumers in the 
decision-making process that the power supply is sustainably produced 
energy. A labeled vegetable in a supermarket could signal being grown 
on an agrivoltaics plant and/or being produced carbon neutrally or 
grown on a self-sufficient farm. One participant mentioned that a 
certified label could help to distinguish agrivoltaics from 
pseudo-agrivoltaics. 

“Yeah, and I think it’s possible that there could be a kind of 
rebranding of the whole term, of course, if you could say a kind of 
quality seal almost. There, if you would call a new term, this could be 
the one referring to the REAL symbiotic agrivoltaics systems, where 
both of them fully profit or benefit from this.” (Joseph, researcher, 
expert AV-knowledge) 

On the other hand, one participant commented that there are so 
many labels on the market that such a specific attribute would be of no 
interest to consumers. Two other participants argued that even simple 
communication attempts could backfire. 
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“(…) when you have a solar panel or a wind turbine, you sell it like 
climate-neutral energy into the energy net. And then you cannot 
withdraw it from your milk production because then you would 
count it twice.” (Bertram, director at farmer support center, low AV- 
knowledge) 

The participants referred to experiences where companies or farmers 
were accused of “double counting” (Schneider et al., 2015). For 
example, in cases where a farmer sold renewable energy to a company, 
and both the farmer and the company released press information that 
advertised green energy production. 

4.6. Social acceptance 

Besides the five established attributes of innovation diffusion 
explaining how innovations are perceived and why they are adopted, we 
found social acceptance as an overarching dimension, influencing the 
other five dimensions by either being able to strengthen or weaken the 
social acceptance of agrivoltaics. The social acceptance dimension is 
required because the five established attributes of relative advantage, 
compatibility, complexity, trialability, and communicability focused 
originally on a specific product for a particular market or a specific 
consumer target group. But this market acceptance by industry actors or 
consumers, who might or might not adapt or use the product in focus, 
represents only the micro level of social acceptance. With innovations 
that can have a high potential impact on grand societal problems such as 
how to reach green transition in the agricultural sector, we see that the 
aspect of relevance of the five dimensions mentioned above is not taking 
into account the importance of an innovation being accepted on a so
cietal level. Based on our data, we therefore, introduce the additional 
dimension of social acceptance of agrivoltaics, which we define as the 
degree to which agrivoltaics are perceived to be implemented as a fair 
and just approach on the micro (market acceptance), meso (local com
munity acceptance), and macro (national/global acceptance) levels. 

4.6.1. Micro level: supporting “green” intentions versus increasing 
inequality 

From a farmer’s perspective, agrivoltaics extend the existing options 
of renewables by allowing for more holistic, circular farming practices. 
Farmers motivated to contribute their share to the green transition will 
likely consider agrivoltaics as lowering the carbon footprint of their 
agricultural practices. Furthermore, some participants expressed the 
hope that individual business cases would allow farmers to have an 
additional income. This was seen as a work-around solution for the so
cial discussion of farmers not getting paid fairly for their food 
production. 

Conversely, if the energy produced by agrivoltaics is not used for self- 
consumption, the issue of double counting was again emphasized. As a 
result, farmers would either be able to sell the solar energy produced for 
third parties to have an additional source of income, or they would be 
able to count the renewable energy for their own carbon footprint 
calculation. One participant also raised doubts regarding free access to 
agrivoltaics. He argued that depending on the requirements of agri
voltaic installations on farmland, and depending on one’s personal 
negotiation skills, the additional income might cause an even more 
significant pay gap and inequality among farmers. 

“(…) another worry I have is that some farmers might start having a 
benefit and others won’t. (…) Some farmers are in better positions to 
negotiate with some companies than others … so there is inequality 
… and it’s not about farming anymore, it’s not about growing to
matoes or potatoes. It’s really about who is going to negotiate the 
best deal with some electricity companies.” (Emil, researcher, expert 
AV-knowledge) 

Interestingly, some participants suggested subsidies were an essen
tial driver to make agrivoltaics attractive for farmers, both for their 

financial value and the fact that they would signal political support and 
social acceptance of agrivoltaics. 

“A barrier might be EU subsidies. Because as you know now, agri
cultural land gets subsidies from the EU, but if we put agrivoltaics 
into the fields, then we don’t know what the EU thinks. Is it still an 
agricultural field or is it an energy-production field, or what term do 
they want to give to it? (…) I think if it gets converted into an energy- 
production field with lower subsidies, where the farmer gets a lower 
price for it, I think that would be a very big barrier. To stop the 
incentive for farmers to change.” (Alex, researcher, expert AV- 
knowledge) 

However, some participants stressed that subsidies from a business 
perspective would only play a minor role in the profitability of photo
voltaic installations. 

4.6.2. Meso level: participative versus non-participative 
On a meso level, we distinguish two main themes participants 

mentioned: The different forms of energy supply with their interrelated 
degrees of ownership participation, and the highly topical theme of how 
agrivoltaic installations are perceived visually and what role this 
perception plays in their social acceptance. 

Regarding forms of energy supply, participants mentioned either the 
concept of agrivoltaics focusing on self-sufficiency or a farmer’s inten
tion to become a net producer of energy to the local community or the 
national grid. Becoming a self-sufficient farm with agrivoltaics was 
mostly positively reflected because smaller projects were assumed to be 
more feasible and better for local and public acceptance. Becoming a net 
producer was seen as a more complex approach. There was some support 
among participants for the opportunities participative ownership of the 
installations could create, e.g., local energy cooperatives financing and 
co-owning bigger agrivoltaic installations, allowing farmers and locals 
to profit from a local and independent renewable energy source. 

“It’s always good to involve people as much as possible. And I think 
we had a good development (with wind turbines) in the beginning in 
[country] in the last century (the 1980s and 1990s) (…) And there 
were some rules that if you owned a wind turbine, you should be a 
local person and cannot invest in something in another municipality. 
And then, when you invested in that wind turbine, you got back 
returns directly. That created a lot of local incentives. And I think 
there was little opposition for the first many years. The opposition 
started when companies started rolling out. And also when the big 
farms with many mills or turbines close together came up.” (Chris
topher, researcher, expert AV-knowledge) 

Participants also brought up power purchase agreements with en
ergy companies as another option. However, on the negative side, par
ticipants criticized the lack of infrastructure – especially feasible and 
affordable power storage options for self-consumption on a farm, a 
missing grid connection to feed-in as a net producer, or the bureaucratic 
barrier of not allowing either self-consumption or net production of 
energy produced by agrivoltaics. 

“(…) at this moment it’s a, you’re not allowed to sell your electricity 
to in [country], for example, your neighbors. You can sell your 
leftover electricity to electricity companies. But then you get a really 
low price for it, so it’s not a good business model yet. So, at this 
moment, I see the benefits of an agrivoltaics system more in the 
protection of the crops rather than in producing energy.” (Ida, farmer 
consultant, expert AV-knowledge) 

In general, bigger projects were indeed mentioned as financially 
more beneficial, but would also involve too many different stakeholders 
and conflicting interests, leading to prolonged projects, weak compro
mises, or non-materialization. Furthermore, the participants were con
cerned about the detrimental interests of core players in bigger projects, 
such as project investors, landowners, farmers, and photovoltaic 
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operators. 
Many participants believed there was a need to persuade public and 

local opinion to accept or tolerate perceived visual pollution. Recom
mendations included that agrivoltaics should be framed as a choice 
among alternatives, e.g., solar parks, windmills, or nuclear power plants. 
Or that the visual perception discussion should not aim for positive 
perceptions, such as liking, but more passive states, such as accepting or 
tolerating a view. A few participants assumed that the public and locals 
would get used to the presence of agrivoltaic installations. Others 
believed local and public reaction to the visual impact of agrivoltaics 
was unpredictable, and any visual impacts of agrivoltaics should be 
reduced or eliminated. This could be done by including mandatory 
shield installations with fast-growing trees or other means in public 
tenders, carefully choosing landscapes for agrivoltaic installations, and 
considering how to locate such areas across the whole country. 

“The majority who stumble upon these solar cell fields(…) think that 
they are not pleasant to look at and that they worsen the nature and 
the landscape. Then there are some that think it symbolizes “the 
green transition” and that it is a good thing. (…) you can make good 
fencing, not only with steel but with natural fencing of native species 
that are both good for nature and shield it slightly from the eye. 
There is landscape worth preserving on which we would like to avoid 
building solar power plants.” (Kenneth, Climate advisor at nature 
conservation association, low AV-knowledge) 

Although some participants regarded agrivoltaics as visually less 
harmful due to their potential integration with existing infrastructure 
and integrated biodiversity stripes and crop cultivation, they still 
favored pure solar parks. However, those in favor feared that some re
gions would be densely affected by them, whereas solar parks would 
have less effect on open land while achieving the same total energy 
yield. Furthermore, participants said that even if public opinion on 
agrivoltaic installations could be positively influenced, there would al
ways be a few locals who would have to live with the consequences of 
such installations. 

4.6.3. Macro level: big versus small players 
We found that agrivoltaics are regarded as one means of reaching the 

green transition. Opinions ranged from agrivoltaics being able to 
address the political imbalances of power in the energy sector to more 
cynical comments regarding the “big players” of the energy sector 
profiting most from agrivoltaics. Some participants believed a more 
democratic energy system was possible due to a sensed societal and 
political window of opportunity for a holistic, equal, and independent 
energy system, primarily by enabling small-scale farming applications 
that are self-sufficient, more climate-friendly to continue with food 
production. 

“It is a problem that in certain circles, depending on where you are, 
how green you are or call yourself – the so-called greens – agriculture 
is not always popular. But just around the corner, a worldwide 
famine is actually lurking (…) now it could be (that it is) ‘nice to 
have’ – that we could make strawberries and wheat between the 
solar cells. But in quite a few years, we do not know if it will become 
a ‘need to have’ that makes us go out and farm (both); then it would 
be ingenious to be able to do so.” (Finley, local politician, interme
diate AV-knowledge) 

Furthermore, agrivoltaics were recognized means of becoming in
dependent of energy imports from other countries or less sustainable 
energy sources. 

“We have to outsource all this and then import this energy again. (…) 
I’m not always a friend of it. On the one hand, I always get depen
dent. And I’m always dependent on my contractor (…). Just because 
we understand each other well today, we do not have to understand 
each other well tomorrow. One bad word and the relationship … 

well, it’s always happening fast, (…) it is my opinion that we must 
position ourselves in such a way that even if we do not operate nu
clear and coal power plants here, we are in a position to be confident 
and (…) provide energy permanently.” (Liam, farmer, expert AV- 
knowledge)) 

Some participants doubted whether agrivoltaics would become more 
than a niche technology, and that it would play a minor role in achieving 
the green transition. 

“On the one hand, I would like to answer yes. The agricultural area is 
huge, so there is certainly a potential for finding sufficient surface 
area. On the other hand, not every crop will be eligible to be com
bined with those photovoltaic installations. And is it also much easier 
in terms of maintenance options; for example, to start using roofs in 
industrial areas, earlier? But I can imagine that there is a role for 
agrivoltaics, but I think it will be a minority in the mix.” (Christian, 
Director at association for rural residents, low AV-knowledge) 

This was raised especially in the context of known and established 
large-scale applications of solar parks that were judged as way more 
cost-efficient and ready to use. 

4.7. General observations of participants’ perceptions 

So far, we have categorized our emerging themes into drivers and 
barriers of agrivoltaic diffusion in five subdimensions based on the 
known characteristics of innovation diffusion (Relative Advantage, 
Compatibility, Complexity, Trialability, and Communicability). We 
have found social acceptance as the overarching sixth dimension that 
embraces the five subdimensions by being able to either strengthen or 
weaken acceptance on the micro, meso, or macro level. Besides those 
main drivers and barriers, we have paid attention to a specific obser
vation of participants’ perceptions in relation to agrivoltaics that we find 
notable: A stark contrast between participants’ perceptions of the feasi
bility and usefulness of agrivoltaics and its ability to address societal 
challenges. If, for example, some participants perceived agrivoltaics as a 
relatively better approach than other renewable innovations, others 
perceived them as worse. While some argued that agrivoltaics are a 
promising initiative to address land-use conflicts, others claimed that 
land-use conflicts would only be transferred to another level. This might 
be due to the perceived high uncertainty connected with the actual 
usefulness and feasibility of an innovation. The usefulness and feasibility 
of agrivoltaics are still uncertain due to the early stage of development, 
the lack of sufficient proof of concept, and the lack of knowledge and 
familiarity with the idea. This observation is why our findings follow a 
“versus” structure, where the drivers and barriers are viewed as opposed 
to each other, highlighting the contrasting perceptions and evaluations 
of agrivoltaics. 

Furthermore, we observed a stark contrast between some partici
pants who expressed an intense longing for agrivoltaics as a great ho
listic approach that would tackle different societal challenges. Some 
participants hoped that the flexibility of agrivoltaics implementation 
would allow an “all-in-one” visionary concept to reach the green tran
sition and the sustainable development goals: To address land-use con
flicts between energy and food production, reduce carbon emissions of 
agricultural practices, implement more sustainable farming practices, 
secure and increase biodiversity and natural habitats, install and support 
participative processes with local community cooperatives, and ensure 
additional income for farmers to make up for consumers’ low appreci
ation of food production. 

“In my ideal world, all these hundreds of gigawatts of solar PV are 
owned by farmers, installed on their land, and they are also owned 
by citizens, installed on their rooftops. And we have, and we can 
have a transformation of the energy system that is not only to new 
technologies but also to a more participated system.” (Beatric, 
researcher, expert knowledge) 
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In contrast to the optimists, a handful of participants expressed the 
belief that agrivoltaics would be “just another” renewable innovation 
that would not be able to solve the problems of humanity. For example, 
these participants voiced their doubts by being highly skeptical of an 
approach such as agrivoltaics that mixes different aims. 

“If profit maximization is the first reason, then, yeah, you will get all 
kinds of side effects if decisions have to be made. For example, food 
versus energy and these kinds of things, you will, well, they will … 
they will act out of self-interest, and then you will see that even 
renewable energy can have a bad impact, which they already see 
sometimes with large solar farms and wind farms or land grabbing in 
Africa and these kinds of things. So, I think we should be very careful, 
and we should not simply assume its green energy, but it will always 
have a positive impact on society.” (Joseph, researcher, expert AV- 
knowledge) 

The participants perceived the high flexibility and high mixing of 
goals as burdens that bear more conflicts than they solve. In the dis
cussion section, we will summarize our overall findings on how stake
holders perceive agrivoltaics differently and discuss why taking such a 
holistic perspective on innovation perception is essential. 

5. Discussion and conclusion 

We first revisit our research focus and summarize our findings. Based 
on our findings, we connect the two theoretical lenses of innovation 
diffusion theory and the social acceptance levels by constructing a 
conceptual model, the Pentagon tower of social innovation diffusion. We 
illustrate the practical value of conceptual models to broaden the view 
on different perceptions of socially relevant innovations. To do so, we 
give practical recommendations on how to use identified drivers of, and 
barriers to, agrivoltaic perceptions to address a variety of perceptions by 
different stakeholders of different innovation characteristics. We discuss 
the potential limitations of our research approach, suggest further 
research directions, and finish with concluding notes. 

We introduced agrivoltaics as an innovative concept allowing dual 
land use for crop and energy production. Agrivoltaics aims to address 
the land-use competition between agriculture and photovoltaics by 
reconciling them. The concept also contributes to the social challenges 
of reducing fossil fuel use by producing sustainable energy and offers 
crop protection against specific weather conditions and climatic changes 
in general. Most studies have focused on factors driving or hindering 
innovation diffusion based on the innovation’s attributes from con
sumers’ or investors’ point of view only (Edwards-Jones, 2006; Mar
escotti et al., 2021; Meijer et al., 2015; Sassenrath et al., 2008). 
However, with agrivoltaics, we see that innovation with such relevance 
can affect overall society. We observed that research on the perspectives 
of stakeholders other than customers or buyers is underrepresented. 
Policy-makers and advisors know that besides profit maximization, 
many more factors influence decision-making in the agricultural field 
(Hayden et al., 2021). The perceived benefits and disadvantages of 
innovation such as agrivoltaics are not limited to the micro-level of 
farmers, landowners, or industrial actors as the apparent target group 
for adoption (Pascaris et al., 2020). 

We, thus, explored the perception of agrivoltaics regarding its social 
acceptance on the meso and macro level because stakeholders on these 
levels perceive the potential contribution of agrivoltaics differently. On 
the meso level, the local community and stakeholder groups’ percep
tions are represented, whereas, on the macro level, a political, national, 
global, or simply a policy perspective is taken. All these different 
stakeholders’ perceptions indicate whether to accept agrivoltaics or not 
(Yoder et al., 2019). If one knows the potential drivers of innovation 
adoption and acceptance, they can be enforced, and potential barriers 
can be mitigated. 

We found that perceptions of agrivoltaics depend on which attributes 
of agrivoltaics one is looking at and from which specific stakeholders’ 

perspective. We interviewed 27 participants and found a stark contrast 
among participants’ perceptions, varying broadly on the perceived 
feasibility and usefulness of agrivoltaics. The differences in these per
ceptions were due partly to the fact that agrivoltaics is in an early stage 
of development. Understanding whether perceptions of agrivoltaics as a 
change in existing farming methods, infrastructure, or landscape view is 
welcomed or met by resistance is complex. Our findings reveal that there 
was a lack of consensus on whether agrivoltaics is a socially relevant 
innovation that will contribute to the green transition in the agricultural 
sector. 

This finding led us to present our results in a “versus” structure to 
highlight the contradictory perceptions: Overall, agrivoltaics were seen 
positively as a highly flexible initiative, a good compromise to solve 
land-use conflicts and a way to contribute to the green transition. On the 
negative side, agrivoltaics were described as too complicated, too late to 
have an impact, too expensive, visually unacceptable, and serving as a 
catalyst for potential conflicting stakeholder interests. Our findings 
reveal high perceived uncertainty regarding the usefulness and feasi
bility of agrivoltaics (Ketzer et al., 2020a). 

On the positive side, agrivoltaics seem to open up the possibility of 
becoming an important and convincing tool to reach the green transi
tion; on the other hand some stakeholders believe agrivoltaics could end 
up being a misallocation of money and time. However, we can see huge 
potential for agrivoltaics if its implementation is fair and just and con
tributes to the green transition. However, what is considered fair and 
just depends on the specific stakeholder groups’ perceptions and in
terests (Ketzer et al., 2020b). The future development of agrivoltaics 
seems to depend on the criteria for its success in terms of the financial, 
temporal, social, individually fair, and just benefits it offers. 

5.1. Practical recommendations 

Innovation diffusion aims to change existing processes. Following 
Sutcliffe (2021) assessment, we take inspiration from research on 
organizational change in the agricultural context: Change is neither 
good nor bad; it is all about how people perceive or accept an innovation 
(Zorn and Scott, 2021). Based on our findings, we combine the two 
theoretical lenses of innovation diffusion theory (horizontal) and 
different social acceptance levels (vertical) in a conceptual model that 
we name “the Pentagon tower of social innovation diffusion” (see 
Fig. 5). 

The broader view of our conceptual model allows us to transform our 
summarized findings from Fig. 4 into practical recommendations, as 
shown in the detailed example to the right in Fig. 5. Based on the 
example characteristic of “relative advantage,” we outline how the 
identified drivers of, and barriers to, agrivoltaics can be translated into 
actual recommendations on how to strengthen adoption and social 
acceptance. We also show that avoiding the concept of agrivoltaics and 
how it is implemented weakens its adoption and social acceptance. As 
for this example of relative advantage, all the identified drivers and 
barriers can be transformed into practical recommendations on how to 
accelerate the development and implementation of agrivoltaics. 

Overall, our findings reveal that the usefulness and feasibility of an 
innovation in terms of its relative advantage, compatibility, complexity, 
trialability, and communicability in contributing to the green transition 
can be gauged according to the micro, meso, and macro levels of social 
acceptance. The visualization of the Pentagon tower emphasizes a 
broader view on the relevant drivers of, and barriers to, innovations like 
agrivoltaics that have the potential to be of great social relevance. Thus, 
our findings represent a source of addressable perceptions of the 
different characteristics of agrivoltaics from different stakeholder per
spectives. The identified drivers and barriers can support a better 
diffusion process, useful for researchers, early adopters, change agents, 
policy- or decision-makers, and renewable energy project managers. 
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5.2. Limitations and further research 

Reaching theoretical saturation with a sample size of 27 participants 
is in a well-accepted range in qualitative research (Baker and Edwards, 
2012). However, we are aware that such a sample size does not allow us 
representative conclusions on the perceptions of these stakeholder 
groups. This is an inevitable limitation of qualitative interviews based on 
purposive sampling (Ingram et al., 2022). We identified participants 
from the farming, research, and general stakeholder area as relevant 
areas for the topic of interest, namely agrivoltaics. However, we could 
not ensure inclusiveness and equity in terms of age, gender, or ethnicity 
because the characteristics of the stakeholders were often unknown 
during the sampling process or were of secondary importance (although 
we actively tried to recruit at least a few female voices in each stake
holder group, we eventually succeeded in enlisting seven females as 
participants). Also, snowballing from a research network can cause a 
limitation by favoring pre-existing links to a small, growing, and 
increasingly connected community of those involved in agrivoltaics. We 
aimed to balance this by cold-calling participants we had not previously 
known or heard of. However, we had more success recruiting in the 
country in which our research institution is located compared to the 
other countries where we sampled (12 participants from Denmark, nine 
from Germany, and eight from Belgium). We aimed to balance that by 
recruiting at least eight participants in each country and by offering to 
interview potential participants in their native language. 

Participants in our study might also have faced a pro-innovation bias 

(Rogers, 2010) because in our fast-moving society, innovation is most 
often considered in a positive light. 

Because agrivoltaics are not yet widely known to the public and have 
not reached notable market penetration, participants’ evaluations might 
be biased because of the near and distant future concept, stemming from 
Construal level theory (Broman Toft and Thøgersen, 2015; Hubbard 
et al., 2021). The concept proposes that stakeholders assess an innova
tion depending on how distant in time they perceive the actual adoption 
decision to be. In our case, evaluating the characteristics of innovation at 
an early stage of development and, therefore, distant in time from an 
actual adoption decision could mean participants’ focus was primarily 
on their desires. People’s focus might increasingly consider feasibility at 
a later stage of the diffusion process, when the real adoption decision is 
closer. We suggest addressing this potential bias in future research, 
investigating the perception and diffusion of agrivoltaics at a later stage 
of development and market penetration. 

Another recommendation is that future research should investigate 
how agrivoltaics are perceived relative to other traditional or renewable 
alternatives, especially how different stakeholders react when accep
tance or decisions require a more realistic choice among choice options 
and their specific consequences. Although research to date seems to be 
based on an overall positive evaluation of agrivoltaics (Ketzer et al., 
2020b; Pascaris et al., 2021; Weselek et al., 2019). It does not examine 
whether a relative assessment of the innovation costs and benefits 
compared with alternatives might lead to different outcomes for each 
specific decision-making context. Therefore, the discussion of 

Fig. 5. The pentagon tower of social innovation diffusion.  
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acceptance needs to be separated into a general acceptance of agri
voltaics by stakeholders based on proof-of-concept scenarios and a 
specific acceptance of agrivoltaics as a local decision, in a local context, 
and in comparison with other possible and available solutions (Sütterlin 
and Siegrist, 2017). This context-specific view can potentially be sup
ported by a “decision support tool” as recommended by Ketzer et al. 
(2020a) and Weselek et al. (2019). 

With our illustrative conceptual model, “The Pentagon Tower of 
Social Innovation Diffusion,” (see Fig. 5), we aim to highlight how the 
two theoretical lenses from innovation diffusion theory and social 
acceptance levels widen the perspective to a more holistic view on how 
innovations are perceived by various stakeholder groups. We con
structed the model based on our qualitative research findings, but we 
believe the model’s potential should be further examined using quan
titative research approaches. For example, one could think about col
lecting survey data on the different dimensions and quantifying each 
component’s magnitude for each stakeholder level. 

Based on our mainly European research focus on crop production 
versus a greater focus on US research on livestock production, we further 
support Pascaris et al.’s (2021) recommendation to specifically explore 
the social acceptance of both types in different geographical locations. 
We find this important for fostering a broader discussion on the two 
approaches as well as to better understand the differences, benefits, and 
disadvantages of each. 

6. Conclusion 

Based on our study, we can give an insight into what drivers and 
barriers influence farmers’ intention to adopt agrivoltaics or influence 
stakeholders’ perception and evaluation of agrivoltaics. We can there
fore contribute to a better understanding of what perceptions play an 
essential role when policymakers want to decide on how to boost agri
voltaics as a potentially valuable innovation, when researchers want to 
know what to focus on when designing pilot studies, or when product or 
project developers want to decide on what to include in stakeholder- 
friendly business cases. 

A barrier to adopting innovation is that some stakeholders regard 
change as a threat (Zorn and Scott, 2021). However, resistance to change 
can also be acknowledged as a source of energy: It represents important 
feedback that can potentially redirect the specific path of change 
(Weick, 2012). Acknowledging that agrivoltaics are currently associated 
with high complexity and uncertainty is not a negative perception per 
se. It still involves the assumption that it has the potential to overcome 
land-use conflicts as a worldwide approach in grand style. 

We conclude that our conceptual model can contribute to a more 
holistic understanding of stakeholders’ different perceptions of socie
tally relevant innovation in general. Second, we hope to have contrib
uted to research on the perception of agrivoltaics. Third, we propose that 
the diffusion process has a better chance of gaining local trust and social 
acceptance by offering a more holistic perspective on decisions, e.g., 
preferring smaller, rather than larger, applications (Cousse, 2021), by 
not focusing solely on the financial benefits, e.g., by insisting that farms 
become carbon-neutral entities, or by involving crucial stakeholders, 
such as local communities, in decision and planning processes as well as 
operators in cooperative initiatives (Coletta et al., 2021). 
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Appendix A. Informed consent form 

INFORMED CONSENT FORM – HyPErFarm research project 

My name is [name of the researcher], I am [role of the researcher and 
department of the university]. I am part of the research team behind the 
EU Horizon 2020 Innovation Action project “HyPErFarm – Hydrogen 
and photovoltaic electrification on farms.” We explore agrivoltaics sys
tems as a future way of farming that can allow for dual land use to 
produce crops and power on the same land at the same time. 

HyPErFarm is a collaboration with 14 partners in four countries. In 
[country], the project is represented by an interdisciplinary project at 
[university]. You can find more information about the project here 
[project website of the department]. 

At the [department of the university], we want to learn about the 
perception and acceptance of agrivoltaics systems from a farmer and a 
citizen-consumer perspective. The results of this project can present 
ideas and recommendations to policymakers and companies on how to 
motivate and promote the uptake of agrivoltaics systems among farmers 
and how to communicate and raise awareness on agrivoltaics systems 
among citizens and consumers. 

You are invited to participate in this research because your assess
ment can contribute to our understanding and knowledge about which 
opportunities and challenges agrivoltaics systems can face for market 
entrance. 

This research will involve your participation in a 1-h online inter
view. Using an online communication tool such as Zoom, Teams, or 
Skype, the interview can take place wherever you wish. The conversa
tion will be recorded to facilitate the transcription process. Any infor
mation provided and/or identifying records will remain confidential. 
Data collection and processing will comply with the EU General Data 
Protection (GDPR) Regulation 2016/679. We will use your non- 
sensitive, anonymous data only for scientific, non-commercial pur
poses. It will be used for potential publication in scientific journals or 
presentations, unless otherwise agreed. You can also contact our Data 
Protection Officer (DPO) and data controller, [name and contact de
tails], for more information. 

You will not be provided with an incentive to take part in the 
research. However, your participation will help us find out more about 
the perception and acceptance of agrivoltaics systems and add to the 
knowledge about the topic. We will be happy to share the results of the 
study with you. 

Please ask any questions you want regarding the research project, 
and I will take the time to explain. If you have questions later, please feel 
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free to ask them. Your participation is voluntary, and you may withdraw 
your consent to the processing of your answers. If you have any ques
tions or concerns about this study or if any problems arise, please con
tact me by e-mail: [name and email of the researcher]. Even if you agree 
to participate, you may change your mind later and stop participating. 

I have been invited to participate in research on the perception and 
acceptance of agrivoltaics systems. I have read the information, or it has 
been read to me. I have had the opportunity to ask questions about it. I 
consent voluntarily to be a participant in this study. 

Date and signature of participant. 

Appendix B. Interview Guide (Slightly Shortened) 

Introduction 

The whole interview guide is not followed strictly. It is a tool and will 
be used depending on the flow of the actual interview. The questions 
have been translated into the interviewees’ preferred language and 
adjusted to their role. 

Information given to the interviewees at the beginning 

Thank you very much for agreeing to participate in this study. As you 
already know, the aim of this study is to learn more about the perception 
and acceptance of agrivoltaics systems from the perspectives of farmers 
and consumers. In particular, I want to explore opportunities and 
challenges that arise in implementing agrivoltaics systems. 

The interview will take approximately 1 h. I will start by asking you 
some background questions regarding your job and workplace. There
after, I will ask you more specific questions regarding agrivoltaics sys
tems from different perspectives. As always, there are no “right” or 
“wrong” answers. I am interested in understanding different views, 
opinions, and experiences. All this is important to me, and therefore I 
would kindly ask you not to hold back. The interviews are, of course, 
anonymous, and used only for scientific purposes. And you can stop the 
interview at any time. Thanks a lot for giving your consent. Do you have 
any questions? 

If it is ok with you, I will start recording the interview now. It will be 
video recorded, but we will only use the voice recording for transcrip
tion purposes. 

Interview guide (questions have been adapted to the interviewees’ 
background) 

Background information/warm-up.  

• How would you describe your job and the role of your institution?   

• Are you in contact with renewables/agrivoltaics, and how did this 
come about?   

• What is or could be your company’s interest in renewables/ 
agrivoltaics?   

• Introduction to agrivoltaics systems or the project, if needed 

Individual perception/evaluation of agrivoltaics systems.  

• How do you evaluate the importance/usefulness of agrivoltaics for 
the future/globally/[in your country]?   

• What similarities/differences do you see in comparison with more 
traditional photovoltaic systems?   

• In your opinion what are the benefits/disadvantages of agrivoltaics? 

Perception/evaluation from farmers’ perspective on agrivoltaics. 

• In [country], do you know of farmers who already work with agri
voltaics? How many?  

• What role do you think farmers can play regarding the imple
mentation of agrivoltaics?   

• What do you think will hinder farmers from installing agrivoltaics 
systems on their farmland?   

• What do you think is needed so that farmers will install agrivoltaics 
systems on their farmland?   

• How do you think the role of farmers will change when they install 
agrivoltaics systems on their farmland?  

• How do you think farmers’ environment will change? What sur
roundings do you see? 

General/societal evaluation of agrivoltaics as a tool to reach the green 
transition.  

• What does an agrivoltaics systems success story look like to you?   

• What are essential conditions/milestones/players of a success story?  

• What do you perceive as the main obstacles to the success of agri
voltaics? Tell us a worst-case scenario.   

• Who is against agrivoltaics systems? Why and what arguments would 
they have? 

Citizens’ perceptions of agrivoltaics. 

• How do you think citizens will perceive/react to agrivoltaics sys
tems? (Reading about them in the news or seeing them on the fields.)   

• How do you think citizens can be prevented from having similar 
concerns/fears, as happened with wind farms in some places?   

• What do you think could help citizens build up positive perception of 
agrivoltaics systems? 

Consumers view/perception of agrivoltaics.  

• How do you think agrivoltaics systems will affect product quality on 
dual-use land?   

• Would you see any benefit in communicating the specific production 
conditions of agrivoltaics systems to consumers?   

• How do you perceive the term agrivoltaics? What other terms have 
you heard of? What would you call this new type of dual use of 
agricultural land for energy and crop harvests? 

Information given to the interviewees at the end 

Is there anything you would like to add, comment on, or ask? 
You are welcome to write just a short e-mail or give me a call later if 

something comes to mind that you want to add. 
Thank you very much for your time and effort. Thanks for 

participating. 
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Agrophotovoltaic Systems: Applications, Challenges, and Opportunities. A Review, 
vol. 39. Agronomy for Sustainable Development, p. 35. 

Wüstenhagen, R., Wolsink, M., Bürer, M.J., 2007. Social acceptance of renewable energy 
innovation: an introduction to the concept. Energy Pol. 35, 2683–2691. 

Xuan, B.B., Sandorf, E.D., Ngoc, Q.T.K., 2021. Stakeholder perceptions towards 
sustainable shrimp aquaculture in Vietnam. J. Environ. Manag. 290, 112585. 

Yoder, L., Ward, A.S., Dalrymple, K., Spak, S., Lave, R., 2019. An analysis of conservation 
practice adoption studies in agricultural human-natural systems. J. Environ. Manag. 
236, 490–498. 

Zorn, T.E., Scott, J., 2021. Must we change? The dark side of change and change 
resistance. In: Poole, M.S., Van de Ven, A. (Eds.), The Oxford Handbook of 
Organizational Change and Innovation. Oxford University Press, Oxford.  

Willockx, B., Uytterhaegen, B., Ronsijn, B., Herteleer, B., Cappelle, J., 2020. 
A Standardized Classification and Performance Indicators of Agrivoltaic Systems. In: 
Proceedings of the 37th European Photovoltaic Solar Energy Conference and 
Exhibition, pp. 1995–1998. Lisbon, Portugal.  

G. Torma and J. Aschemann-Witzel                                                                                                                                                                                                        

https://eprints.ncrm.ac.uk/id/eprint/2273
https://eprints.ncrm.ac.uk/id/eprint/2273
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref1
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref1
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref1
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref2
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref2
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref2
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref3
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref3
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref4
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref5
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref5
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref6
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref6
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref7
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref7
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref7
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref8
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref8
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref8
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref9
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref9
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref9
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref9
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref10
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref10
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref11
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref11
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref11
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref12
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref12
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref13
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref13
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref13
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref14
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref14
https://www.pv-magazine.com/2022/02/21/agrivolaics-to-shine-in-france-after-presidential-recognition/?utm_source=dlvr.it&amp;utm_medium=linkedin
https://www.pv-magazine.com/2022/02/21/agrivolaics-to-shine-in-france-after-presidential-recognition/?utm_source=dlvr.it&amp;utm_medium=linkedin
https://www.pv-magazine.com/2022/02/21/agrivolaics-to-shine-in-france-after-presidential-recognition/?utm_source=dlvr.it&amp;utm_medium=linkedin
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref16
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref16
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref17
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref17
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref18
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref18
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref19
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref19
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref19
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref20
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref20
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref21
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref21
http://refhub.elsevier.com/S0743-0167(23)00014-1/optTmT38vdVli
http://refhub.elsevier.com/S0743-0167(23)00014-1/optTmT38vdVli
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref22
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref22
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref22
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref22
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref23
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref23
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref23
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref24
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref24
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref24
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref25
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref25
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref26
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref26
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref27
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref27
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref27
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref28
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref29
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref29
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref30
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref30
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref30
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref31
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref31
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref31
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref32
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref32
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref32
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref32
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref33
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref33
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref33
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref34
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref34
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref34
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref35
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref35
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref36
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref36
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref36
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref37
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref38
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref38
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref39
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref39
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref39
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref40
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref40
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref41
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref41
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref42
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref42
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref42
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref43
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref43
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref44
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref44
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref44
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref45
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref45
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref45
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref46
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref46
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref46
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref47
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref47
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref47
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref48
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref48
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref49
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref49
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref51
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref51
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref51
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref52
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref52
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref53
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref53
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref54
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref54
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref55
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref55
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref55
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref57
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref57
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref58
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref58
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref59
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref59
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref59
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref60
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref60
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref60
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref56
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref56
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref56
http://refhub.elsevier.com/S0743-0167(23)00014-1/sref56

	Social acceptance of dual land use approaches: Stakeholders’ perceptions of the drivers and barriers confronting agrivoltai ...
	1 Introduction
	2 Theoretical background and literature review
	2.1 Theory of innovation diffusion from an individual perspective
	2.2 The social acceptance literature from a social perspective
	2.3 State of the art on social acceptance of renewable energy innovations

	3 Methods
	3.1 Thematic analysis
	3.2 Sampling and data collection
	3.3 Data analysis

	4 Findings
	4.1 Relative advantage
	4.1.1 Better versus worse than other renewables
	4.1.2 Flexibility to optimize VERSUS limited usability
	4.1.3 Less versus more land-use conflict

	4.2 Compatibility
	4.2.1 Compatibility versus incompatibility with existing infrastructure
	4.2.2 Compatibility with crop types versus forced compatibility to ensure crop production
	4.2.3 Lower versus higher entry barriers

	4.3 Complexity
	4.3.1 Straightforward combination versus theoretical simplicity
	4.3.2 --- versus unclear political will and bureaucratic challenges
	4.3.3 Diversification versus no core expertise among farmers

	4.4 Trialability
	4.4.1 Promising versus lacking proof of concepts
	4.4.2 Promising versus convincing business cases

	4.5 Communicability
	4.5.1 --- versus need for knowledge dissemination and public relations
	4.5.2 Chances versus the risks of promoting activities

	4.6 Social acceptance
	4.6.1 Micro level: supporting “green” intentions versus increasing inequality
	4.6.2 Meso level: participative versus non-participative
	4.6.3 Macro level: big versus small players

	4.7 General observations of participants’ perceptions

	5 Discussion and conclusion
	5.1 Practical recommendations
	5.2 Limitations and further research

	6 Conclusion
	Author statement
	Declaration of competing interest
	Data availability
	Acknowledgments (added here to secure anonymity of the authors)
	Appendix A Informed consent form
	INFORMED CONSENT FORM – HyPErFarm research project

	Appendix B Interview Guide (Slightly Shortened)
	Introduction
	Information given to the interviewees at the beginning
	Interview guide (questions have been adapted to the interviewees’ background)
	Background information/warm-up
	Individual perception/evaluation of agrivoltaics systems
	Perception/evaluation from farmers’ perspective on agrivoltaics
	General/societal evaluation of agrivoltaics as a tool to reach the green transition
	Citizens’ perceptions of agrivoltaics
	Consumers view/perception of agrivoltaics


	Information given to the interviewees at the end

	References


