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Abstract 
 

Land scarcity is an increasing problem in the Netherlands and in order to minimize the 

impact of using cropland for generating solar power, the multifunctional concept of the 

agro-photovoltaics (APV) system was introduced. This thesis aims to retrieve insights 

and opinions of farmers and society on costs, risks and benefits of APV systems by 

conducting interviews and estimating the financial revenues. The research shows that 

insights on the importance of landscape integrations, efficiency, biodiversity and 

geographical locations should be taken into account when implementing APV systems. 

In addition, social acceptance of APV is expected to be higher when involving all 

stakeholders, therefore, process and financial participation is key in this business 

model. The estimated revenue stream shows that the APV system can be financially 

beneficial for both farmer and project initiator. The results indicate that APV can be a 

potential part of the solution towards a renewable future energy landscape and a 

solution to the trilemma of food, energy and environment.  
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Executive Summary  
 
The surface of the Netherlands consists of two-thirds of agricultural land, these are big 

plots of land which would be of great use for the development of large-scale solar 

farms, which are necessary to achieve the Dutch contribution to the Paris Climate 

Agreement. However, land scarcity is an increasing problem and using agricultural 

land for solar power generation can result in an economic and social conflict between 

solar power generation and cropland. In order to minimize the impact of using cropland 

for generating solar power, the concept of the agro-photovoltaics (APV) system was 

introduced. The APV system is a multifunctional system that enables dual land use, by 

both generating photovoltaic energy and providing the opportunity to harvest crops or 

to maintain livestock. In current literature regarding APV, farmers are hardly named or 

researched while they are the key stakeholders of the systems. This thesis focuses on 

the perspectives of farmers as well as on project initiator and society with regard to the 

APV concept.  

 

Therefore, this thesis is an investigation about the feasibility and desirability of 

implementing agro-photovoltaics from the perspectives of the three main stakeholders 

in the Netherlands. It answers the following research question: “What business model 
is promising for implementing agro-photovoltaics systems for farmers, project initiator 
and society in the Netherlands, taking into account the costs, risks and benefits of the 
systems?” 
 
In order to answer the research question, a theoretical framework was developed. The 

framework consists of a business model with four aspects: value proposition, value 

creation & delivery, value capture and multi stakeholder management. The business 

model also consists of two contextual features: social acceptance and legislation & 

regulation. Collecting information from the key stakeholders based on the framework 

provides insight into the attractiveness and feasibility of the APV system that can result 

in a promising business model for them. Mixed research methods were used for the 

data collection: qualitative data were gathered in interviews with societal 

representatives and farmers, and quantitative methods were used for estimating the 

business case for the project initiator and different types of farmers by means of cost 

benefit analysis.  

 

The main findings from the research are as follows: The APV systems support climate 

goals, have potential to increase biodiversity, and contribute to multifunctional land 

use, but implementation of APV systems needs to be done with care. The law and 

legislation should be taken into account and therefore project developers should have 

close contact with the municipality. As well, landscape should be taken seriously into 

account in order to fit the systems as good as possible into the environment. In 

addition, the system should be tailor made taking into account the criteria of the farmer. 

A concern of farmers is if the work efficiency will remain the same as in the situation 

before APV implementation, however there are no definite answers to these 

uncertainties. Moreover, grid congestion is a concern of society and farmers because 

it can affect the possibility to feed the electricity from the APV system into the local grid 
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at all times, however unfortunately this is out of scope for the farmer or project initiator. 

A criterion for adoption which is mentioned very often is the revenue model for the 

farmers. For the collaboration between farmer and project initiator it is expected from 

the project initiator that they are transparent, trustworthy and remain loyal.  

 

Capture value is estimated by developing a cost benefit analysis (CBA) for the project 

initiator (Vattenfall in this case) and for the farmer. A base case for the CBA was 

defined, consisting of a parameter set of 13 meters spacing in between the solar 

panels, 50 hectares of total land surface and a land lease of €3000 per hectare. This 

case results in an IRR of 8.41% for Vattenfall and a financial benefit of 93% for the 

conventional farmer and 64% for the organic farmer. The energy yield for this set of 

parameters would be 40 MW, which is a good addition for Vattenfall given its ambition 

to become fossil free and for achieving the energy objectives of the Climate 

Agreement. Thus, the APV will create extra financial value for the farmer and project 

initiator. In addition to this base case, there are multiple CBA scenarios with different 

parameters that can be successful and provide benefits for project initiator and farmer. 

Therefore, the different CBA scenarios can provide room for negotiation for higher land 

leases or different spacing in between the rows of solar panels depending what criteria 

the farmers have. The room for negotiation can make it easier to find a win-win situation 

for both parties. 

 

Although the financial benefit is expected to be higher for conventional farmers, organic 

farmers are more likely to implement such a system due to the fact that they find 

biodiversity overall more important. In addition, conventional farmers see loss of 

efficiency as a bottleneck regarding implementing the APV system. Therefore, when 

targeting farmers, the project initiator is recommended to target organic farmers. 

Moreover, farmers who are interested in strip farming are potential partners, due to the 

fact that when farmers want to make the change from conventional (or organic) farming 

to strip farming, APV could financially support the switch.  

 

The research results indicate that APV can be a potential part of the solution towards 

a renewable future energy landscape. The APV can be a solution to the trilemma of 

food, energy and environment which creates societal value. In order to create more 

value for the society it should be possible for local residents to participate financially 

and in the process. New projects such as APV would contribute to the Paris Climate 

Agreement and Vattenfall’s overall ambition in becoming a fossil free energy supplier 

within one generation by generating more green energy. In addition, this research 

clearly indicates the advantages of the APV system, but it also raised many questions 

about the effect on the soil, the crops and legal and permit aspects. Therefore, a pilot 

is necessary to demonstrate the favorable results and provide assurance for farmers 

and society when they are interested in implementing APV systems. Moreover, this 

study is a first exploration and therefore has generalized results and is missing precise 

recommendations. To indicate which locations or kinds of farmers are best suitable in 

combination with the APV system, quantitative study in specific geographical locations 

should be conducted.  
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Beleid) 

CAPEX Capital Expenditures 

CBA  Cost Benefit Analysis 

CBS  Central Bureau for Statistics (Centraal Bureau voor Statistiek) 

FAO  Food and Agriculture Organisation of the United Unions 
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1. Introduction 
 

1.1 Problem Statement  
 

In order to combat climate change Dutch companies, civil society organizations and 

governmental organizations signed the Klimaatakkoord in 2019 (The Climate 

Agreement). The Klimaatakkoord is an agreement between those parties to reduce 

greenhouse gas emissions to 49% in 2030 compared to 1990. To achieve this goal, 

multiple sector-specific objectives have been set. In the energy sector the objective is 

to meet 70% of energy supply with renewable energy production in 2030 

(Klimaatakkoord, 2019). However, in 2019, the renewable energy production of the 

Netherlands only amounted to a little less than 18% of the total energy production 

(CBS, PBL, RIVM & WUR, 2020). This indicates that there is an enormous challenge 

for the Netherlands to achieve this goal in the given time span. For that reason, the 

Netherlands has to keep investing in renewable energy sources (Klimaatakkoord, 

2019). An energy mix of different kinds of renewable energy sources is necessary to 

achieve a stable energy future, for example a mix of wind, solar and bio-energy 

(Perez & Perez, 2009). Solar energy should be a part of the energy mix, due to the 

fact that solar energy has the biggest potential regarding generating renewable 

energy (Perez & Perez, 2009; Castillo, 2016). Thus, solar energy can have a 

significant impact on achieving the renewable energy goal of 2030 of the 

Netherlands. The most energy- and cost-efficient way of generating solar energy is 

developing solar farms. In addition, developing solar on roofs only will not be enough 

to meet the energy goals (Holland Solar, 2018). Thus, the development of large-scale 

solar farms will be necessary to achieve this energy challenge. The surface of the 

Netherlands consists of two-thirds of agricultural land (Rijksoverheid, 2020), these 

are big plots of land which would be of great use for the development of large-scale 

solar farms. However, recent studies have concluded that cropland is becoming 

scarce (IPCC, 2019). In the Netherlands, land scarcity is an increasing problem as 

well, the acreages of agricultural land have been decreasing since 2000 and land 

prices are increasing more than inflation (Luijt & Voskuilen, 2013; CBS, 2020a). 

Using agricultural land for solar power generation, can result in an economic and 

social conflict between solar power generation and cropland (Dinesh & Pearce, 2016; 

Weselek et al., 2019; Schindele, Trommsdorff & Schlaak, 2020). In order to minimize 

the impact of using cropland for generating solar power, the concept of the agro-

photovoltaics (APV) system was introduced by Goetzberger and Zastrow (1982). 

APV systems facilitate dual land use, by both generating photovoltaic energy and 

providing the opportunity to harvest land crops or to maintain livestock. The APV 

systems are implemented in a similar way as solar farms. However, the APV systems 

are used with different combinations of farming activities, for example in combination 

with crops or livestock. The space between the photovoltaics (PV) panels and height 

of the systems can vary in different combinations according to requirements and 

priorities. This results in the generation of electricity while still leaving enough space 

to perform usual farming operations as much as possible.  
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For this thesis, research has been conducted on the outlook for APV systems in the 

Netherlands, in which Vattenfall serves as the project initiator. Vattenfall is an energy 

corporation that generates and sells electricity in the Netherlands. Vattenfall has set 

the goal to enable fossil-free living within one generation, and in order to meet this 

goal, the company invests in large scale solar farms. In order to develop large scale 

solar farms, huge plots of land are needed. However, to prevent conflict between 

solar power generation and cropland, Vattenfall is investigating the APV concept for 

future applications in the Netherlands.  

 

This thesis focuses on the Netherlands, due to the fact that the Netherlands is 

perceived to have substantial potential to implement APV systems. First of all, the 

Netherlands consists of two-thirds of agricultural land, however, every year 

agricultural land is lost (Rijksoverheid, 2020; CBS, 2020a). Weselek et al. (2019) 

stated in their study that the APV concept is of specific interest in countries with a 

high population density, and where the development of renewable energy is of 

increasing importance, but where the agricultural land needs to be maintained. The 

Netherlands is a highly densely populated country, with about ten times more people 

per square kilometer (p/km2) compared to the world average (511,476 to 59,618 

p/km2, The World Bank, 2018). Considering the population density, the challenge 

ahead concerning renewable energy generation and the large amounts of agricultural 

soil required for this, the Netherlands can be seen as a high potential case for the 

successful adoption of the APV concept. Although this thesis focuses on the 

Netherlands, this thesis can yield insightful findings for other countries as well.  
 

Regarding the APV system characteristics, Vattenfall has developed a mounted 

system 2.3 meters high with a single-axis solar tracker, which can rotate (+/-) 60 

degrees, including a bifacial solar panel. The advantage of this system is that the 

energy yield is increased, installation costs are reduced, and it is expected that 

farmers can still practice their daily farming tasks. Thus, an APV system can increase 

land productivity, enable the generation of renewable energy and enhance economic 

value for farmers (Weselek et al., 2019). 

 

Although the technological system is well defined, the specific criteria and the 

interests of the farmers who would be willing to implement such a new system and 

reasons they could have for not wishing to implement such a system are still 

unknown. Part of the challenge is to identify an attractive business model for farmers 

and project initiator. This depends, among other things, on gains from energy yield 

and loss of crop yield. Energy yield depends on how many solar panels are being 

placed on land and energy prices, but other variables also come into play about 

which there is a big range of uncertainty. In particular, it is expected that the solar 

panels will reduce solar radiation on the land by some degree which can influence 

the crop yield in a negative manner, for example by as much as one-third 

(Fraunhofer, 2017). However, the specific outcomes will depend on the APV system 

design, as the shade from the PV panels will depend on the configuration of the 
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system that is installed, while sensitivity to shade also varies across crops. These 

two dependencies, energy and crop yield, should thus be investigated in more depth 

in order to design APV systems in such a way that good results are created for the 

farmer and project initiator. Other aspects influencing the business case could be 

financing options, ownership conditions, ways of sharing the revenues between the 

involved parties, and so on. These aspects are all part of a business model that still 

needs to be worked out. Besides these considerations that bear on the financials, the 

question arises what the social interest in, or resistance to APV will be. It is important 

that this concept will have support from and acceptance by society, otherwise the 

introduction of APV could have counterproductive effects in relation to the main goal 

of transitioning to renewable energy (Wüstenhagen et al., 2007).  

 

This thesis investigates the APV adoption criteria and interests of the farmers; the 

likely financial value for the farmers; the compatibility of APV adoption conditions 

posed by farmers with the interests and conditions posed by the project initiator, in 

this case Vattenfall; and the broader social and environmental pros, cons, and risks 

of APV systems. Vattenfall has taken an interest in cooperating with Dutch farmers to 

implement successful APV projects, and therefore this research is currently relevant. 

 

Theoretically APV systems are predicted to be the core of a good business model for 

all parties. However, the details of an attractive business model for farmers and 

Vattenfall that will also be acceptable to the key contextual stakeholders are still 

unclear. Therefore, the main research question is as follows: “What business model 
is promising for implementing agro-photovoltaics systems for farmers, project initiator 
and society in the Netherlands, taking into account the costs, risks and benefits of the 
systems?” 
 

To answer the main research question, the following sub-questions are formulated: 
1. How can agro-photovoltaics support the need for increasing land areas for 

large scale photovoltaic systems while avoiding conflict between energy and 

food supply, and what are the benefits, bottlenecks, and risks of implementing 

APV? 

2. What legislation and regulations should be taken into account and what 

boundaries do these provide for implementing APV in the Netherlands? 

3. What are the main interests of, and criteria for Dutch farmers and society 

regarding APV adoption in the Netherlands? 

4. What kind of collaborations and organizational and contractual arrangements 

are suitable for project initiators and Dutch farmers? 

 

Sub-question one is an overarching question that answers why APV would be a good 

concept for the energy transition problem signalled above. Sub-question two sets the 

boundaries of the BM regarding the legislation in the Netherlands concerning 

implementation of APV on land in rural areas. Sub-question three aims to cover the 

farmer and society as stakeholders. These consist of a grouping of variegated 
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stakeholders each with their own concerns and interests that must be identified. Sub-

question four is necessary to gain knowledge on what collaboration and 

organizational arrangements can be used as input for the business model. The 

answers to these four questions will provide input for the researched business model 

for APV. Eventually, a promising BM which is suitable for farmers and project 

initiator, and accepted by society, will increase the innovation adoption of the system. 

Besides the identification of a suitable business model, recommendations will be 

given concerning strategies to overcome barriers and constraints to successful 

implementation. These recommendations aim to support the implementation of APV 

in the Netherlands.  
 

1.2 Outline of the Thesis 
 

This thesis is structured as follows: in chapter two the literature review is elaborated, 

this chapter will result in delineating the research gap that sets the agenda for and 

scope of this thesis. The gap will be the input for chapter three, the theoretical 

framework. In this chapter, the framework to find a promising business model for 

project initiator and farmer will be discussed, and the chapter will elaborate on 

relevant concepts for this thesis. Chapter four contains the methods used in this 

research and how to answer each of the research sub-questions. Every sub-question 

is answered by means of a different methodology which will be explained. For 

example, quantitative primary data are gathered in order to investigate the financial 

outlook of the BM, while literature study and qualitative primary data collection are 

applied for investigating the farmers’ and project initiator’s preferences and priorities. 

Thereafter, chapter five will contain the presentation of the obtained results of this 

research and go in depth into the four research sub-questions. The following chapter, 

chapter six, presents the conclusions and will provide an answer to the main 

research question; what business model is the most promising regarding 

implementing APV for the three main stakeholders in the Netherlands. Finally, in 

chapter seven, a discussion is provided which contains the limitations and 

implications of this study. In addition, recommendations for future research regarding 

APV are given.   
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2. Literature Review on Agro-photovoltaics 
 

This chapter will provide the background and justification for the research in this 

thesis. A recapitulation will be given of what has already been researched on topics 

that are relevant for research on APV, such as why APV would be a useful concept, 

the different kinds of APV systems and the effects on the crops and environment. 

These topics and associated key concepts are important to provide understanding of 

the subject matter in this thesis. The last part of the chapter concludes with the 

research gap resulting from the review of the literature that will be addressed in this 

thesis.  

 

The background information on agro-photovoltaics was compiled by conducting a 

literature study according to the method of Randolph (2009), which is elaborated in 

more depth in section 4.2.1 “Literature Study”. There is quite a lot of existing 

literature focused on the combination of solar panels on greenhouses, however, 

since this research focused on open fields, these studies were completely left out for 

lack of relevance. Besides, there are quite some studies that focus especially on 

open fields (Marrou, Guilioni, Dufour, Dupraz & Wery, 2013; Dupraz, 2011; 

Fraunhofer ISE, 2017; Majumdar & Pasqualetti, 2018; Obergfell, 2017; Weselek et 

al., 2019). While these studies mainly focus on shade resilience and crops, which are 

not the main focus of this thesis, these studies explain the APV concept well and 

indicate the benefits and bottlenecks of APV systems. This resulted in a literature 

review of the agro photovoltaics systems on open fields and could partly answer the 

first question posed in this thesis; “How can agro-photovoltaics support the need for 
increasing land areas for large scale photovoltaic systems while avoiding conflict 
between energy and food supply, and what are the benefits, bottlenecks, and risks of 
implementing APV?” 
 

2.1 Land Scarcity & Trilemma: Food, Energy and Environment 
 

World-wide, more recent attention has been focused in the literature on increasing 

land scarcity. Within the context of this research land scarcity is mainly connoted as 

scarcity of agricultural land which can result in scarcity of food crops (IPCC, 2019). In 

addition, this is fueled by the 1.05% annual increase in world population 

(Worldometers, 2020). Increasing land scarcity can result in economic and social 

conflict. As a consequence, countries like Germany, Italy and the Netherlands have 

implemented restrictions or negative recommendations on developing solar farms on 

agricultural land (Weselek, 2019; Natuur en Milieu Federatie; 2018). In the 

Netherlands, the Natuur en Milieu Federatie (Dutch federation of Nature and 

Environment) made a list called “zonneladder” (ladder of sun), which states what 

kinds of solar developments are recommended, ranging from acceptable to less 

acceptable, with solar farms on agricultural land as the least desirable. Therefore, 

many municipalities in the Netherlands do not approve solar farms on agricultural 
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land. In addition, in the Netherlands with its high population density and highly 

intensive, non-sustainable agriculture, land scarcity is a well-known problem due to 

the high pressure on the use of space. Land is needed for developing solar farms, 

extensification of agriculture and nature development (Klimaatakkoord, 2019). 

Therefore, the Klimaatakkoord (2019) calls for the provision of space-efficient 

solutions by combining space for dual functions, which can decrease the pressure on 

the use of land. The dual usage of agricultural land and energy production, like the 

APV system, can have a significant impact on PV yield and have minimal impact on 

crop prices (Dinesh & Pearce, 2016). In addition, the Food and Agriculture 

Organisation of the United Unions (FAO) uses dual function innovations such as APV 

systems to argue that the transition to energy-smart food practices is well on its way 

(FAO, 2013). However, the transition is slow and to have an impact on a larger scale, 

APV systems require significant scaling up. It is argued that this double land use 

results in increasing land efficiency and creates a good business case. Much of the 

literature on APV systems mentions in particular that the APV concept is not only 

efficient from the point of view of land use, but would be a solution to the increasing 

land scarcity (Dinesh & Pearce, 2016; Elborg, 2017; Weselek, Ehmann, Zikeli, 2019; 

Schindele, Trommsdorff & Schlaak, 2020). 

 

The land scarcity problem constitutes a dilemma between crop and energy 

production. However, some researchers speak of a trilemma: a competition of land 

for food, energy and environment (Valle et al., 2017; Ketzer et al., 2019). They state 

that the environmental loss is part of the problem, due to the fact that plots of land 

are used for cultivation or generating electricity. These are homogenous ways of land 

usage that do not foster nature or biodiversity, instead these plots of land could be 

used for nature parks that maintain the environment and its biodiversity.  

 

2.2 Agro-photovoltaics  
 

In this section the findings from the existing literature around APV are elaborated. An 

introduction is given, followed by a discussion of the different kinds of systems, 

shade resilient crops, the BSAT system and the additional revenue for farmers. 

Topics such as crops, shade resilience and relevant farmer groups are discussed in 

the following section 2.3 “Agriculture”.  

 

2.2.1 Introduction to Agro-photovoltaics 

In 1982 the original APV concept was developed by Goetzberger & Zastrow, 

however after this study the APV system did not become sought-after, nor was more 

research conducted for quite some time. In 2011, the APV system resurfaced due to 

the fact that APV was considered to be a solution for the rising land scarcity problem 

(Dupraz et al., 2011). From 2011 onwards, more research was conducted and 

literature published regarding APV systems, applications, challenges and 

opportunities (Weselek, 2019). A strong suspicion holds that due to the declining 

solar panel prices between 2005-2012 APV became a more sought-after concept 
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(Pillai, 2015). Pioneers of APV projects are found world-wide in the USA 

(Massachusetss), Chile, Egypt, Malaysia, Japan, China, France, Italy and Germany 

(Schindele, 2020). Some governments, like France, Japan and China already have 

carried out special policies for implementing APV projects. While other governments, 

like India and Germany are still discussing the implementation of APV projects. The 

Fraunhofer institute had a significant impact on the following literature studies, due to 

their successful APV pilot in Heggelbach, Germany. The results were promising as 

wheat cultivation under PV panels resulted in 80% of normal yield harvest in wheat 

and in 80% of normal energy yield from solar power per unit of surface area, leading 

to a land use efficiency of 160%. This is illustrated in Figure 2. In addition, Fraunhofer 

institute (2017) conducted research on external environmental effects. As an effect of 

the PV panels, which provide partial shading and less evaporation, a microclimate is 

created under the panels. This microclimate can be used as an advantage. For 

example, agricultural yield could be improved by means of light management with a 

selection of suitable crops. Moreover, the mounting system of the panels could be 

used as a protective structure, as substitutes for foils or nets, increasing resilience to 

drought, frost or hail. The Fraunhofer Institute continues to carry out multiple pilots in 

different regions, like Chile and India. In India it is expected to gain 40% higher yields 

with crops like cotton and tomatoes, due to the reduced evaporation and partial 

shading (Fraunhofer, 2020). 

 
Figure 1. Land use efficiency APV in combination with wheat harvest (Fraunhofer, 2017). 
 

2.2.2 Different Kinds of APV Systems 
In the last decade multiple different types of APV systems have been researched in 

which every system has its own advantages and disadvantages. The systems that 

mainly are discussed are stationary PV panels (PVP) systems at a certain height, full 

density PVP systems, half density PVP systems, vertical bifacial PV systems, single 

axis tracker systems and dual axis tracker systems. In table 1 the different kinds of 

APV systems are shown in an overview including the advantages and disadvantages 

described in the literature sources. As can be seen in the table, high energy yield 

comes at the expense of crop yield and vice versa. This is often the case due to the 

fact that more solar panels per unit of surface area abate irradiation of solar for the 

crops to grow whereas less solar panels provide more light for crops however 

consequently result in lower energy yield. Also, high mounted PV systems are often a 
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costly investment due to the expenses of the substructure. The vertical bifacial PV 

system is a good system from the point of view of avoiding grid congestion. The 

panels are vertically placed causing the energy peak in the morning and evening 

compared to the peak at midday of conventional PV panels. Although avoiding grid 

congestion, the total energy yield is lower than conventional PV panels while the 

expenses are higher than the costs of conventional panels. Another advantage of the 

vertically placed panels is that less acreage is covered with panels, thus more space 

can be utilized for cultivation. The axis tracking systems have more energy yield due 

to optimal irradiation of the sun, however these systems are often more expensive 

due to higher expenses of hard and software of the tracking systems.  

 

For the current research the BSAT system is used, which is not described in table 1, 

however there are good reasons why this system is chosen for investigation by 

Vattenfall, which are elaborated in the following section 2.2.3 “The BSAT System”. It 

is important to mention that every local site has different conditions and crops have 

different growing requirements. Therefore, to meet the needs of every local 

characteristic and fulfill a system’s full potential, Ketzer et al., (2020) stated that APV 

systems must be adjustable and modularized. Thus, APV systems should be flexible 

and controllable in regard to weather conditions. 

 

System Advantage Disadvantage Source 
High Mounted  
Stationary PV 
 

Space for operating 
agricultural machinery  

High mounting costs 
Average energy yield 

Fraunhofer, 2017 

Full Density PV 
 

High energy yield Low crop yield Dupraz et al., 
2011 

Half Density PV High crop yield 
(however does not 
outweigh the Full 
Density PV system) 

Low energy yield  Dupraz et al., 
2011 

Vertical Bifacial      

PV 
Avoid grid congestion 
More space for crops 
and operating 
agricultural machinery 

Higher energy yield in 
certain areas, 
however in total lower 
energy yield 
High investment 
costs 

Khan et al., 2017 

Single Axis Solar 

tracker 
High energy yield Low crop yield 

High investment 
Valle et al., 2017;  
Mehdi, 2019; 
Fuke et al., 2020 

Dual Axis Solar 

tracker 
Very high energy yield High investment Fuke et al., 2020 

Table 1. Different kinds of APV systems including advantages and disadvantages. 

2.2.3 Shade Resilient Crops 
Many studies regarding APV reviewed for this thesis, report on research about shade 

resilience. Shade resilience is the tolerance of shade for crops to grow. The APV 
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systems provide shade over the crops, while the shade is a prevailing effect on crops 

which influences the success of the harvest. In addition, the extent of shade differs 

per system, and therefore, shade resilience became an important subject in the APV 

literature (Beck et al, 2012, Aroca-Delgado et al., 2018; Marrou, et al., 2013; Elborg, 

2017; Ketzer, 2020). In addition to the research of Beck et al. (2012), Obergfell 

(2016) conducted an expansive research about suitable crop species in combination 

with an APV system. Their research divided crops and the impact of the APV system 

into three categories: positive, neutral and negative. The differences in impact are 

mainly due to the different shade resilience characteristics of the crops (Beck et al., 

2012). The fact that there are crops in the positive category indicates that there were 

crop species which improved crop yield, because of the shade that was provided by 

the APV system. However, there were also crop species that were not or negatively 

influenced by the system. In figure 2 the different species are shown by +, 0 or -, 

including some that lie “in between” these categories as well. It is important to 

mention that although the harvests of some of the crop species are negatively 

influenced, this does not mean the business case of the APV system which includes 

these crops are poor. The benefit of the electricity yield of the PV panels can 

outweigh a loss of crop yield. This implicitly raises the question of what is an 

acceptable trade off between crop yield and electricity revenue. This question can be 

answered by the farmers who are approached to provide and relinquish (a part of) 

their land for an APV system.  
 

 
Figure 3. Classification of Germany’s economically most relevant (food) plants. Suitable crop 

species with shade resilience for APV (Obergfell, 2016). 
 

2.2.4 The BSAT System 
The APV system that Vattenfall will be implementing is called the BSAT system 

(bifacial single axis tracker). The BSAT system has been specifically developed for 

Vattenfall, an illustration of the system can be seen in figure 2. Comparing the BSAT 

system with the “original” APV concept developed by Goetzberger & Zastrow (1982) 

(comparing figure 1 and figure 2), it shows that the BSAT system is a different kind of 
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system. The difference is mainly due to the fact that the crops are not placed directly 

under the panels but beside them. The surfaces under the panels are used as herb 

strips. However, due to the fact that the BSAT system is a form of double land use 

and combines PV with agriculture, it is an APV system. There is no existing literature 

concerning the BSAT system, due to the fact that this system is developed 

specifically for Vattenfall. Thus, there are still uncertainties whether the concept will 

be technically and agronomically successful. However, Vattenfall has reasons to 

believe that this system will work well combined with agricultural cultivation. The 

BSAT system can be a solution for the above-mentioned trilemma, due to the fact 

that this system combines strip cultivation for food production, PV panels for 

electricity production and herb strips under the PV panels for an increase in 

biodiversity.  

 

The PV systems that will be used for the BSAT system are single-axis solar trackers 

with bifacial solar panels, which can rotate 60 degrees each way (i.e., a total of 120 

degrees). The BSAT system, like its name says, tracks the sun on one axis, this 

system will be directed to the south and thus the axis will move from east to west. 

The bifacial panels are PV modules that absorb light on its front and rear surface, 

which increase solar irradiation and therefore its efficiency (Riley et al., 2017). The 

energy used for the BSAT panels to move position is negligible compared to the 

generated energy. The energy yield of the BSAT system is higher than conventional 

panels, due to the usage of bifacial panels (Riley, Hansen & Stein, 2017), and due to 

the fact that single axis trackers increase solar irradiation intensity by 20 to 30 

percent (Echendu & Amadi, 2018). The panel capacity is 450 Wp and the expected 

energy yield of the BSAT panels is 1225 kilowatt hour per kilowatt peak (kWh per 

kWp) per panel per year. The BSAT panels measure 4 meters (width) by 1 meter 

(length), the length of the panel array can be up to 120 meters. The system will be 

placed at a height of 2.3 meters, thus when the panels are rotated at their maximum 

the highest point of the system equals 4 meter and the lowest point equals 0.5 meter. 

The solar panels have a horizontal safety position (no rotation and parallel to the 

ground), for storms or heavy rainfall. In the horizontal safety position, the rain will fall 

next to the panels on the ground. Therefore, on each side of the panel extra space is 

left for water drainage. Due to the modified waterfall pattern and shade arising from 

the panels, a strip of 6 meters wide is not used for producing food crops. This space 

can be used for herb strips and improving the biodiversity of the land. The 

importance of biodiversity is elaborated further in section 2.2.5 “Biodiversity”. 

Besides, this setup creates extra space between the panel arrays for practicing 

standard cultivation methods, leaving enough margin for operating machinery for 

crop harvesting (see figure 1). In addition, this spacing results in very little or no 

shade on the crops themselves, which could not harness the crops. It is worthwhile to 

mention that this system is placed at 2.3 meters high, instead of the average 5 

meters high APV systems, reducing mounting costs, and they increase energy yield 

per unit of surface area. On the other hand, the bifacial panels require a high 

investment. At the time of writing this thesis, Vattenfall is conducting research on the 
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BSAT system and its results in practice by means of a field pilot that was started in 

the beginning of 2021.  

 

 
Figure 2. BSAT System Vattenfall in combination with strip cultivation.   
 

2.2.5 Biodiversity & Soil Quality 
A recent study of the WUR indicated that most of the solar parks in the Netherlands 

do not meet the requirements of biodiversity (Schotman et al., 2021). Biodiversity is  

important for the maintenance of a steady climate and for a fertile soil. However, if 

the right measures are taken into account biodiversity should not have to be 

threatened. The two most important measures against biodiversity loss are to keep 

the setup of the mounting oriented to the south instead of the west-east setup, due to 

solar irradiation, and keeping enough space between the rows of solar panels for 

different kinds of plants to grow. The reason there is increasing attention for 

biodiversity regarding installing solar parks is due to the fact that there is a need for 

guidelines for municipalities that can be used as a requirement for issuing permits for 

solar parks. These requirements will create an optimal balance between economic 

energy production on the one hand and biodiversity and landscape on the other 

(Schotman et al., 2021). Therefore, biodiversity requirements should be taken into 

account in the implementation of APV. 

 

In accordance with biodiversity there are concerns about soil quality. Characteristics 

of good soil quality are that the soil supplies and retains nutrients (including organic 

matter), has a good soil structure and provides habitat for pest control agents and 

pollinators. With these characteristics quality soil provides the opportunity to produce 

crops and other resources for nature (Klok et al., 2017). Van der Zee et al. (2019) 

conducted a study in which they predicted the effect of the solar parks on soils. Due 

to the installation of the panels the soil will be covered, the irradiation of light will be 

reduced and the precipitation will have an altered distribution. It is predicted that this 

will cause change in the local microclimate and the layers of organic material by 

plants. However, this study concluded that after three years there were no significant 

negative changes in the soil under the panels and beside the panels. Furthermore, 

there are still few insights into the consequences of solar parks on the soil in the long 

term. More research has to be conducted to provide requirements for the 
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preservation of soil quality in relation to the development of solar parks (Klok et al., 

2017; van der Zee et al., 2019). 

 

2.2.6 Additional Revenue for Farmers 
A clear finding from the literature review is that farmers have been neglected in the 

previous APV studies. APV literature sources that do mention farmers in their 

research only mainly discuss the additional revenue that they can gain from 

implementing APV and therefore raise income security (Brohm & Khanh, 2018; 

Weselek, 2019, Ketzer et al., 2020). Leasing their farmland decreases operational 

risk, for example, compensating for the financial loss due to crop loss owing to bad 

weather. Implementing APV will result in predictable income generation. For 

example, it is suggested that a fixed land lease will be paid by the APV project 

initiator irrespective of solar yield, which will thereby create an extra dependable 

revenue stream for farmers. In addition, Elborg (2017) stated that implementing an 

APV system creates additional income and employment opportunities. Some 

literature also mentions that farmers can partially use the generated electricity 

directly for their farm, including charging electrical vehicles or processing the 

harvested crops (Fraunhofer, 2017; Majumdar & Pasqualetti, 2018). APV systems 

could also offer a solution for a risk posed by mono-solar farming, which is that when 

the return from a mono-solar farm is significantly higher than the return from livestock 

or arable farming (Beck et al, 2012; Spruijt, 2015), developing a solar farm can 

become an attractive alternative business for those farmers who want to discontinue 

farming, leaving less agricultural land for the remaining farmers (Spruijt, 2015). APV 

avoids this conflict of decreasing farmland. However, it remains unclear what the 

farmers’ own criteria and interests are and with what kind of business model they 

would want to cooperate with an APV project initiator. Moreover, some literature 

states that more research needs to be conducted regarding multiple stakeholders, 

which is a necessary step to create more support and acceptance for the APV 

concept (Ketzer, et al., 2019).  

  
2.3 Literature Gap 

 

There are several gaps in the APV literature that can be highlighted. One notable gap 

concerns the use of financial profitability indicators. Many literature studies determine 

the Levelized Cost of Energy, LCOE1, (Obergfell, 2013; Brohm & Khanh, 2018; 

 
1 The Levelized Cost of Energy (LCOE) method estimates the price of the produced electricity per 
kWh over the lifetime of the energy plant, at which the plant just breaks even. The LCOE is 
calculated by adding all the discounted costs of the energy plant and dividing this by the sum of 
discounted delivered energy units. This method takes into account the OPEX and CAPEX costs 
of the energy plant and the cost of capital. Therefore, this method is a good way to compare 
different kinds of RE systems. The formula of the LCOE method is as follows: LCOE = PV 
(Present Value) of costs over lifetime / PV of Electrical Energy Produced (in MWh) (Trommsdorff, 
2016). Levelized Energy Costs, LEC, is the term internally used at Vattenfall, which indicates the 
same.  
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Trommsdorff, 2016; Schindele, 2020) or the Land Equivalent Ratio, LER2 (Beck et 

al., 2012; Dupraz et al., 2011; Valle et al., 2017) of a given APV system. These 

numbers – if based on reliable data – give an adequate indication whether the APV 

system can be financially profitable compared to other RE systems. Literature that 

includes these calculations are all positive about APV regarding their LCOE or LER. 

However, none of the literature sources discusses a business model regarding APV 

that could turn this projected positive business case into a reality. A business model 

includes a holistic approach of how APV systems can be introduced to the market 

and successfully implemented. In addition, researching such a business model is 

very useful in order to gain knowledge about the system from the perspective of all 

stakeholders. In particular, in previous literature there has been no qualitative 

analysis of the farmer’s perspective nor the societal perspective concerning the APV 

concept. A lot of information can be found about shade resilience, crops, evaporation 

underneath the panels, however the farmers seem to be neglected in these studies.  

There are a couple of literature sources which mention the farmer, however, these do 

not go in-depth with these farmers, except for stating that APV can increase their 

economic land value or generate an additional revenue stream (Brohm & Khanh, 

2018; Weselek, 2019, Ketzer et al., 2020) or use the generated electricity directly for 

their own farm (Fraunhofer, 2017; Majumdar & Pasqualetti, 2018). Yet, farmers are of 

critical importance when implementing APV systems, they are the key stakeholders 

to accept and implement a new concept on their land. Therefore, the support and 

social acceptance of the concept by these farmers are crucial. This raises the 

question how this support and social acceptance is created among farmers. In 

addition, it raises the question what the limitations on the trade-offs should be for the 

farmers for them to be willing to give-up a part of their land in order to implement an 

APV system. These questions are the basis for this research and are taken into 

account towards the conclusion of this thesis. In addition, insights about the 

perspectives from societal stakeholders are gathered to create a holistic view on the 

prospects and possible limitations to implementation of APV systems. To conclude, 

this thesis is focused on the farmers and the society and conducts research on what 

criteria, interests and concerns they have, and what kind of business model would be 

adequate for the farmers which the project initiator can also accept.  

 
2 The Land Equivalent Ratio (LER) method calculates the relative land area one needs for 
producing the same yield with two or more crops versus with one crop. The LER method was 
originally developed for quantifying yield of mixed agricultural crops. However, this method can  
be used for the combination with crops and RE systems as well, the literature uses this method 
for calculating the LER for crops and the APV systems. The formula of the LER method is as 
follows: LER = (yield of crops with APV/yield of crops without APV) + (yield of electricity with 
APV/yield of electricity without APV) (Dupraz et al., 2011). 
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3. Theoretical Framework 

 
In the discussion of the literature and the research gap in the previous chapter, one 

gap refers to the business model of APV, which needs to be investigated in order to 

answer the main research question. Another gap relates to the farmers’ interest in 

APV, and their APV adoption criteria that are missing in the research concerning 

APV. This chapter will explain how these gaps are going to be filled with the support 

of the business model perspective. For the business model perspective two 

contextual features are also important to take into account as crucial factors that 

influence the business model feasibility and desirability: legislation and regulation, 

and societal acceptance. This contextualized business model perspective is adopted 

as the theoretical framework for this thesis. The following sections will elaborate the 

business model perspective and the influencing contextual factors. In chapter 4 the 

research method for the theoretical framework of this thesis is elaborated. 

 
3.1 Business Model Perspective 

 

In line with the main research question which calls for an investigation to identify a 

suitable business model, a business model perspective is used. In the literature on 

business models, many different concepts or definitions are utilized. For example, 

collaborative sustainable business models literature focuses on inclusiveness, 

ecology, experimentation, management, innovation, or modeling that focuses on the 

process of business model design (Wirtz, 2011; DaSilva & Trkman, 2014; Boons & 

Ludeke-Freund, 2013; Bocken et al., 2019; Schoneveld, 2020). However, these 

approaches did not suit this research, due to the fact that these could not be used as 

perspective or did not adopt a holistic approach. In the search for a suitable BM 

perspective, it was noted that most definitions on business models draw on the 

literature study of Richardson (2008). The study of Richardson (2008) is a 

comprehensive study that uses a holistic framework, and therefore it is suitable for 

this thesis. This framework defines a business model with reference to three key 

elements: value proposition, value creation and delivery and value capture. These 

first three elements will be elaborated below in section 3.1.1.  

 

Geissdoerfer et al. (2018) conducted a study which goes beyond the study of 

Richardson (2008). This study is focused on sustainability, innovation and multi 

stakeholder management, which seemed of importance regarding the multiple 

stakeholders and the attempts to achieve sustainable partnerships. Geissdoerfer et 

al. (2018) expanded the study about business models to sustainable business 

models, business model innovation and sustainable business model innovation. 

Regarding this thesis a sustainable business model (SBM) perspective is of interest. 

An SBM includes sustainability into the BM concept in at least one of two ways: 

incorporating sustainability into the value proposition, creation and delivery and 

capture; and/or into integrating principles, concepts, or goals, which aim at 
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sustainability. This can be achieved by involving stakeholders, creating extra value 

and developing a BM for the long term. The latter can be added as the fourth element 

in the BM perspective, multi stakeholder management in combination with a broad 

conception of value creation that extends beyond the purely financial.  

The four elements of the BM perspective for this thesis are described as below: 

1. Value proposition is defined by the value that is offered to the customer and 

the strategy to gain customers and basic approach for creating competitive 

advantage. 

2. Value creation and delivery is defined by the organization of the organization, 

position in the organization’s network (partnerships), and source of 

competitive advantage (matching the resources and capabilities of the value 

proposition). 

3. Value capture is defined by the revenue streams and profit that are generated 

from the value proposition, this includes revenue sources and the economic 

side of the business. 

4. Incorporation of pro-active multi-stakeholder management, monetary and non-

monetary value creation for an extensive range of stakeholders, and for the 

long-term. 

 

These elements create the basis of the business model perspective and support the 

research to identify the most promising BM for the APV system. The four elements 

are further elaborated in the following sections.  

 

3.1.1 Value Proposition 
To start, the value proposition indicates the offering, or what product or service the 

customer can purchase at the organization. Furthermore, the value proposition 

includes the target market or intended customer, which in this case is the farmer. 

This element should also encompass reasons for farmers to cooperate with the 

project initiator. Also, important to mention regarding value proposition is the strategic 

positioning which indicates creating competitive advantage and gaining customers 

(farmers in this case). Richardson (2008) stated about the value proposition: “The 

strength of the organization’s value proposition rests on its strategic positioning. An 

organization that plans to offer the same product to the same target market that is 

well served by many existing organizations does not have a strong value 

proposition.” Therefore, market positioning should be taken into account considering 

the value proposition when developing the BM for APV. 

 
3.1.2 Value Creation and Delivery  

The next element, value creation and delivery, is how the value proposition is put into 

practice. Value creation and delivery include the activities that an organization 

undertakes, including the value chain and the network. Within this element resources 

and capabilities are discussed, these two aspects combined create and deliver the 

first element, the value proposition (Richardson, 2008). Organizations typically 

generate new value by creating new revenue streams, developing new business 
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opportunities, and entering new markets (Bocken et al., 2014). For example, 

establishing new APV projects is a form of developing new business opportunities in 

the Vattenfall organization. However, for developing value creation and delivery, 

value capture is of the same importance as the value proposition. Without value 

capture project initiators would not gain profit, which is necessary to maintain 

business operations.  

 

3.1.3 Value Capture  
A well-developed value proposition and value creation and delivery still do not 

indicate the organization's financial success. Therefore, the economic model is an 

aspect to take into account. The economic model includes the financial aspects of 

the organization, for example, costs and margins. Reflected in the economic model is 

a competitive advantage and the possibility to increase profit margins and includes 

the source of revenue streams for the organization’s products or services 

(Richardson, 2018). If the APV system does not have a viable economic model, the 

success of the innovation could be threatened. The financial success of the system is 

important for going through with the implementation of APV projects. The revenue 

model is described to create value capture for the project initiator, however for this 

thesis it is primarily important to know how value is captured for the farmer with that 

same revenue model: both parties should be able to gain. Thus, an economic model 

should be developed for the farmer as well. The proposed economic model for 

Vattenfall and for the farmer is described in section 4.6.1c “Value Capture”.  

 

3.1.4 Multi Stakeholder Management 
The fourth element, multi stakeholder management, is not an independent element 

like the first three mentioned elements. This process-element is added to maintain 

the sustainability of the BM by incorporating sustainability into the three first 

elements. Geissdoerfer et al. (2018) highlights that value capture by the organization 

that initiates the innovation should also generate value for its key stakeholders. And if 

the generated value for the stakeholder, creates in return value for the organization, it 

will support achieving the purpose of the organization. Moreover, this element keeps 

track of the collaborations and organizational arrangements of the two parties: the 

project initiator and farmer. The BM should create a collaboration suitable for both 

parties, with fitting organizational arrangements, resulting in a win-win situation.  

 

3.2 Contextual Feature: Legislation and Regulation 
 

The legislation is one of the main executable tasks of governments in which they 

have influence and can engage. Legislation has a significant impact on the direction 

and level of innovation. The reasons that legislation is necessary is to control equity, 

correct market and regulatory failures, and maintain focus on long-term policy goals. 

Pelkmans & Renda (2014) conducted research for the EU Commission about how 

legislation can enable and disable innovations. They state how legislation is 

important for all stages of the process of innovation, from the beginning of the R&D 
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phase to the end of the commercialization phase. Regulation can also be a powerful 

influence on innovation. It can stimulate as well as deter innovation. This research 

recognizes that innovation is encouraged whenever regulation is flexible, entailing 

less administrative work and lower costs of compliance. There are different types of 

regulation that have different kinds of impacts on innovation. Pelkmans & Renda 

(2014) distinguished three different kinds of regulations: sector-specific regulation, 

innovation-specific regulation, and general regulation. In addition, different kinds of 

regulatory interventions are distinguished: regulation through information, self-

regulation, co-regulation, standardization, market-based instruments, and 

prescriptive regulatory actions. The last two regulatory interventions are of influence 

when implementing APV. The market-based instruments make use of monetary 

incentives, for example, taxes, marketable permits, property regulation, and set limits 

or quantities. The prescriptive regulatory actions integrate the required legislations, 

described as command-and-control policies (Pelkmans & Renda, 2014). These 

regulatory interventions should be taken into account, and knowledge should be 

gained about the legislation and regulation around implementing APV systems in the 

Netherlands. The results will provide a set of boundaries and rules defining the space 

within which the BM of the APV system needs to operate. Due to the fact that 

legislation and regulation can have a significant impact on innovation, this contextual 

feature is included in the scope of this thesis.  

 

3.3 Contextual Feature: Social Acceptance  
 

In a recent study of Ketzer et al. (2020), he mentions how important social 

acceptance is for the success of APV systems. The importance of social acceptance 

is in line with another recent study of Weselek (2019). These studies highlight the 

importance of social acceptance regarding implementing APV systems, and therefore 

this topic is considered to be a critical feature for developing the BM perspective. For 

this thesis the definition of social acceptance by Upham (2015) is used: “A favourable 

or positive response (including attitude, intention, behaviour and -where appropriate- 

use) relating to a proposed or in situ technology or socio-technical system, by a 

member of a given social unit (country, region, community or town and household, 

organization)”. Acceptance can be, having no opinion about or approving a certain 

technology, however it can also take the form of, for instance, active interest in, 

support for, or admiration of a technology. According to Wüstenhagen et al. (2007), it 

is highly likely that lack of social acceptance is a constraining factor for implementing 

renewable energy (RE). The resistance within the society could hinder achieving the 

RE goals of the EU or the Klimaatakkoord (Wüstenhagen et al., 2007; 

Klimaatakkoord, 2019; Avarovaa et al., 2019). Support from the public or 

stakeholders cannot be taken for granted (Wüstenhagen et al., 2007), and as 

Geissdoerfer (2018) stated, incorporating stakeholders is a crucial part of developing 

the BM. Therefore, it is necessary to gain an understanding of the acceptance criteria 

and the interest of the society and farmers for implementing APV. Thus, social 

acceptance is included in this thesis and will be considered as part of the theoretical 
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framework. Literature regarding social acceptance in the RE literature in general is 

taken into account for this thesis, as there are no studies with a specific focus on 

APV systems that have incorporated social acceptance in any depth. Although some 

literature on APV does signal the relevance of social acceptance, there is not enough 

elaboration in these studies for bringing this as a contextual feature into the BM 

perspective. However, considering that the APV system produces renewable energy 

through solar panels, social acceptance in RE literature is relevant for this thesis. 

 

3.3.1 Importance of Social Acceptance of APV  
In the literature of Ketzer et al. (2020) it is stated that citizen acceptance is a key 

factor for the success of the implementation of APV systems. Therefore, the 

participation of citizens is necessary to define a locally legitimate planning framework 

and local criteria that the project has to satisfy. Weselek (2019) also highlighted that 

if citizens are involved in decision making, the acceptance of RE increases. Ketzer et 

al. (2019) have defined several factors that drive the acceptance of the APV system, 

for example, co-participation in both the planning and establishment of the project, 

and co-investing in the project. This study illustrates the importance and influence of 

local acceptance, planning frameworks, and local knowledge as driving and 

restricting technology adoption factors. The perspectives of stakeholders, experts, 

and citizens can highlight the possible improvements of the systems, as well as 

design, or give recommendations to develop a political framework (Ketzer et al., 

2020). In addition to that, Schindele (2020) stated that when governments can legally 

accept APV and provide clear policy rules, it will increase social acceptance of APV 

implementation. Moreover, approval from governmental institutions will increase 

bankability and avoid windfall profits. 

 

3.3.2 Three Dimensions of Social Acceptance  
Wüstenhagen et al. (2007) are among the first to conduct a study concerning social 

acceptance of RE technology. Research conducted after Wüstenhagen is often built 

upon their ideas. The research conducted by Wüstenhagen et al. introduces three 

dimensions of social acceptance: socio-political acceptance, community acceptance, 

and market acceptance. Socio-political acceptance includes the acceptance of the 

public/citizens, stakeholders, and policymakers. Community acceptance is 

conditional upon distributional and procedural justice, and trust between 

investors/project initiators and society. Market acceptance includes acceptance of 

consumers, investors and (intra)firms. According to Upham et al. (2015), who based 

their study on the study of Wüstenhagen et al. (2007), a key element of social 

acceptance is the acceptance of the market. To continue, market acceptance is the 

acceptance of an object for an application that can be implemented in an 

organization, utility or within a home. Market acceptance investigates the opinion, 

reaction, and willingness towards this application by the stakeholders (Upham et al. 

2015). Thus, social acceptance includes a broad range of stakeholders, however, the 

farmers as a key actor group, will be the main focus on social acceptance in this 

thesis. There is no evidence yet that farmers are willing to accept APV systems, 
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which is all the more reason to research social acceptance of these stakeholders. 

Although the farmer is one of the main stakeholders in this research other actors are 

important to take into account in the analysis of social acceptance as well. 

 

3.3.3 Framework by Upham 
Upham et al. (2015) developed an analytical framework in which they give a clear 

perspective on the different kinds of social acceptance that are relevant to consider 

for different kinds of actors. The actors are grouped into three distinct clusters that 

represent clearly different societal constituencies: political, stakeholder, and public. 

Further, Upham et al.  distinguish three levels of social acceptance, based on the 

three dimensions of Wüstenhagen et al. (2007): social-political, community, and 

market acceptance. The three levels of social acceptance and the three different 

actor groups are cross-tabulated in table 2. By following this framework, not only the 

APV adoption willingness of the farmer, but also that of the other actors can be 

analyzed systematically. This analysis can provide insights that should be taken into 

account into the BM design.  

 

 
 
Actor 
Group 

Level 
Social-political 
Acceptance 
(General / Policy) 

 
Community 
Acceptance 
(Local / Community) 

 
Market Acceptance 
(Household / organi- 
zation / End User) 

Political 
 

National acceptance 

(by national, formally 
instituted decision 
makers) 

Local political 

acceptance (by local, 
formally instituted 
decision makers) 

User acceptance (by 
individual citizens 
with views on energy 
policy) 

Stakeholder  Stakeholder 

acceptance (by other 
nationally active 
market and 
nonmarket policy 
groups) 

Local stakeholder 

acceptance (by other 
locally active market 
and non-market policy 
groups) 

Stakeholder 

acceptance (by 
commercial and other 
organized users) 

Public 
 

Public acceptance (by 
the general 
population as citizens 
with views on national 
policy) 

Local public 

acceptance (by the 
local population as 
citizens with views on 
national policy) 

End-user acceptance 
(by household, 
organization and 
individual end-users) 

Table 2. Different actor groups within the three levels of social acceptance by Upham et al. (2015). 

 

Considering the three dimensions of Wüstenhagen (2007), this thesis focuses on all 

three dimensions of social acceptance. Furthermore, considering the framework of 

Upham we can distinguish different kinds of actor groups within these dimensions. 

The actor groups underlined in table 2 are the ones that this thesis will focus on. 

These specific actor groups and the reasons why these will be singled out for 

inclusion in this research will be elaborated in section 4.6 “Social Acceptance”.  
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3.4 Research Framework  
 

The business model perspective including the two contextual features as explained 

above constitutes the theoretical framework of this thesis. In figure 4 the research 

framework for this thesis is shown. As can be seen, the two contextual features are 

taken into account in the formulation and design of the business model. Stated in 

summary, an investigation of social acceptance will provide insight into APV adoption 

criteria that are important to farmers and society, and a focus on regulation and 

legislation will provide insight into the boundaries of possibilities of implementation of 

the system on land. Information about these two contextual features will provide input 

for the business model investigation. The business model investigation will in its turn 

take into account the four elements explained in the previous sections. The BM 

investigation will result in insights into the conditions of attractiveness and feasibility 

of the APV systems. These results are important to derive a conclusion about a 

promising BM that can be expected to increase innovation adoption of the APV 

system. Composing this framework from different literature sources pertaining to 

(sustainable) business models on the one hand, and innovation acceptance on the 

other hand, for the purpose of studying the prospects for APV implementation in 

practice has not been done before and therefore offers added value in the literature. 

How this research has been carried out is elaborated in the following chapter 4. 

“Research Methods”.   

Figure 4. Conceptual Framework  
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4. Research Methods 

 
In this chapter, the research methods used in this thesis will be elaborated. For this 

thesis mixed methods were used; qualitative and quantitative methods are utilized in 

order to answer the sub-questions, whereby qualitative research had the main focus. 

The answers to the sub-questions are gathered in order to answer the main research 

question: “What business model is promising for implementing agro-photovoltaics 
systems for farmers, project initiator and society in the Netherlands, taking into 
account the costs, risks and benefits of the systems?”. This chapter consist of three 

parts. First, section 4.1. deals with the operationalization of the research framework. 

Secondly, the research methods used, the types of data collected, the interview 

method and the sampling issues are elaborated in sections 4.2 and 4.3. Thirdly, the 

explanation of how the sub-questions will be answered with support of the data 

collection are elaborated in section 4.4 to 4.7 per topic: agro-photovoltaics, legislation 

& regulation, social acceptance and the business model. Finally, this chapter closes 

with a summary of the research methods.  

 

4.1. Operational Method 
 

To start with, I developed an operationalized research framework for this thesis. In 

figure 5 the operational method is illustrated. As can be seen, the illustration shows 

the research questions, which stakeholder is required to provide information for each 

of the questions, and which kind of methods are used to answer the different 

questions. Together, the answers to the questions will support and provide insights to 

answer the main research question. This thesis focuses on three main stakeholders: 

farmers, project initiator and society, every stakeholder influences the answers to 

certain questions (as can be seen in figure 5). Every question takes into account at 

least two stakeholders. Question one is an overarching question in order to gain 

knowledge and insights about the APV concept, taking into account all three 

stakeholders. Question one is important to create a basic understanding of APV 

which is needed before addressing the other research questions and answering the 

final research question. Question two covers the boundaries of implementation of 

APV in the Netherlands, provided by legislation and regulation. These aspects have 

an impact on the project initiator and farmer due to the fact that the legislation and 

regulation set limitations on the practicalities of integrating an APV system on 

agricultural land. With question three the aim is to provide insights into the interests, 

criteria and requirements of the farmers and society. This will indicate the impact 

from APV adoption on farmers and society and what a suitable BM could look like 

from the perspective of these two stakeholders. Question two and three address the 

contextual features which will be used as input for the BM. Question four provides 

insights into how the collaboration between project initiator and farmers should be 

shaped. This question will provide clarity on how the farmer and project initiator can 

and may be willing to work together to realize a business model for farmers that  
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Figure 5. Operational Method of Thesis 

Vera Pijnenburg
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works well for both parties. This question relates to the BM perspective as it is a part 

of the organizational aspect. Due to the fact that the collaboration that is to be 

established between farmer and project initiator needs to be an effective and 

sustainable collaboration, initiating this as one of the sub-questions makes the weight 

of importance heavier. Although the organizational part is exclusively addressed from 

the perspective of the farmers and project initiator, society has an interest in the BM 

as well. The social acceptance by society is important for the success of APV, 

therefore the societal criteria and interest should be taken into account into BM 

design. Thus, all three stakeholders (can) have other interests in the BM and 

therefore insights obtained from all three parties are integrated in the investigation of 

the BM perspective of the operational model. The BM perspective includes the four 

elements which have been discussed in the previous chapter. How each of these 

four elements were researched is elaborated below.  

Finally, to answer the main research question, I combined the results of all sub-

questions with support of the conceptual framework and operational model. The 

answers to these four questions culminated into a proposed business model for APV 

in the Netherlands concerning the three main stakeholders. In addition, these 

answers resulted in conclusions about the feasibility of implementing a promising 

APV business model for the farmer, project initiator and society. A promising BM for 

farmers that also has a support base among societal stakeholders would increase 

the likelihood of innovation adoption of APV systems. 
 

4.2 Mixed Methods  
 

In the following paragraphs, I will discuss the different kinds of methods that I used 

for this thesis, based on the book of Creswell (2014). This book provides knowledge 

about research design involving quantitative, qualitative and mixed methods. In order 

to answer the questions mixed methods are used. Mixed methods comprise a 

combination of qualitative and quantitative study. There are different kinds of 

methodologies of mixed methods Creswell (2014), for gaining insights on APV 

attitudes of farmers a qualitative study is used, however, for estimating the system’s 

financial feasibility, quantitative data are used, which is elaborated further in section 

4.7 “The Four Elements of the Business Model”.  

 

The literature study in Chapter 2 provided background knowledge for this thesis, but 

the main focus of the data collection is on primary data collection, due to the fact that 

this is necessary to provide insights and gain knowledge about the opinion and 

situation of each stakeholder, which are crucial to work out a good BM for the APV 

system. While some of the questions could partly be answered with the secondary 

data from the literature review, the answers could only be completely answered with 

the results of the interviews, due to the fact that these results are specific to the 

research scope and direction of this thesis. Moreover, existing research also has not 

yet addressed crucial issues related to stakeholder opinion, situation, interests and 
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perceptions, especially those of farmers. After the following paragraphs of this 

section, the research methods adopted for the BM perspective and contextual 

features are elaborated more in-depth.  

 

4.2.1 Literature Study 
I conducted a literature study by using Google Scholar to find suitable articles in the 

current literature domain. Randolph (2009) described a methodology whereby 

academic databases are used to find relevant articles regarding data for research. 

The articles are scanned concerning the topic of research. Different kinds of relevant 

search terms and combinations are used for this thesis. The single search terms 

were: “Agro-photovoltaics”, “Social Acceptance”, “Business Model*”, and 

“Sustainable Business Model*”. The combination search terms were: “Agro-

photovoltaics” & “Farmer”, “Agro-photovoltaics” & “Business Model*”, “Agro-

photovoltaics” & “Sustainable Business Model*”, “Social Acceptance” & “Agro-

photovoltaics”, “Social Acceptance” & “Renewable Energy Technology”, “Business 

Model*” & “Renewable Energy Technology”, “Sustainable Business Model*” & 

“Renewable Energy Technology”, and “Legislation” & “Innovation”. The search terms 

with three terms were: “Agriculture”, “Technology” & “Innovation Adoption”, and 

“Social Acceptance”, “Renewable Energy Technology” & Agro-photovoltaics. In this 

case the first 10 articles were scanned by reading the title and abstract, in total 140 

articles were scanned. This methodology allowed me to choose the most relevant 

articles only. As can be seen in the used terms and combinations, the terms 

“Sustainable Business Model*” and “Business Model*” are both used multiple times. 

Although, “Sustainable Business Model*” was more relevant for this thesis, I often 

could not find suitable articles within this term, thus, I also used the term “Business 

Model*”. For example, with the combination “Agro-photovoltaics” and “Business 

Model*” I found the article of Ketzer et al. (2019), which was a relevant and highly 

useful article for this thesis. In addition, literature that was referred to many times or 

thought to be important in the current literature, were scanned as well and used when 

found relevant. This process was done till saturation was reached and the most 

relevant articles had been found (Randolph, 2009). In addition, reports commissioned 

by authoritative institutes like the European Commision, the Dutch RVO (Rijksdienst 

Voor Ondernemend Nederland, which translates into Governmental Service for the 

Entrepreneurial Netherlands) or the Dutch Ministry of Agriculture were taken into 

account when found relevant for this thesis. For example, the Ministry of Agriculture 

commissioned the WUR to research the biodiversity around solar parks (Schotman et 

al., 2021), this report provided accurate information about the importance of 

biodiversity regarding implementation of solar parks on land. Moreover, talking to 

experts, Vattenfall colleagues during the internship and fellow students was a 

supplementary literature identification strategy, leading to recommendations of 

reports or papers which could be relevant for this thesis. Whenever these were found 

relevant, these reports and papers were utilized. In the following sections I will 

elaborate on the literature study concerning specific topics of this thesis.  
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4.2.2 Qualitative Primary Data Collection 
The interviews were held according to a semi-structured format. A semi-structured 

interview allowed me to ask questions about relevant topics with all participants, but 

also allowed me to divert if another topic was brought up for discussion that turned 

out to be relevant for the subject matter of this thesis. As Creswell (2014) mentioned 

in his book, instruments found in the literature study were a good tool for preparing 

the interviews. The instruments from the business model perspective, insights from 

social acceptance literature and the Dutch legislation and regulation regarding APV 

supported me in preparing these interviews (Geissdoerfer, 2018; Wüstenhagen et al., 

2007; Terwan, 2017).  

 
 

Depending on the interviewee and his/her background or expertise, there was a 

focus on a certain perspective or contextual feature. For example, with the expert on 

APV from TNO, the social acceptance feature and BM perspective was discussed. 

With the legislation expert from RVO, I discussed only the legislation feature. With a 

business model expert from Vattenfall, I discussed only the business model 

perspective and legislation feature. With the farmers, I discussed societal acceptance 

which includes their opinion about the APV in general and specifically about the 

BSAT system, thereupon, I asked them about the BM perspective and their opinions 

and criteria. The questions asked in the interviews with farmers are explained in the 

following sections. Due to having many interviews with farmers, I prepared a test 

interview with farmer A, afterwards I reviewed the questions and made improvements 

that were necessary to be prepared for the following interviews. The interviews were 

transcribed and afterwards analyzed by the quantitative matrix method of Miles et al. 

(2014). The means of this method is to design a matrix in which the most essential 

citations are gathered. This was done with support of the program MAXQDA, which 

is a software program designed for computer-aided qualitative data in scientific 

settings. These citations can be placed under certain categories. The categories 

were established by reasoning in what cluster a citation would fit. The categories that 

I used were: APV, Agriculture, Society, Cooperation, BM and Suggestions. These 

categories were divided into topics. For example, in the category APV the following 

topics belong: general, advantage, disadvantage, risks, criteria, interests, 

sustainability, implementation, required information, technical aspects, pilot. Some of 

these topics were further subcategorized, for example the topic advantage contains:  

green energy, multifunctionality, biodiversity and financial issues. After all the 

interviews were analyzed and categorized, the results were extracted and 

downloaded in an Excel sheet. The following step was to interpret the citations in one 

category. After the interpretation an overall finding was developed which could be 

used further for this thesis. These steps were all performed in the Excel sheet. Due to 

the fact that the interviews were in Dutch, the analysis was carried out in Dutch. The 

translation to English was made when the overall finding was used in this thesis. The 

analysis of the interviews can be seen in Appendix C. If an argument is mentioned by 

at least two interviewees the argument was taken into account for further elaboration, 
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otherwise the argument is often not relevant. However, if one farmer mentions an 

aspect that had not been mentioned before and I thought it would be relevant for 

future research, I would make an exception and take this citation into account. The 

results of the farmers’ interviews were anonymized and thus are mentioned by letters 

A - O (15 interviews) in this thesis.  

 

4.3 Selection Criteria for the Interview Samples 
 

The participants of the interviews for this thesis are shown in table 3, the reasons 

why these participants are chosen are elaborated in the following sections.  

 

Who Type/Organization Number of participants 
Farmers Conventional  8 
 Organic 7 
Society TNO – Expert 1 
 RVO – Expert 1 
 WUR – Experts 3 (one interview) 
 LTO 1 
 ZLTO 1 
 LTO Noord 1 
 Officer Municipality HK 1 
 Opposition Group RWM 1 
 Village council Vok Kooy 1 

Table 3. Participants interviews thesis. 

4.3.1 Selection Criteria for the Farmer Interview Sample 

The farmer sampling procedure is elaborated in the following paragraphs. The 

selection of interviewee farmers was guided by practicalities that are used for this 

research, for example, what kind of farming system in combination with the APV 

system this thesis focuses on, what are expected to be relevant farmers for APV 

adoption, what size of land is likely to be suitable for APV systems.  

 
Arable Farming and Horticulture 

Agriculture can be divided into five categories: arable farming, horticultural open 

ground, horticulture under glass, grassland, fodder crops and livestock (CBS, 2020b). 

Arable farming and horticultural open ground are the most promising for the 

implementation of APV systems, thus this thesis focuses on these two agricultural 

categories only. Grassland and fodder crops result in too low revenue streams to 

make APV economically feasible (van den Pol-van Dasselaar, 2015) while 

horticulture under glass would require different PV techniques. Livestock farming is 

excluded due to scarcity of literature concerning livestock in combination with APV. In 

the absence of prior studies on APV systems in the Netherlands, I first had to 

determine what kind of arable and horticulture crops are relevant to consider for this 

thesis in the context of the Netherlands, using Dutch statistical data.  
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Arable crops in the Netherlands consist of six main different kinds of crops: grains, 

potatoes, corn, onions, seeds and sugar beets (CBS, 2020c). Grains, potatoes, 

onions and seeds can be divided into subcategories. For example, grains contain 

rye, oats and barley. However, in this thesis, I do not further distinguish different 

kinds of potatoes, grains, seeds and onions, due to the fact that the difference in 

harvesting these crops is minimal and is not relevant for the purpose of carrying out 

the current research. Farmers that cultivate the crops that are mentioned in this 

paragraph were in focus during this thesis, since these are typically crops that are 

cultivated in the Netherlands. Although all farmers interviewed for this thesis are 

arable farmers, some farmers combine arable crops and horticulture crops in their 

business operations. Therefore, the category horticultural open ground is taken into 

account as well. Horticulture crops on open ground in the Netherlands consist of 

fruits, vegetables and nuts. Within fruit cultivation apples and pears are the most 

cultivated and within vegetable cultivation tomatoes, cucumbers, carrots, bell 

peppers and mushrooms are cultivated. Nuts are neglected for this research due to 

the low cultivation in the Netherlands (CBS, 2020d; CBS, 2020e). Moreover, the 

exact effect of the shade of the solar panels on the crops is still unknown. The effect 

depends on the crops, the distance between the rows of solar panels and the 

tracking algorithm of the panels. However, it is clear that in the middle of the day 

there will be no shade on the crops, but only on the herb strips, and that the shade is 

not static but moving due to the moving modules. The exact effects are however still 

unclear and therefore, shade resilience of crops is not taken into account in this 

thesis. However, the question about the trade-off of crops and energy yield remains, 

since the farmer will always need to relinquish a part of his/her land for the placement 

of solar panels.  

 

Sizing of Solar Projects and Required Minimum Farmland Area 

An additional consideration in relation to farm size is that Vattenfall works with large 

scale mono-solar projects of at least 10 hectares (ha) of total land surface. In such 

cases, a field of 10 ha has on average 10 megawatts (MW) production capacity 

which is considered to be a commercially feasible installation size in the Netherlands 

for Vattenfall. However, it is still rather unclear how much space there will (need to) 

be between the solar panels in an APV set up. Thus, there is no guarantee that an 

APV project of 10 ha will be able to hold 10 MW capacity. Consequently, in this 

thesis, different scenarios were worked out and the feasibility results therefrom were 

compared. In 2020 the average size of arable farms in the Netherlands was 28 ha 

(CBS, 2020f). Therefore, the scenarios utilized for assumptions and calculations are 

10 ha, 30 ha and 50 ha. The 50 ha scenario was chosen to see what results can be 

obtained if the APV concept would scale up significantly.  

 
Relevant Farmers for APV 

For this thesis, multiple farmers were interviewed. In order to find out which farmers 

are relevant to include in the research for this thesis, previous literature was 

consulted, and taking account of the aim of this thesis, namely to develop an 
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attractive business model. Therefore, a financial business case should be included in 

the research focus. High revenue streams, low operation costs (OPEX) and low 

installation costs (CAPEX) support the business case (Schindele, 2020). Thus, crops 

with high revenue streams, low maintenance and installation costs of the APV 

system support the business case. Maintenance and installation costs of PV panels 

per unit of installed capacity can be reduced when big plots of land are used. This 

increases efficiency and decreases the relative costs of the system.  

 

First of all, Schindele et al. (2020) stated that APV is recommended to be 

implemented on organic farmland, since organic crops receive a higher price than 

similar crops cultivated with conventional farming methods which can address the 

crop yield gap. This can improve the revenue per unit of area for the farmer. 

Therefore, organic farmers were identified as one category that are relevant to take 

into account. Secondly, conventional farmers can offer their crops relatively cheaply 

due to optimal machining processes, which results in a high volume of sales per unit 

of land surface. In addition, conventional farmers have big plots of land 

(Rijksoverheid, 2020). These characteristics work well in combination with the 

implementation of solar farms. Therefore, conventional farmers are also taken into 

account. Due to the fact that conventional and organic farmers have different 

business operations it was deemed to be interesting to discover any differences in 

opinions and criteria, and retrieve insights from both types of farmers. Thirdly, since 

the geographic scope of this thesis is limited to the Netherlands, only Dutch farmers 

were interviewed. These three selection criteria resulted in a sample with two types 

of Dutch farmers: conventional farmers and organic farmers cultivating typical arable 

and horticulture crops. In the analysis of the interview results, differences in 

responses with respect to the interest and criteria of organic farmers and 

conventional farmers were addressed. 

 
The farmers were contacted through the farmer organizations, farmers that are in 

reach of the researcher’s personal network and acquainted farmers of the 

interviewees (as the snowballing effect). At one point I was stuck on finding new 

farmer interviewees, so I used the google search engine to find any farmer, within the 

sample criteria, at random. The number of interviewees was determined by 

saturation.  

 

Due to the fact that the scope of this thesis is the Netherlands, the farmers are 

located in different places in the Netherlands. In total fifteen farmers were interviewed 

of which six operated solely in an organic manner and seven operated solely as 

conventional farmers, and two farmers who operated both. In figure 6 the map of the 

Netherlands is shown with the located farmer interview sample. As can be seen on 

the map the location of the farmers is provided and the type of farming operation. 

The yellow dots are the organic farmers and the blue dots are conventional farmers. 

Due to the fact that two farmers operated both systems, 17 dots can be seen in figure 

6, of which 9 are conventional operations and 8 are organic. During the analysis of 
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the interviews, I took into account the possible differences between organic and 

conventional farmers in regard to APV adoption, and see if there is a difference in 

opinions and insights about certain topics. In the result section I only mention a 

difference between these types of farmers if one topic is substantiated by only one 

type of farmer. In this way it becomes clear if a topic is more important to one type of 

farmer than the other type of farmer.  

 

 

15 Farmers  
(17 dots: two farmers operate two different kind of 

farms) 

 

Blue dot = conventional farm (9) 
Yellow dot = organic farm (8) 
 
 
 

 

Figure 6. Map of the Netherlands with the Farmer 

Interview Sample. 
 

4.3.2 Selection Criteria for the Society Interview Sample 
As mentioned in the previous chapter Upham (2015) developed a table with all 

different kinds of actor groups, which represent society. However, including all actor 

groups would have been a very time-consuming activity and was not required for this 

research. Thus, the following actor groups, which are the most insightful to include in 

the research for this thesis, were researched:  

- RVO, for information about the national legislation of the Netherlands on solar 

systems on land, for the purpose of researching national acceptance. One 

interview was held with RVO. 

- A local municipality, for obtaining insight into the local governmental legislation 

and council on solar systems on land, for the purpose of researching local 

political acceptance. One interview was held with the municipality of Hollands 

Kroon.  

- The national stakeholder groups for the purpose of researching acceptance of 

national societal constituencies. Five interviews were held with ZLTO, LTO 

Noord, LTO, WUR and TNO. 

- A civil society movement, for the purpose of researching the organizational 

stakeholder acceptance. One interview was held with the Red de 

Wieringermeer polder (Save the Wieringermeer polder) which is active in the 

municipality of Hollands Kroon. 
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- City councils, for the purpose of researching local public acceptance. One 

interview was held with a village council of the municipality Hollands Kroon. 

- The farmers, for the purpose of researching stakeholder acceptance. The 

farmers are one of the three main stakeholders in this thesis. In total fifteen 

interviews were held with organic and conventional farmers in different areas. 

The farmers are not seen as part of the society in this thesis, but are treated 

as a separate stakeholder. 

 

In order to conduct research on society, local politicians, local stakeholders and the 

local public were interviewed. Local stakeholders and local public could be 

researched by interviewing representatives of organizations like LTO, LTO Noord 

and ZLTO, or city councils. Most of these actor groups of society were contacted 

through the APV consortium “Zon in Landschap” (translation in English: Solar in the 

Landscape). This consortium consists of farmer organizations (LTO, ZLTO and LTO 

Noord), governmental intuitions (RVO), research institutes (TNO), universities 

(WUR), provinces, and energy corporations like Vattenfall. The network of Vattenfall 

also provided connections with multiple city councils. Local politics has been 

researched on a municipality level by interviewing a representative of the municipality 

Hollands Kroon. The representatives were contacted through the municipality itself. 

The number of interviews with these actor groups, or society, was determined by the 

experience of saturation. The full list of interviewees can be seen in table 3 and can 

be found in Appendix B.  

 

4.4 Agro-photovoltaics: Benefit, Bottlenecks and Risks 
 

To complete the first question posed in this thesis (Q1 in figure 5): “How can agro-
photovoltaics support the need for increasing land areas for large scale photovoltaic 
systems while avoiding conflict between energy and food supply, and what are the 
benefits, bottlenecks, and risks of implementing APV?”, it required the results from 

the interview with farmers, society and experts. Thus, this question could be 

answered by analyzing the literature that discusses APV systems and combining 

these results with the experiences, interests and opinions expressed by farmers and 

society on this topic. Besides the first question, during interviews with all 

stakeholders, opinions about the risks were asked about. With this, I expected to 

retrieve insights about the risks associated with the implementation of APV. In the 

interviews I also asked the interviewees questions like: “What do you think of the 

APV concept? What do you think is an advantage of the concept? What do you think 

is a disadvantage of the concept? What risks do you see?” 

 
4.5 Legislation & Regulation  

 

One of the contextual features of the business model perspective is legislation and 

regulation (Q2 in figure 5). This feature required another kind of research 

methodology than the previously discussed topics. The methodology of Randolf 
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(2009) was initially applied, nevertheless, no relevant results were extracted. The 

legislation and regulation around innovation on land in the Netherlands is not a topic 

that would be discussed in the literature, but yet is part of the legislation of the 

country. Thus, as a base for assessing this contextual feature, the Dutch legislation 

does need to be considered. From previous experiences it is known that legislation 

can have an impact on innovation. Therefore, the Google Search engine was used to 

find relevant documents around this topic other than peer-reviewed scientific 

publications. A report by the European Commission on the impact and influence of 

legislation on innovations was found to be relevant for this thesis (Pelkmans & Renda 

2014), and already elaborated shortly in the previous chapter. In addition, a 

consultation with a TNO expert yielded a document commissioned by RVO on 

legislation and regulation specifically on the implementation of APV in the 

Netherlands (Terwan, 2017). With the information from these documents, 

complemented with interviews with the legislation expert of RVO and permit expert of 

Vattenfall, question two could be answered: “What legislation and regulations should 
be taken into account and what boundaries do these provide for implementing APV in 
the Netherlands?”  
 

4.6 Social Acceptance  
 

The other contextual feature of the business model perspective is the social 

acceptance (Q3 in figure 5). First, a literature review was conducted following the 

methodology of Randolph (2009) concerning social acceptance in renewable energy 

innovations. From this literature review the studies of Wüstenhagen et al. (2007) and 

Upham (2015) were chosen, as detailed in Chapter 3. These two studies created an 

important base for the understanding of social acceptance concerning renewable 

energy technologies and their stakeholders.  

 

An essential question concerning social acceptance of this thesis is question three: 

“What are the main interests of, and criteria for Dutch farmers and society regarding 
APV adoption in the Netherlands?”. This question gives insight into the social 

acceptance of the farmers and society. The criteria are essential requirements 

farmers and society have to implement an APV system while the interests are 

aspects which farmers and society would prefer. Answering the question 

necessitated the gathering of qualitative data through interviews with multiple farmers 

and society. Question related to this topic were asked the interviewees like: ‘Which 

interests, and criteria are important to you as a farmer?”. Also, questions were asked 

related to agriculture such as: “What do you think about your geographic location 

when implementing an APV system, does it fit in the landscape? Do you think 

increasing biodiversity is important? And why is or isn’t this important?”. 
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4.7 The Four Elements of the Business Model 
 

This section addresses the methodology for the investigation of the BM perspective. 

The four elements of the business model that are researched for this thesis are: 

Value Proposition, Value Creation and Delivery, Value Capture and Multi Stakeholder 

Management. For this thesis, first I filled in each element of the BM that does not 

require input from experts. Afterwards I discussed and adjusted the BM with 

Vattenfall employees till the first concept was complete and verified. In parallel in the 

interviews with farmers and society, they were asked to provide suggestions for the 

BM. In this part of the research methodology sub-question four is supportive (Q4 in 

figure 5): “What kind of collaborations and organizational and contractual 
arrangements are suitable for project initiators and Dutch farmers?”. The 

interviewees were asked what kind of collaboration they would appreciate and what 

aspects they find essential in this collaboration. Also, insights into the criteria and 

interest of the interviewees were acquired and taken into account in the BM. After 

taking into account the ideas and criteria of the farmers and society, the draft 

business model proposition was discussed with Vattenfall employees. The order in 

which the discussions were held started with Vattenfall, followed by the farmers, 

since in practice, the initial concept of the BM would be discussed and elaborated 

first by Vattenfall as the project initiator. Vattenfall should offer beforehand the farmer 

a BM, which can be adjusted afterward in accordance with the preferences of both 

parties. In the following paragraphs I will shortly elaborate on how these elements of 

the BM were completed.   

 

a. Value Proposition: 
The first information for the element of value proposition was gathered through 

literature review, discussions with the Vattenfall employees and expert meetings. 

With this knowledge, I could write down what Vattenfall can offer as an initial value 

proposition. The value proposition is the product or service that Vattenfall will bring to 

the market. In addition, the target market (i.e., the farmer target group) was 

determined and the strategic positioning was discussed. Thus, with the acquired 

knowledge my ideas about the value proposition were written down. The value 

proposition was then complemented by Vattenfall employees, farmers and society to 

the satisfaction of all parties.  

 

b. Value Creation & Delivery 
The value proposition and how it is put into practice was determined with reference to 

the value creation and delivery. The value creation and delivery can be determined 

by figuring out which activities Vattenfall undertakes that include the value chain and 

network of Vattenfall. However, Vattenfall is a corporation with many different kinds 

of business lines, thus it is active in different kinds of markets. For this thesis, only 

the value chain and network regarding the solar development team and APV needed 

to be researched. Determining what is required for the value creation and delivery 

was done by filling in the framework of Porter (2001). The framework divides the 
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primary activities and supporting activities of Vattenfall. The primary activities have a 

direct effect on the production, maintenance, sale and support of the products to be 

delivered and lead to value creation for customers and Vattenfall. The supporting 

activities support the primary activities and form the basis of every organization. 

Filling in the framework of Porter provided a map of the value chain for APV systems. 

In addition, a stakeholder map is developed that shows the required network 

considering developing an APV project. These two maps display which value chain 

and stakeholders are required to participate in order to bring the right value 

proposition to the market. Due to the fact that Vattenfall is developing its first APV 

pilot, which is being built in 2021, the value chain and network regarding this pilot 

could be used as an example to map the current value chain and stakeholder map 

for this thesis. 

 
c. Value Capture  
Value Capture for Vattenfall  

For assessing the element of value capture an economic model was developed for 

both Vattenfall and the farmers, based on cost-benefit methodology. The model for 

Vattenfall is discussed first. Vattenfall had already developed a business case for the 

APV pilot, which could be used as an example. This example was transformed into 

an economic Cost Benefit Analysis that could give economic insight regarding the 

implementation of the BSAT system. A CBA is a model that takes into account the 

benefits and costs, valuing in valuta, which in this case in euros. The CBA model can 

estimate the IRR and the NPV (Boardman et al., 2017). The costs and profit margins 

could be estimated for this system depending on different variables, for example, 

land sizes, profits of crops, systems costs and land leases. Multiple scenarios were 

elaborated on this basis to estimate the likely economic results (revenues and profits) 

under different assumed values of key variables. An important variable is the price of 

the land lease which is paid to the farmer by Vattenfall for the use of the land. This 

compensation payment could be a dealbreaker. Therefore, this variable had to 

receive special attention. The values of key variables were adjusted to see what 

choices are necessary in order to find out which factors are influential for the success 

of this innovation and make this system economically viable. The economic model 

was designed and estimated with the support of the business model expert of 

Vattenfall. This economic model yielded the LCOE, the net present value (NPV) and 

the internal rate of return (IRR) of the BSAT system. These are financial notions that 

can indicate if the BSAT system is expected to be financially healthy and worthy to 

be introduced to the market. The LCOE was explained in section 2.3 “Literature Gap” 

and provides an indication of the costs of generating electricity compared to other 

energy plants. The lower the LCOE, the more likely the system is to be adopted. The 

NPV is used to analyze the profitability of the investment. The NPV can be estimated 

over a period of time, typically the lifetime of the main equipment, by the difference of 

the discounted cash inflow value and the discounted cash outflow value. Finally, the 

IRR is the expected annual rate of return that the investment should generate (Cheng 

et al., 1994). These three financial indicators were estimated for different values of 
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key variables. These variables are the land lease as discussed above, the size of 

land and the space between the rows of solar panels. The parameters that are used 

for the CBA of Vattenfall are the space between panels with variables of 7, 13 and 19 

meters. Different land leases ranging from €2000 till €5000, with steps of €1000. And 

different sizes of land with variables of 10, 30 and 50 hectare of total land surface. 

The base case for the CBA will be 7 meters between panels, 30 hectares of total land 

surface and €3000 for the land lease. I took into account what the farmer expects to 

be a fair land lease, based on the responses in the farmer interviews. The opinions 

expressed in the farmer interviews were also used for determining the space in 

between the solar panel rows for the farmer business operations. The set of 

parameters other than the base case were used in a sensitivity analysis and showed 

how certain assumptions affected the results. These variables were then filled in the 

economic model of Vattenfall to retrieve the financial results for the different 

scenarios of the APV system. For example, the number of solar panels per system 

should be calculated with reference to land size and the space in between the rows 

of solar panels. The number of panels could be calculated with the online tool 

Helioscope, which is a solar design system. The standard variables that Vattenfall 

uses include a CBA of 30 years, and a certain weighted average cost of capital 

(WACC), which cannot be mentioned due to confidentially, and the standard CAPEX 

and OPEX costs regarding solar parks with adjustment for an APV set up. To make a 

future scenario of the retrieved price of energy, the energy curve model is set at 

Pöyry curve, which is a used energy curve by Vattenfall. Another aspect that is taken 

into account are the economies of scale. Vattenfall uses a discount table for different 

CAPEX investments, for example modules, inverters, mounting hardware, assembly. 

This discount table is not shown due to confidentiality, however it could be mentioned 

that if the plant capacity is higher than 40 MW the discount rate becomes positive 

and below 40 MW the discount rate becomes negative. In between the displayed 

plant capacities a straight line is used to calculate the discount rate for different plant 

capacities through interpolation. However, in the installations considered in this 

thesis the plant capacity is never higher than 40 MW (see appendix D). Thus, effects 

of economies of scale in the economic model are only taken into account by means 

of a negative discount rate for the modules component in systems below 40 MW.  

 
Value Capture for the farmer  

Besides the CBAs that were estimated for Vattenfall, as well CBAs were estimated 

for the farmer in order to provide a clear overview of what the financial effects are 

expected to be when implementing an APV system. A limitation of CBA in this case is 

that the IRR cannot be estimated for this farmer business case, due to the fact that 

the farmer does not invest in the system themselves (but Vattenfall does). As an 

alternative, the Benefit-Cost Ratio (BCR) is estimated, defined as the discounted 

cash inflows (benefits) divided by the discounted cash outflows (costs) over the 

lifetime of the system, see formula below. Thus, in this case the difference when 

farmers would keep the same business operations compared to when farmers would 

implement an APV system on their land. 
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The WACC that is used for the CBA is set to zero, due to the fact that the opportunity 

interest rate can be neglected due to the fact that the rate is currently equal to zero in 

the Netherlands (Trading Economics, 2021). Therefore, the NPV is estimated quite 

easily by adding the annual benefits, minus the annual cost times the life years of the 

project. The same parameters were used as in the CBA of Vattenfall, such as the 

space between panels of 7, 13 and 19 meters, and different land leases ranging from 

€2000 to €4000. The NPV increases with size of land and system size, but leaves the 

BCR unchanged because costs and benefits rise in equal proportion with increasing 

project size, i.e., economies of scale are assumed not to impact the BCR for the 

farmer (explained in following sections). However, the NPV is estimated for different 

hectares (10, 30 and 50 ha). The base case for the farmer CBA is the same as 

Vattenfall’s base case: 7 meters between panels, 30 hectares and €3000 for the land 

lease. The other parameters values were used to elaborate a sensitivity analysis just 

like the sensitivity analysis done for Vattenfall’s CBA. The CBA resulted in a concrete 

overview of what monetary advantage or disadvantage the farmer will likely retrieve 

when implementing an APV system. In addition, different CBAs were estimated for 

the organic and the conventional farmers.  

 

To provide a reference for the change in the farmers’ business operations due to 

APV implementation, a CBA for their current business operations (without APV) 

estimated first. The WUR publishes every couple years the KWIN (2018), which is a 

report with reliable data of the financial income and costs the farmer retrieves or pays 

for different kinds of crops per hectare in different locations. Thus, three kinds of 

relevant data were retrieved from this report: income from different crops, cost of 

crops and costs of wage work. These data were used as input for the CBA. For the 

estimation of the CBA, I chose the location of Ijsselmeer Polder with clay soil. The 

data also makes a difference between organic crops and conventional crops, which 

were used to work out different CBAs for the conventional and the organic farmer. 

The input from KWN (2018) was used to estimate a CBA for a scenario in which 

conventional or organic farmers would shift from full-scale farming to implementation 

of an APV system on their land. 

 

Conventional farmers have an agricultural model of at least four different kinds of 

crops rotating annually on parts of their land. Organic farmers have an agricultural 

model of at least seven different kinds of crops rotating on parts of their land. The 

four crops that are used for both types of farmers are potatoes, onions, sugar beets 

and grain (these are typical agricultural crops in the Netherlands, see section 4.3.1 

‘Arable Farming and Horticulture’). For the organic farmers three additional crops 

were chosen that the farmers in the interview mentioned and that are quite typical for 

organic farmers to cultivate. Thus, for conventional farmers the income in the 
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situation without an APV system was estimated by adding the income per hectare of 

those four crops, divided by 4, resulting in the estimated income per hectare. The 

same method was used for organic farmers, except with 7 crops instead of 4. The 

results of the input for the farmers CBA can be seen in Appendix F.  

 

For the CBA, some assumptions were made, for example that the farmers receive 

direct CAP compensation payments of €259,73 per hectare per year (RVO, 2021). 

However, the assumption is made that no grants are provided to the farmers when 

installing the APV system. Another assumption is when farmers want to implement 

an APV system on their land, they will sacrifice ½ of their crops for the system with 

space between the panels of 7m, thus ½ of their current income would be lost. If 

farmers want a system with 13m in between, ⅓ of their current income would be lost. 

And if farmers want a system with 19m in between, ¼ of their current income would 

be lost. The same assumption is applied to the cultivation costs and the wage work.  

 
d. Multi Stakeholder Management 

As mentioned in the previous chapter the element of multi stakeholder management 

is not treated as an independent element in this research, however it focuses on 

sustainability regarding all elements of the BM (Geissdoerfer, 2018). Sustainability is 

integrated in the BM especially in order to maintain good collaboration with all 

stakeholders. Stakeholders with respect to the APV system are farmers, 

municipalities, farmer organizations (ZLTO), governmental intuitions (RVO), research 

institutes (TNO), universities and consortia (Zon in Landschap). Net positive value 

should be created for the project implementing parties. These positive values created 

by APV are identified and ascribed to these parties in this research, and it is 

investigated whether these parties can also capture these positive values. 

Furthermore, societal stakeholders in the environment of APV projects should not 

suffer substantial negative consequences, so the research also identifies possible 

negative values and ways of avoiding or mitigating these. During the interviews with 

the stakeholders, I therefore attempted to discover what value(s) the implementation 

of an APV system will establish for them. For Vattenfall specifically, in its role of 

project initiator, this meant gaining insight into the nature of external values the 

company creates during this process, and how important or extensive these are. In 

addition, during these interviews, the preferred means of collaboration between the 

project implementing parties were discussed. Thus, what kind of collaborations and 

organizational arrangements can be integrated into a sustainable partnership with the 

farmers. In order to develop a sustainable partnership between project initiator and 

farmer, I had to receive the requirements of the farmers and society regarding 

cooperating with project initiators. These requirements can then be taken into 

account by project initiator to create a good partnership. The farmers and society 

were asked questions in the interviews like: “What requirements do you have to work 

together with a project developer in the APV concept? What do you find important in 

this cooperation? What is the minimum you would like to earn from leasing out your 

land? What do you think of the fixed land lease model and the risk-bearing model in 
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which the farmer shares in the risk associated with fluctuating energy revenues 

owing to fluctuating energy sales prices? Which preference do you have? And why?”. 

 
4.8 Summary 

 

A summary of this chapter is provided in the following table. Table 4 shows an 

overview of the research methods per topic covered in this thesis. In the last column 

the sources used for the research methods are listed.  

What Research Method Source 

Legislation & 
Regulation  

- Literature review of documents on 
national legislation by public 
governmental bodies 
- Interviews with experts (RVO) 

- Governmental 
Documents 
- Miles et al., 2014 

Social Acceptance - Literature review 
- Grouping and selecting actors that 
represent society  
- Interviews with farmers and society 

- Randolf, 2009 
- Wüstenhagen, 2007 & 
Upham et al., 2015 
- Miles et al., 2014 

Business Model 
1. Value 

Proposition 
2. Value Creation 

& Delivery 
3. Value Capture 
4. Stakeholder 

Management 

- Business Model 
1. Discussions with Vattenfall 
2. Development of Value Chain & 

Stakeholder map 
3. Interviews with farmers and parties 

in society 
       CBA-based Revenue Model for VF 
       & farmers 
Interviews Farmers 

- Richardson, 2008 
1. Richardson, 2008 
2. Porter, 2001 
3. Cheng et al., 1994; 

Boardman et al., 
2017 

4. Geissdoerfer et al., 
2018 

Table 4. Summary of research methods per topic including sources.   
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5. Results 

 

In this chapter the results of this thesis are presented. The results are elaborated per 

stakeholder or per research method. By doing so, the results will follow the same 

format in which the data were collected.  

 

Due to the fact that the results are presented per stakeholder or per research 

method, some topics of the framework are not (fully) elaborated yet in this chapter. 

As a result, no specific section is devoted to social acceptance. The results for this 

topic are gathered from the participants, which are mentioned in the subsections 

“Interest & Criteria of APV”, then assembled and covered in Chapter 6. In addition, 

the section 5.4.3 “Multi Stakeholder Management” contains only the results of 

Vattenfall, as the rest from the results of the participant are mentioned in the 

subsections “Cooperation” & “Collaboration with Project Initiator”. These results of all 

stakeholders will also be gathered, assembled and fully covered in Chapter 6. 
 

5.1 Farmers’ perspectives on the APV concept and its Business Model 
 

Opinions of farmers on APV are divided. Farmers who like the concept think it is a 

progressive concept, that it is good to work on the problem of land scarcity in the 

Netherlands and that sustainable energy should be generated which makes APV 

possible (A, C, E, D, L). A number of farmers do not state directly whether they like 

the concept or not, they rather leave it open (F, G, H, N). There are also farmers who 

do not like the concept (B, I, J, K, M, O). The reason they give is that many farmers 

do not find this the right solution for the current issue or do not find it promising with 

arable farming, or that solar panels must first be installed on roofs before they are 

placed on agricultural land (B, C, E, F, O). In addition, a few farmers immediately 

indicate that the business case is important (C, D, E). 

 
5.1.1 Perceived Benefits of APV 

A perceived advantage of APV that is often mentioned by farmers is that the land 

becomes multifunctional, thus the space under the panels is used efficiently and it is 

a solution for combining energy yield and crop cultivation (H, I, E). In addition, the 

system produces sustainable energy and could support the current energy transition 

(J, L, O C). An additional advantage mentioned by some farmers is that the solar 

panels can be disassembled, they have a temporary function and can also be 

removed if desired (C, F, M). Another advantage of the system mentioned by some 

farmers is that the herb strips under the panels can stimulate biodiversity, which is an 

important aspect in the business operations of organic farmers, but also prevents the 

spread of fungi (A, C, K, G). In addition, farmers mention that the solar panels would 

fit in between strip cultivation (H, L). Conventional farmers state that once the 

technology is ready, strip cultivation has a good chance of being applied on a large 

scale, but strip cultivation would be hard difficult to realize with the existing large 
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machine-intensive technologies, and it would also not be attractive to replace this 

model with labour-intensive methods (B, L). One farmer specifically mentioned that 

making the switch to organic crop cultivation from conventional farming entails a high 

investment, therefore the additional income from APV would be extra beneficial as a 

support for making the switch (L).  

 

5.1.2 Perceived Bottlenecks of APV 
Obtaining a permit for a concept such as APV can be a bottleneck, although APV is a 

concept that differs from mono-PV installations, municipalities do not approve solar 

panels for use on agricultural land and are pretty strict (N, L). A disadvantage of the 

distributed rows of solar panels expressed by many farmers is that they are 

concerned about the degradation of the landscape, in addition, they find it more 

difficult to fit them into the landscape than a normal centered solar field (A, C, F, H, I, 

J, K, L). Also, farmers stated that geographic location is important to consider when it 

comes to implementing these rows of solar panels (A, B, F). Possible incompatibility 

with existing mechanized ways of cultivation is seen as a major bottleneck by 

farmers, their concern is mainly that the efficiency of their machines would 

deteriorate due to the APV system. A part of this concern comes from the question 

whether the dimensions of the strips in the cultivation system would be wide enough 

to allow their current machines to be used. Otherwise, the machines should be 

replaced by smaller, less efficient machines (B, D, H, J, F, K, N, O). In particular, it is 

expected that the mechanized harvesting of potatoes will not work combined with the 

APV system due to the space between the solar panel rows (I, J). Another bottleneck 

mentioned is that the APV system will stand in the way of regular business 

operations and is seen as an obstacle (E, D, J). The infrastructure of the APV system 

is also seen as a bottleneck, the farmers need to know where the solar panels are 

placed and if it would be an obstacle for them.  

 

5.1.3 Perceived risks of APV 
Farmers see risks in the implementation of an APV concept due to the fact that it 

requires a different way of conducting business operations than that they are 

currently using. Adjusting the current business operation entails risks because the 

results are still unclear (A, C, G). In addition, farmers see the landscape effects as a 

risk as well, they think that the APV concept could lead to a degradation of the 

landscape. Therefore, some farmers argue for a spatial planning policy specific to 

APV concepts (A, C, F). Farmers also see an expected risk with obtaining a permit 

because it is slightly different from conventional systems and a lot of aspects are still 

unclear (A, C). Two farmers specifically see risks in the cultivation security of their 

food crops. Natural conditions such as storms or hail can cause the panels to break 

and shards can end up among the crops, endangering food safety (I, K). Another risk 

that concerns farmers is what effect the panels might have on soil life and quality, or 

perhaps will counteract phytosanitary conditions (B, C, N). Farmers also have 

questions whether the shadow effect has an effect on the crop which could be a risk 

for crops to grow (A, E). Another natural impact could be that herb strips can pose a 
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risk of the formation of unwanted weeds among the food crops, and that these will be 

more difficult to control under the panels (F, G, I, K, O). The next risk mentioned by 

the farmers is that the current dimensions of the farmer's strips on which they 

cultivate will not be in line with the dimensions of the APV system. There is a 

difference of at least 20 meters in between the rows of solar panels compared to the 

desired 7 meters of the BSAT system (E, N, L). A risk may be that farmers will 

damage the panels with their machines, this is a higher risk due to the fact that solar 

panels are more expensive than losing a few meters of crop (A, B, E, D, N). A risk 

can also be that the dirt and dust that will be collected on the panels will slide off the 

panels and will end up down on the crops at the same place, which can have a 

negative effect on crop cultivation (I, B). The same accounts for rainfall, the peak 

load can pose a risk as a small plot of land where the rainfall concentrates cannot 

handle the entire drainage (C, G, I, K). Farmers are also concerned about 

infrastructure, the idea is that the infrastructure should remain in place for a long time 

(20 year fixed at least) and can be an obstacle to current business operations. 

Moreover, the system will require customization due to the fact that every business 

operation of farmers is different (F, B, O, D, J). 

 
5.1.4 Interest & Criteria of APV 
Interest 

An interest that farmers have is that a system like APV also brings advantages such 

as: biodiversity, enabling circular ways of working, enabling an extra grid connection 

(for example, to install a PV-roof and electrify agricultural machines), upscaling with 

chickens, obstacles to the migration of fungi due to the fact that there is an extra non-

food strip in between to protect the other crops (E, D, K, L). Another interest that the 

farmers have regarding the APV system is that the cultivation of crops would still be 

possible in their future business operations (C, G). 
 

Criteria 
An important criterion that is often mentioned by farmers to integrate APV in their 

business operations is that the financial model must be correct and significantly more 

profitable for the farmer compared to their current business case (A, B, D, E, G, K, 

N). Further, it is remarkable that organic farmers consider sustainability as a criterion 

(K, M) while conventional farmers consider efficiency as a criterion (C, J, L, O). 

 
Implementation on own land 

Asking farmers specifically if they want to implement APV on their own land farmers 

have different arguments and opinions. If farmers are positive about implementing it 

on their land some requirements arise such as: the arrangement should be financially 

better than cultivating their own crops; or they would first want to implement such a 

system as a pilot, see next section; or when the technology is ready to make strip 

farming between the panels less labor-intensive (B, F, G, N). Two farmers said they 

would not immediately say no, but would rather see a different kind of concept (C, D). 

And if farmers preferred not to implement such a system, they gave various reasons 
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such as: that their current plots are too efficient; mechanization is technically not yet 

possible to combine with APV; current plots are too small; and solar panels are not 

desired on agricultural land (A, I, J, K, M). 

 

Sustainable Image 
Most farmers consider a green image important and can imagine that APV could 

contribute to this (B, C, D, F, H). Although two farmers mention that a green image 

cannot be monetized and therefore worth less than if a green image would add a 

positive financial value (A, F). 

 

Required information 
The information that farmers would want to have before they start working with an 

APV system is that they want insight into the business case (D, H, F). And farmers 

also have many questions about: what obligations they will have; what are the 

disadvantages; what will the relationship between farmer and Vattenfall be; what is 

their legal position; what about permits; what about subsidies; who invests in what; 

how will the infrastructure look like; what will the valuation of the land be; what is the 

effect on the soil; or what will the effect be of herbal mixtures (and other crops) (C, D, 

F, N, M). The answers on these questions should be provided when arranging 

agreements with farmers.  

 

 Experimentation 
Due to the fact that the APV innovation is still a concept farmers have a lot of 

questions and to remove these insecurities farmers state that starting a pilot would 

be a good first step. The pilot can provide first results which will support removing 

current knowledge gaps and questions. A realized project could support farmers’ 

informed decision making by allowing them to gain a better idea of how the system 

functions in practice instead of remaining in a stage of concept thinking. (A, C, E, F, 

G, I, L).  
 

5.1.5 Agriculture 
Landscape/Location 

Most farmers do not like the idea of solar panels in their landscape, they think it ruins 

the view around them (A, C, E, F, G, J, N, K, O). Some mention the particular area in 

which they live and why it wouldn’t fit, for example one farmer thinks the 

Haarlemmermeer landscape is unique and open (O), another farmer thinks the 

landscape in West Friesland is authentic and open (M), or appreciates the big and 

open landscape of Flevoland (A), another farmer thinks North Friesland has an open 

landscape with some smaller acreage but still very efficient (J), and another thinks 

that the hedge landscape of Zeeland that traditionally exists does not fit with solar 

panels (F). Another aspect regarding the location are the characteristics of soil, the 

Netherlands has different kinds of soil: clay or sand, and with brackish surface water 

or fresh surface water (B, D). However, two farmers indicate that monoculture, for 
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example fields with corn, is more undesirable and would rather see solar panels 

instead (L, M). 

 
Strip Cultivation 

Quite a few farmers are interested in strip cultivation (B, D, N, K, L). However, many 

farmers still see bottlenecks regarding cultivating by means of strip cultivation, such 

as that the technology is not yet ready for this kind of cultivation or that the switch to 

strip cultivation is expensive (D, F, L, O).  

 
Biodiversity & Soil quality  

Many farmers consider biodiversity important and think it adds value to the company. 

The herb strip can increase biodiversity, resulting in natural enemies that have 

positive effects on crop cultivation (A, B, C, E, G, I, K, L, N, O). Two farmers were 

clear that biodiversity did not add value to their company (D, J). The strips of herbs 

under the panels are highly likely to contribute to biodiversity, but the question 

remains about what happens to the soil quality, and if and how the soil is affected by 

solar panels, still very little is known about the effect on soil quality (G, L). 
 

Cultivation Plan 
The cultivation plan must be adjusted according to the farmer's normal cultivation 

plan and will probably become more complicated (I, F, O, G). And the cultivation plan 

must be included from the start of the implementation of the concept (G, F). 

 

Giving up cropland 
Farmers do not mind giving up a part of their land for crops for a concept such as 

APV, this is not a problem as the financial returns would be higher (A, B, D, E, K, N). 

There is a surplus of crop production in the Netherlands, a large part, up to 80% is 

destined for export. Thus, in consideration that there will not be a decline in food 

supply in the Netherlands, less land for crops would not be a problem. Although less 

crops would be exported (L). 

 

5.1.6 Business Model 
Land lease 

A fixed income in the form of a land lease would be good for the farmer, it could bring 

stability for the company. Currently agricultural prices are under pressure, thus if crop 

prices are lower than expected, farmers still receive a guaranteed income (G, J, K, 

M, N, O). There are also farmers who are firm and do not see any added value for 

their company from a land lease model (A, C, D). Also, some farmers do not think the 

risks of the model can be compensated through an extra financial income. The 

farmers state that in any case there is always a risk from farming and that it is part of 

the job (A, B, C, E, L). 

 

A fixed and guaranteed income can reduce risks for the farmer (B, C, D, L, I). In 

addition, the increasing climate change exacerbates the cultivation risks in agriculture 
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from more droughts, heavier storms and other adverse weather conditions (D). The 

land lease would help, for example, to make sustainable investments easier, to 

switch to strip cultivation or to take on a higher risk profile on another piece of land 

(D, L).  

 

It becomes evident that the returns of the APV concept must clearly exceed the 

current earnings model for farmers to consider adoption of APV (A, B, C, F, G, K, N). 

Farmers indicate various things, such as that APV returns must be at least 10% more 

or 25% more in relation to the current solar parks (B, C, G). Some farmers say that it 

should lie between their low and high revenue crops (€500-€3500 per ha) or even 

among the high netting crops (+/- €10,000 per ha), another farmer indicates that it 

must yield a compensation of at least €2500 per ha (D, K, L). 

Farmers also indicate that there should also be a tax benefit and that the conditions 

are very important (O, I).  

 

Farmers also state that the implementation of solar panels on their land could affect 

the zoning plan of the area. This could give rise to the abolition of agricultural 

subsidies for the farmers. The farmers express the opinion that the loss of current 

subsidies should be compensated, if not for the whole acreage, then at least for part 

of it (A, B, D). 

 

Co-ownership 
Although some farmers appreciate a guaranteed income in the form of a land lease, 

they are most interested in co-ownership of the project if it is possible for them to 

make these investments. More risk will be borne, but most likely the return will also 

be higher, making the co-ownership model attractive (B, D, F, G, H, J, K, L, N). With 

this model, the farmers expect more involvement, joint responsibility, more control 

and more motivation to work on the project (D, H, K). Taking risks and being an 

entrepreneur is what the farmer does, thus they would like to take up the risks which 

come along (B, C, J). But despite this, two farmers say that the risks must be 

transparent before agreeing to such co-operations, because they are still unclear (G, 

B). 

 

Some farmers prefer to be able to choose a combination of partly co-ownership and 

partly land lease. This is an advantage for the farmer if the investment is too large to 

participate fully, however one can still participate in a co-owner model. In addition, 

being partly co-owner would create a feeling of participation (C, I, L, O). 

 
Collaboration with Project Initiator 

Farmers would like to get to know the project developer better if they would work 

together. The farmers state that the project initiator can accomplish this by letting 

them know what the company stands for, offering equality, offering security, sharing 

expertise, being transparent and open and providing customization on projects (B, E, 

H, O). 
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The project developer has knowledge of technology, the energy market and 

regulations, whereas the farmers lack that knowledge, they have knowledge of the 

agricultural side. Through the collaboration a win-win situation is created for the 

farmer and project developer. As a result, the parties unburden each other with their 

expertise (A, B, C, E, G, H, N). 

Farmers have multiple different criteria with regard to cooperation with the project 

initiators. The aspects that specific organic farmers mention are that the business 

case must be clear, that the financials are positive for the farmer and that there is a 

fair distribution of profit between project initiator and farmer (A, D, G, H, K). Farmers 

also mention reliability as a criterion between the parties (B, C, D, I). Besides, 

farmers require clear agreements, a point of contact and good communication 

between the parties (A, C, K, L). Some farmers also find the long-term perspective 

important (B, I) and wanted to know what the risks could be before implementing the 

APV concept (G, L). It was striking that farmers also wanted to know clearly what the 

agreements would be with the project developer about what would happen to the 

panels after the term of the contract (D, I, L,O,C, I). 
 

5.1.7 Society 
Even though I did not specifically ask farmers in the interviews about society or 

societal purpose, many farmers introduced this topic themselves. Public support is 

important for farmers (A, C, E, F, I). Farmers have a sectoral interest, so if society 

does not want what the farmers produce, the farmer will not continue to implement it 

(D, E). Support can arise through provincial policy or area management (B, E, F). But 

support can also be created by showing results of pilots or experiments, or financial 

participation for local residents (C, F, I, L). Farmers have many questions about 

regulations and how RVO responds to these kinds of concepts and as to what kind of 

land it will be judged (C, I). 

 
5.1.8 Suggestions 

Connection to the grid is a problem because many of the grid connections are too 

congested, a solution for this could be to immediately look at this concept for the 

purpose of storage of the generated energy, involving good cooperation with grid 

operators and governments (E, L). Some farmers say that (the future of) robotization 

can help make manual labor easier and work more efficiently. In addition, if a 

charging station is directly linked to the solar panels, the robots could also charge 

themselves with green power (G, L, N). To increase the circularity of the company 

with the APV concept, farmers mention that one could also produce hydrogen with 

green electricity (L). Or if the panels can be tilted inwards, the rainwater can be 

collected. Drought is an increasing problem, especially for farmers, thus having one’s 

own water basin can also be very beneficial and help with the circularity of the 

business (K, L). 

 



 

 

55 

 

A suggestion for including the local people is to hire locals for example for the 

construction of the solar panel installation, for example excavation work (E). Another 

suggestion is that crops that are cultivated in combination with APV could be sold for 

higher prices under the True Pricing concept (H). True pricing indicates the real price 

including the accounted sustainability price and due to the fact that the crops are part 

of generating green power the prices could go up.  

 

Farmers state that a mobile system even would have more advantages, due to the 

fact that the panels could rotate along with the crops. In this way, no soil is lost in the 

cultivation plan and the ground can remain cultivated (N, L). 

 

A couple of farmers mention that facilitating animals, for example chickens and 

sheep, under the panels can be interesting, it can broaden the biodiversity of the 

concept. The solar panels can provide protection from predators and the animals 

would keep the herb strip underneath cut short. However, facilitating animals does 

require maintenance, for example one should take care of the animals and place a 

fence around the area where the animals graze (D, H, O). 

 

The final suggestion farmers gave was that a combination of APV with fruit trees or 

with soft fruit might be a logical choice because they are perennial crops as the solar 

panels. In addition, soft fruit also needs a cover in order to protect the fruit and 

prefers a more stable climate, these two aspects can be provided by the placement 

of solar panels (C, G). 

 
5.2 Society’s perspectives on APV 

 

The search for dual function and innovation for agriculture is deemed important in the 

interviews with the societal representatives (Q, S, T, W). This also has to do with the 

quest for the agriculture of the future (R, T, Q). Farmer associations find it important 

to find a solution to the food vs fuel dilemma and are all in favor of this kind of 

concept and multiple use of space (Q, R, T). However, TNO mentioned that we 

should distinguish that the APV concept is something for the future, whereas the 

current focus is on implementing solar panels on the empty roofs (S). 

 

5.2.1 Perceived Benefits of APV 
APV can be a solution to the food vs fuel conflict. Some interviewees opine that a 

reason for the resistance against current solar parks is a part of the loss of food yield 

(O, R, S). One expert mentions that he thinks the quality of the soil will deteriorate 

less quickly than with conventional solar parks due to the larger space between the 

panels (U). Biodiversity is important and herb strips can support an increase of 

biodiversity. In current farming operations herb strips are used only around the 

parcels, this is not enough to reach the center of the parcel, however APV system 

could solve this due to the fact that the solar panel rows are distributed throughout 

the land (R). Mono-solar park is the practice but still represents old thinking, there are 
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so many more possibilities in combination with solar parks, for example the APV 

concept (T). This idea makes it look energy neutral, circular and very plausible. The 

APV system could give shape to circular agriculture and can be the future of 

agriculture (W). There is a need for a new kind of agriculture considering the low 

prices, intensive agriculture which goes against nature and the risks of climate 

change (O). However, the question remains of how much of the rural area are we 

going to use for that? (W). 

 
5.2.2 Perceived Bottlenecks of APV 

A bottleneck of the APV concept seen among societal parties is the regulation of the 

Netherlands. Regulations are not optimal for multifunctional land use in the 

Netherlands nor is government policy supportive. For this system one has to take into 

account agricultural and energy policy (P). For farmers to be entitled to tax benefits, 

the land must be exclusively used for arable farming. As a result, it is not possible to 

even implement a multi-functional concept on the land if this even yields 100% arable 

farming yields (S). Laws and regulations are often only amended after new 

innovations are proven, which often costs a lot of time, and that is typically the case 

with new innovations (S). 

 

Another bottleneck that is mentioned are the subsidy schemes. The subsidies in the 

Netherlands and in Europe are not processed in an optimal way (P, S). The 

agricultural schemes called Common Agriculture Policy (CAP, “Gemeenschappelijk 

Landbouw Beleid” in Dutch) are designed to protect food production. It's “all or 

nothing” within the agricultural schemes. Likewise, the rules for manure distribution 

rights on land are given on a per-hectare basis (S). Manure deposition rights or CAPs 

are removed when solar panels are installed. There is also a discussion going on 

with the tax authorities. There must be sufficient agricultural activity to qualify for tax 

exemptions in relation to CAP subsidies (Q). Farmers have to provide the size of 

their land every year. And they have to indicate exactly where the agricultural land is 

and where other things like buildings are. However, it should be possible to just 

assign parts of the land as being in agricultural use, for example not counting the 

parts of land where the solar panels are placed, and in addition if the farmer can 

indicate that crops can be grown as normal, one would still be entitled to manure 

discharge rights. However, all those separate parts would be in favor of the 

controllers of the agricultural schemes (S). Besides, the agricultural policy in the 

Netherlands in general is much in dispute (S, Q).  

 

The Stimulering Duurzame Energie grants (SDE++, translated into Stimulating 

Renewable Energy) does offer room for agriculture along with solar PV because 

experiments are allowed. However, SDE++ makes no distinction between normal 

parks and innovation parks, so any additional costs will not be reimbursed. At the 

same time, due to the double use of space, one also expects higher efficiency. The 

innovation schemes also offer room for innovations in agriculture, due to the fact that 

in the future we expect that agriculture will be necessary, thus it is good to look for 
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innovations and it is good that this is also part of the APV concept. The current way 

of constructing conventional solar parks makes multifunctional use of land 

impossible. For conventional solar parks no agricultural rights or subsidies can be 

expected (S).  

 

5.2.3 Perceived Risks of APV 
Several risks are mentioned by the societal representatives, such as the regulations 

regarding the system. Another risk mentioned relates to how we can take into 

account current machines, what are the possible tillage options with the APV system. 

What happens if a farmer bumps into it? In addition, the APV system must be tailor-

made due to the fact that every farmer has different business operations and 

municipalities have different guidelines (R). A risk is the degradation of the 

landscape, because the infrastructure has an impact on the land (O, Q, R, T) and if 

that deteriorates and is not removed properly, the landscape would even be more 

deteriorated. The questions that come along with this risk is who is going to remove 

the panels and pay for these costs (U, V). Another risk is how one arrives at the 

correct business case, since so many aspects play a role such as technology, 

business management, crop cultivation in addition to solar panels (T). As well, grid 

congestion is mentioned as a risk by societal interviewees (R, T).  

 

5.2.4 Interests & Criteria of APV 
Criteria mentioned are that APV must offer an additional earnings model (Q, T). But it 

must also yield extra positive value, such as biodiversity (Q, R). In addition, 

landscape integration and participation are criteria (U). Farmers must be 

unburdened, and the system must be practical and current land claims must not 

change too much (O). 

 
Pilot 

An example project is considered important for people to get a good grasp of the 

idea. Society and stakeholders can see the results and form an informed judgment 

about the concept based on knowledge. A pilot is also important to see whether 

scaling up is possible (O, R, S, W). Although it is also worthwhile to mention that a 

pilot has an example function, thus it must be a good example project, the 

requirements therefore must be very strict, others will rely on this pilot (U). 

 
5.2.5 Agriculture  

Biodiversity is an important aspect for society and municipalities (O, R, U). The APV 

system is more interesting for farmers who work with strip cultivation than for 

conventional farmers, because of their current machinery and business operations 

(Q). Although farmers do not prefer rows of solar panels on land, they think that strip 

cultivation is the future of agriculture (C, L, W). Most of the societal interviewees say 

that implementing APV systems would entail a degradation of the landscape (B, R, 

W, V). They think that solar panel placement on roofs should be prioritized and they 

see PV on land as the last option (R, W).  Some geographical areas are deemed 
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more suitable than others for PV on land. The Ijsselmeer polders are seen as more 

suitable for APV, due to their modern, rational and rectangular plots of land (P, W). 

There are differences in geographic location, landscape qualities and the quality of 

the soil, which must be taken into account (T). 

 
5.2.6 Business Model 

It is considered important for farmers to be able to create an extra earning model 

from APV business because they are financially under pressure with little freedom of 

movement due to the fact that the international playing field offers no space and 

keeps prices very low (O, R, T). Every company has slightly different business 

operations. Implementing APV will therefore need to be really tailor-made for each 

farmer (R, P). The collaboration must be a win-win situation for both parties, but for 

society as well and therefore it is important that the profits are distributed fairly (P, S, 

T). 

 

Cooperation 
The project initiator should not underestimate the farmers, they are very 

entrepreneurial, so for good cooperation the project initiator must be able to offer 

several types of business models (Q). For the municipality, local participation is 

important for the collaboration: inclusion of the local residents in the process and 

letting them participate financially (U, R). Moreover, a suggestion was provided for a 

possible collaboration by outsourcing tasks to local farmers when constructing the 

park, which provides them with additional income (R). In addition, it is mentioned that 

society is suspicious of large multinationals. For example, Hollands Kroon is a small 

municipality which cannot fight against the big corporations (V, W). Agreements of 

the corporations are not always fulfilled, which harms the trustworthiness of these 

companies (V). 

 

5.2.7 Society: policies, rules and visions 
Each municipality has their own policy and vision (Q, U, R). Plans for new initiatives 

must comply with municipal regulations. If something does not fit in the current 

zoning plan, a permit can be granted in derogation, or the zoning plan must be 

adjusted. However, if that does not fit with provincial regulations, the plan still does 

not have a chance (U). Process and financial participation must also be included 

considering the climate agreement (T). After all, a concept like APV should also have 

a social benefit (S). In addition, farmers only want to do things that society wants (R). 

Society has indicated that the APV concept could make a contribution (V). Societal 

acceptance is important for the support of these innovations (R), there will always be 

the supporters, opponents and a neutral group occupying the middle ground (R, W). 

If you persuade the middle group this concept can be successful (R). LTO is 

concerned about the big picture and especially the rise of mono solar parks, there is 

a lot of pressure on land due to extensive land use of these installations. Therefore, 

dual use like APV is important (T).  
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Municipality Hollands Kroon 

Hollands Kroon has a very strict policy on new renewable energy initiatives, however 

that is also due to its history and current developments. Hollands Kroon has many 

data centers, a lot of big greenhouses and since last year the biggest wind farm of 

the Netherlands. Social acceptance is declining because external parties are not 

fulfilling their agreements that are beneficial to society, for example that the residual 

heat of the data center would go to the greenhouses which never happened, or that 

the green electricity would go to households while it provided electricity for the data 

centers. Since Hollands Kroon has the largest wind farm on land in the Netherlands, 

they now do not have to supply anything extra to host new green electricity supply 

and there is no foothold for new initiatives (U, V, W). The local residents also have a 

voice, the polder has an aesthetic value and the farmer should not be in charge to 

decide about his land alone. In addition, the question remains if the local society 

should want such ultra-modern agriculture (W). 

 

Every municipality has different policies regarding solar panels on land (U). The 

municipality Hollands Kroon is very strict about solar on land. Even though it is a dual 

function technology, it is a strict no-go (U). However, Hollands Kroon has a specific 

history of why they don’t support new initiatives regarding generating green electricity 

(U, V). The Wieringermeer polder in which this municipality is located has a very old, 

open and authentic landscape (V, W). The establishment of data centers, 

greenhouses and windmills has led to a lot of change in the last 15 years. There is 

currently a battle between land for energy, but also for nature management, wherefor 

agriculture has to be sacrificed in Wieringermeer polder (V). 

 
5.2.8 Suggestions 

The societal interviewees mention various suggestions, such as integrated irrigation 

systems with the solar panels, which would save labor (P). It is also mentioned to 

work with direct local storage of the generated energy, due to the fact that grid 

congestion is a current problem and the farmer's electricity consumption is also 

seasonal. More electricity is used in the winter while the sun generates more in the 

summer. Therefore, the concept would have an extra advantage in combination with 

storage (P). The storage could be in combination with hydrogen (P, T), or biomass 

(W). Mobile systems which rotate along with crops are also mentioned, these have 

the advantage that the soil has periods to rest and charge (T). Possible other 

suggestions are the introduction of a certification system with which one can show 

that one reduces CO2 emissions with this system (O). A combination of APV with 

covered fruit cultivation could also be a good business model, the advantage is that 

there already is a canopy and the local people would not see the difference. Another 

idea would be to let chicken graze (P). The last suggestion was that robotization can 

take over labor-intensive work, which is important if strip cultivation becomes more 

popular, however that innovation is likely to take some extra time (P). 
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5.3 Contextual Feature: Legislation & Regulation 
 

A permit is always necessary when building solar panels on agricultural land, the only 

possible exception to this is when applying solar panels on an agricultural roof. 

Applying solar panels on an agricultural building block does not always require an 

environment license and a change of zoning plan, depending on size and height. In 

contrast, solar panel systems on land are seen as a structure, therefore an 

environmental permit and change of zoning plan is always necessary. Hence it is 

harder to obtain a permit for this than for laying solar panels on a building block, for 

which the zoning plan does not need to be adjusted. Although there are certain 

pieces of legislation and regulations that should be taken into account, there are no 

general guidelines, however municipalities have their own regulation regarding solar 

panels which should be taken into account. 

 

Developing a solar farm falls under the Wabo law (“Wet algemene bepalingen 

omgevingsrecht” in Dutch, translated into the General Provision Environment Act). 

The Wabo clarifies the boundaries for constructing on land. Solar panels on land, 

disconnected from buildings are seen as buildings, thus two kinds of permits are 

necessary: building and use. 

 

Preservation of agricultural use is the most favorable with regards to legislation and 

regulations. This is possible when the land can receive a temporary change of 

destination. The primary destination remains agricultural while the solar park is 

temporarily placed for 20 to 30 years.  

 

One important policy to take into account is the CAP, already flagged in the 

interviews. CAP entails direct subsidy payments to farmers that apply in the whole of 

Europe. This policy focuses on rural development, market regulation and income 

support for farmers. Examples of development, market and pricing policies are 

weather insurance, rural development, market organization, agricultural nature and 

landscape management and nature and landscape management. An important part 

of the CAP policy is the provision of different kinds of subsidies for farmers, examples 

of direct subsidies are basic direct payment, grazing livestock payment, extra 

payment for young farmers and extra greening payment. Since 2016 acreage with 

solar panels does not belong to land for which a farmer can request the CAP 

subsidies. As a result, no payment entitlements can be applied for (parts of) plots 

with solar systems, regardless of further use. It does not matter to the regulations 

what density of solar panels is there and whether they are there permanently or 

temporarily (part of the day or part of the year). Moreover, a similar blanket rule 

applies to multiple fiscal aspects in the Netherlands, for example in relation to certain 

exemptions. Farmers are exempt from OZB (“Onroerende zaakbelastingen” in Dutch, 

translated into property taxes). In addition, farmers have the right to certain tax 

exemptions in order to make land transmission from one farmer to the other easier 

and to make farmer life more attractive to potential successors, which is called the 
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BOR (“bedrijfsopvolgingsregeling” in Dutch, translated into business succession 

scheme). Installing solar panels that can change the zoning plan of the area could 

jeopardize the right of those tax exemptions for farmers.  

The expert of RVO made it clear that regulation can change when systems such as 

APV are proven market worthy and there are possibilities to scale up. Also, she 

made it clear that the farmer can get 100% direct payments per hectare with full 

agricultural function. Although, the farmer is not entitled to this regulation if they 

would apply for the full acreage while 30% of the land is used for solar energy 

generation. However, there is a small loophole, when providing the government with 

the information about land used as agricultural land, the land with the solar panels 

placed can be removed. Concluding, the size of land that is assigned to agriculture is 

less, but 100% agricultural and thus can be applied for subsidies. Although the grant 

regulations for agricultural purposes are strict, the SDE++ that are available to apply 

for the development of conventional solar parks, does offer room for agriculture, due 

to the fact that experiments are allowed in the SDE++ guidelines. The innovation 

grant also offers this, because it is expected that agriculture will be necessary in the 

future, thus governments should look for innovations. The current conventional solar 

parks make agriculture impossible due to their set-up, therefore those grants are not 

applicable.  

 

Pelkmans & Renda (2014) made it clear that regulation can be powerful in steering 

innovation. It can stimulate as well as deter innovation. In this case, innovations in 

ground-based solar systems can facilitate functional combinations with agriculture, 

however these are currently hardly rewarded, nor are they made possible in the 

regulations (Terwan, 2017). Finally, an important aspect to mention is that in 2022 a 

new regulation will come in place in the Netherlands called the “Omgevingswet”, 

(translated into English as the Environment and Planning Act). Currently, every 

municipality has different requirements and there are no general guidelines, which 

result in municipalities making their own decisions or not having any guidelines. Due 

to the fact that the Environment and Planning Act will take effect in 2022, a more 

general policy will be introduced, which will create more clarity for society, as well as 

for project initiators and farmers. 

5.4 Business Model 
 

In the following sections the results of the investigation into the APV business model 

are elaborated with regard to the four aspects identified in Chapter 3: value 

proposition, value creation & delivery, value capture and multi stakeholder 

management. This section provides the results from the perspective of Vattenfall. 

The perspectives of farmers and society were elaborated in the previous sections. 

This topic is fully covered in Chapter 6 where all perspectives were collected and 

brought together. However, only the value capture of the farmers will provide the 
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perspective of the farmers, due to the fact that this part is not discussed in previous 

sections.  

 

5.4.1 Value Proposition 
The value proposition is a section that will not share new information but rather lays 

out how Vattenfall sees the APV value proposition, based on its written 

documentation on the subject: 

 

The proposition of Vattenfall is the provision of an agro-photovoltaics system on the 

land of the farmer. The system is on the land of the farmers for which they receive 

monetary value in compensation. Besides the provision of the system, the system 

aims to increase biodiversity which supports nature inclusivity and indirectly supports 

the growth of the crops by providing natural enemies and a healthier habitat. 

 

The strategic positioning of Vattenfall regarding this system can be considered as 

strong, due to the fact that there are just a couple other APV projects that have been 

built in the Netherlands before. In addition, these other projects are in combination 

with soft fruits. The fruits require a canopy, which protects fruits and provides a more 

stable microclimate. Therefore, the APV system in combination with fruit creates 

another model than the BSAT system. The BSAT system targets the use of open 

fields for all different kinds of agriculture and horticulture. The BSAT system has 

multiple advantages and can theoretically solve the food-nature-energy trilemma.  

Vattenfall is an early adopter of the APV systems due to the fact that APV in the 

Netherlands is still on the verge of research and implementing first pilots. Besides, 

the BSAT system has been especially developed for Vattenfall and thus has not been 

used before or by other companies. 

 

In addition, the APV system will create an extra revenue stream for Vattenfall due to 

the generated renewable energy. This energy can be sold to Vattenfall’s customers 

which creates an extra financial income. 
 

5.4.2 Value Creation and Delivery  
New projects such as APV would contribute to Vattenfall’s overall ambition in 

becoming fossil free within one generation by generating more green energy, 

therefore developing extra value for the company. Besides, Vattenfall will create new 

value to their company by gaining knowledge about APV and increasing Vattenfall’s 

human capital. Vattenfall plans to develop new business opportunities in the solar 

energy market by setting up APV projects. Hereby Vattenfall hopes to create new 

kinds of revenue streams that will be provided from the generated electricity of the 

APV system sold to their customers.  
 
In order to deliver this proposition, Vattenfall has internal and external resources. The 

internal resources consist of the organization's teams which support solar projects. In 

figure 7 the value chain which provides these resources and capabilities is depicted. 
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As can be seen, the figure shows the primary activities and the supported activities of 

Vattenfall regarding APV projects, which is built on the framework of Porter (2001). 

The primary activities for an APV project are the development, project delivery, 

procurement and asset management. These activities are undertaken by employees 

of Vattenfall with expertise regarding implementing solar farms. Supporting activities 

are the firm infrastructure, human resource management, public relations and affairs, 

strategy and business development and sustainability. Thus, Vattenfall has lots of 

human capital regarding solar technology, which is very handy and necessary 

regarding implementing new APV projects.   

 

 

Figure 7. Value chain Vattenfall for implementing APV projects. 

 

Besides their internal expertise and knowledge Vattenfall has built an external 

network in this business area. Vattenfall takes part in the consortia Zon in 

Landschap, which means Solar in Landscape. The consortium is an association of 

different private and (semi)-public institutions such as research universities (WUR), 

Nature and Environment Federation, corporate companies that work in the energy 

sector, RVO, TNO, ZLTO, WUR. Next to this external support a network is built for 

the APV pilot named “Symbizon”, which includes companies such as TNO, AERUS 

and ERF BV. These companies have knowledge and expertise in different areas, for 

example innovation, technology, and agriculture.  

 

Many stakeholders are involved in the implementation of an APV project. In figure 8 

these stakeholders are mapped. Implicitly, the Vattenfall project team is involved 

including a project sponsor who will stand for the project at higher governance. The 

distribution system operator (DSO) in the electricity system plays an important role as 

this body decides whether the APV power plant can be connected to their grid for 
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delivering extra energy. Without their consent and approval, the development of the 

project has no value. In the Netherlands DSOs are located in specific areas in the 

country, thus the DSO can differ per project. The landowner, which in most cases is 

the farmer, is naturally an important stakeholder as obtaining land is an essential 

condition for a project to be developed. Vattenfall’s policy is to always inform the local 

residents who can provide suggestions regarding the project. If a city council is in 

place, which often represents local residents, these can provide suggestions for 

example for the integration of the landscape. The municipality also has a crucial role 

regarding the setting of project boundaries and offering an exclusive permit for the 

approval of the project. The province is only taken into account if the project is bigger 

than 50 MW, which happens rarely. Next, independent research facilities are taken 

into account as well in the stakeholder map as they can provide specific studies 

concerning the area, for example ecological, landscape and archaeological research 

for environmental impact assessment. These studies provide required information to 

develop and receive permits in order to develop the project.  

 

 
Figure 8. Stakeholder Map of Vattenfall regarding APV projects. 
 

5.4.3 Value Capture  
Value Capture for the Project Initiator 

In this subsection results of the value capture for the project initiator will be 

presented. The chosen project design parameters that were introduced in Chapter 4 

resulted in 36 different CBA scenarios, which were part of the sensitivity analysis, 

these parameters are shown in table 5. In appendix D, the value capture results of 

these 36 CBAs with different parameters are shown.  
 

 
Table 5. Parameters of estimated CBAs for APV 
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In table 6, the number of modules calculated by Helioscope are shown for different 

sizes of land in combination with different spacings between the modules. It shows 

the plant capacity in terms of the numbers of modules and MW, and it shows which 

discount rate is used for the modules to take account of (dis)economies of scale. It 

shows none of the set parameters with the land sizes of 10 hectares provides more 

than 10 MW energy capacity. Table 6 also shows that the bigger the size of land and 

the less space in between the panels, the higher the energy generation capacity is 

estimated to be.  

 
Table 6. Number of Modules, Plant Energy Generation Capacity and Discount Rate used for 
determining (Dis)economies of Scale in different CBA scenarios.3  
 
In this section multiple sets of CBAs will be shown that are relevant to elaborate for 

this thesis. The colors in the following tables have different meanings: green 

indicates very good BC, yellow indicates a good BC, grey indicates an okay BC but 

not preferable, orange indicates a bad BC and red indicates a very bad BC. The CBA 

sets for Vattenfall that are presented are: 

- The base case (7 m - 30 ha - €3000) to show the CBA scenario which this 

thesis is operated from as base (table 7). 

- The three best CBA scenarios with the different hectares to show the 

difference between parameters (table 8). 

- Three CBA scenarios that shows the difference in spacing in between the 

panels to show the difference between parameters (table 9). 

- The worst-case, the best and an average CBA scenario to show the difference 

in set of parameters (table 10). 

First, a base case is presented in table 7 on the left with the parameters chosen as 

follows: 7 m spacing between solar panel rows, 30 ha of total land size and €3000 

land lease per ha. These parameters give good results as the IRR is 8.35% and the 

NPV has a value of 1.8 million. Table 7 also shows the results of the BC with the 

parameters of 13 m space and 19 m spacing, these results show less promising 

results compared to the first BC with 7 meters spacing in between because the 

compensation for the land lease per ha remains the same as in the 7 meters spacing 

 
3
 The energy generation capacity (MWp) is calculated by the modules times the panel capacity in Watt peak 

(which amounts to 450 Wp for the BSAT panel). The electricity generated per year in MWh can be calculated by 

the energy generation capacity (in MWp) times the kilowatt hour per kilowatt peak (which amounts to 1225 

kWh/kWp for the BSAT panel). For example, for the parameters of 7 meters spacing and land of 10 hectare 

17,072 modules can be placed. 17,072 (#)  x 450 (Wp) = 7.68 MWp. 7.68 (MWp) x 1,225 (kWh/kWp) = 9,411 

MWh, thus 9,411 MWh electricity is generated per year with the BSAT system for this set of parameters.  
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scenario with fewer panels per ha. Thus, the larger the spacing, the less promising 

the financial outcome would be for Vattenfall.  

 

 
Table 7. Results CBA Base Case (left hand columns), compared to the case with 13 and 19 meters 
spacing (middle and right hand columns). 
 
Secondly, table 8 shows the three best BCs for Vattenfall. For these BCs the land 

lease is set at a value of €2000 per ha, in combination with a spacing of 7 m. The 

highest IRR is obtained for a land size of 50 hectares which reaps maximum scale 

advantages, amounting to 8.65%, although the IRR of 10 hectares seems still to be 

good enough with the IRR amounting to 8.53%, however the differences in the NPV 

are significant.  

 
Table 8. Results Best Three CBAs for Vattenfall. 
 
Thirdly, it is worthwhile to mention that the BC decreases significantly with the 

increase in spacing between panels. As can be seen in table 9, the IRR can drop 

from 8.28% to 7.55% when the distance is increased from 7 to 13 meters spacing 

between the rows of solar panels.  
 

 
Table 9. Results CBA with parameters 10 ha and €3000 land lease with 7, 13 and 19 meters in 
between. 
 

Finally, table 10 shows the best BC on the left, the worst-case BC on the right and an 

average BC in the middle. As can be seen, the best BC gives an IRR of 8.65% and 
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an NPV of over 3.7 million euros. This is obtained due to the low land lease and high 

number of hectares which yields positive economies of scale. The worst-case BC for 

the same land size has an IRR of 6.56% and a negative NPV of 0.46 million euros. 

This can be ascribed to the high land lease per ha in combination with the large 

spacing between the solar panels, while the economies of scale obtained in the 50 

ha scenario do not offset these disadvantages.  
 

 
Table 10. Results best, average and worst CBA for Vattenfall. 
 
The specific LCOE of Vattenfall of conventional solar parks cannot be mentioned due 

to confidentially, however it can be stated that lowest LCOE that can be reached with 

APV is 41.51 €/MWh, as can be seen in table10, which is higher than Vattenfall its 

current LCOE ambition. 

 

Value Capture for the Farmer 
In this subsection the results of the value capture from the perspective of the farmers 

will be elaborated. The results for the BC of Vattenfall for a land lease of €5000 were 

very poor, thus the choice was made not to estimate with this parameter for the 

farmer CBA. Thus, the used parameters resulted in 27 different CBA scenarios per 

kind of farmer, which were part of the sensitivity analysis, these parameters can be 

seen in table 6 (without the land lease of €5000, presented in the last column). In 

appendix E, the value capture results of these 27 CBAs for each type of farmer with 

different parameters are shown. In the following section the results of the base case 

for each type of farmer are presented, and a couple of CBA sets will be elaborated 

that are most relevant for this thesis. The CBA sets that are presented are: 

- Three CBA scenarios for conventional farmers with €2000 land lease to show 

the difference in NPV per land size, while the BCR stays the same per land 

size (table 12). 

- The base case (7 m - 30 ha - €3000), which this thesis is operated from as 

base, to show the CBA scenario for the conventional and the organic farmers. 

In addition, the scenario’s with more spacing than 7 m in between the panels 

are shown in order to show the change in BCR (table 13 & table 16).  

- Three CBA scenarios for the conventional and organic farmers to show the 

highest BCR per land size (table 14 & table 17). 

- Six CBA scenarios for organic farmers with €2000 land lease to show the 

difference in NPV per land size, while the BCR stays the same per land size, 

but increase when the spacing between the panels increase (table 15). 
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First, a financial reference case for the conventional and organic farmer operating 

without an APV system were estimated and are shown in table 11. Strictly speaking 

this is not a CBA, because this reference case does not assess the financial results 

from a new project investment; it represents the expected discounted net profit 

accruing to the farmer from his ongoing agricultural concern 30 years into the future, 

i.e. the same length of time as the expected lifetime of an APV system. The 30 years’ 

discounted net profit for the conventional farmer ranges from 0.95 million euros to 

4.77 million euros. In the following row the discounted net profit for the organic farmer 

without APV system is shown, which ranges from 1.30 million euros to 6.52 million 

euros. 
 

 
Table 11. Results Discounted Net Profit of Conventional and Organic Farmers without APV systems. 
 

In table 12, 13 and 14 the results of the base case and other relevant CBA scenarios 

for the conventional farmer are shown for different land leases with the rest of the 

different set of parameters, for an APV project of 30 years. As can be seen in table 

12 the discounted net profit for a conventional farmer including a land lease of €2000 

per hectare for the APV system with 7 meters spacing and a project size of 10 

hectares amounts to 0.84 million euros, which results in a Benefit Cost Ratio (BCR) 

of 1.10. Thus, a financial benefit for the conventional farmer of 10%. Moving to a 

bigger size of land the NPV increases, however the BCR does not. As can be seen 

the BCR does not change for different land sizes in any table, due to the fact that no 

economies of scale are taken into account in the CBA for the farmer.  
 

 
Table 12. Relevant results CBA Conventional Farmer with €2000 land lease. 
 

The base case for the conventional farmer is shown in table 13 in the first column. 

The NPV amounts to 1.15 million euros and results in a BCR of 1.47, resulting in a 

financial benefit of 47% for the conventional farmer. As can be seen the table makes 

clear that when the size in between the panels increases, the BCR can become as 

high as 2.34 which indicates a financial benefit of 134%.  
 

 
Table 13. Results Base Case and relevant results CBA Conventional Farmer with €3000 land lease.  
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As can be seen in table 14, when conventional farmers receive a land lease of €4000 

per hectare for an APV system with 19 meters space at 50 hectares, the NPV 

amounts to 4.52 million euros, which results in a BCR of 3.01. Thus, a financial 

benefit of 201% for the conventional farmers. 
 

 
Table 14. Relevant results CBA Conventional Farmer with €4000 land lease. 
 

 In table 15, 16 and 17 the results of the base case and other relevant CBA scenarios 

for the organic farmer are shown for different land leases with the rest of the different 

set of parameters, for a project duration of 30 years. In table 15 the results of the 

CBA for the organic farmer are shown with the same parameters as for the 

conventional farmer in table 12. The NPV for an organic farmer includes a land lease 

of €2000 per hectare of the APV system with 7 meters spacing and 10 hectares 

amounts to a negative NPV of 0.90 million euros that results in a BCR of 0.9, well 

below 1. The bigger the size of the land the higher the negative NPV. Thus, implying 

a financial disadvantage of 10% for the organic farmer. However, when the size 

between the panels is higher than 7 meters, as can be seen in the second row, the 

NPV and BCR become positive.  
 

 
Table 15. Relevant results CBA Organic Farmer with €2000 land lease. 
 

The base case for the organic farmer is shown in table 16 in the first row in the 

middle column. The NPV amounts to 0.63 million euros and results in a BCR of 1.22, 

which indicates a financial benefit of 22%. As can be seen, the table makes clear that 

when the size in between the panels increases the BRC can reach as high as 2.02, 

which more than doubles the financial benefit for the organic farmer. 

 

 
Table 16. Results Base Case and relevant results CBA Organic Farmer with €3000 land lease. 
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As can be seen in table 17, when organic farmers receive a land lease of €4000 per 

hectare of the APV system with 19 meters spacing, for 50 hectares the NPV amounts 

to 4.08 million euros, which results in a BCR of 2.62. Thus, an improvement of the 

organic farmer's financial income of 162%.  
 

 
Table 17. Relevant results CBA Organic Farmer with €4000 land lease. 
 

For both types of farmers, it can be concluded that the more space in between the 

solar panels (for a given land lease per ha) and the higher land lease per ha (for a 

given space in between the panels), the higher the BCR becomes, which results in 

more financial benefit for the farmer.  
 

5.4.3 Multi Stakeholder Management 
The unique selling points of the Vattenfall large scale solar development team are 

loyalty, ecology and local participation. Loyalty indicates that Vattenfall always wants 

to be the best partner and best neighbor they can be. Local participation indicates 

that local residents can participate in the development or design of the landscape of 

the solar park. In addition, financial participation of the local residents is often a 

possibility as well within the development of solar parks. Within ecology, Vattenfall 

takes into account the environment and supports increasing biodiversity. These three 

are the key pillars which are carried out with and are central in cooperation with other 

organizations. Therefore, these three selling points count as well in the development 

of APV projects.  

 

Another important aspect for the project initiator as well for the farmer is the contract 

with the farmer regarding the APV system. Once the contract is signed it is not 

possible to cancel the contract earlier than the contract period. The project initiator 

also requires a certainty for the type of investment, therefore the project cannot be 

cancelled at any time. However, the contract can be bought off with a lump-sum 

payment. Over time the lump sum payment will become lower as the investment 

depreciation increases. 

 

Other aspects that farmers and society have mentioned in the interviews, which are 

mentioned in previous sections regarding the business model, will be brought 

together and discussed in section 6. “Multi Stakeholder Management”. 
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6. Discussion  
 
In the following chapter the interpretation of the results presented in the previous 

chapter of this thesis will be elaborated per topic. Thus, the results will be combined 

and interpreted in order to provide an overall answer to each of the sub research 

questions. With the insights into the sub questions the main research question can 

finally be answered. This will be elaborated in chapter 7, “Conclusion”.  

 

6.1 Benefits, Bottlenecks and Risks  

 

The literature review and the insights of the farmer and society provided an answer to 

sub-question one: “How can agro-photovoltaics support the need for increasing land 
areas for large scale photovoltaic systems while avoiding conflict between energy 
and food supply, and what are the benefits, bottlenecks, and risks of implementing 
APV?”  

 
6.1.1 Benefits 

The biggest benefit of APV may be that it could be part of the solution to the trilemma 

between land, nature and energy. Land scarcity is an issue in the Netherlands and 

APV could alleviate the pressure on attaining land due to the fact APV is 

multifunctional. In addition, the participants understand the increasing importance of 

achieving the climate objectives and therefore, support the idea of APV regarding the 

fact that the system generates green energy. Moreover, according to the farmer and 

experts, the herb strips under the panels could support increasing biodiversity, which 

can create natural pest enemies and reduce the need for pesticides. The farmers 

especially mention that the extra profit from the APV system would be good for their 

business operations. They even mentioned that the diversification of their income 

could support the change to more circular or sustainable business operations, or 

could even be supportive of the switch to strip cultivation. The financial benefits are 

further elaborated in section 6.4 ‘Organizational Arrangements’. Societal actors 

mention the need for a different kind of agriculture which is future proof, supports the 

farmers income, addresses climate change, and contributes to biodiversity. The APV 

system in combination with strip cultivation can form a circular way of agriculture and 

can be a part of the future of agriculture.  
 

6.1.2 Bottlenecks 
A bottleneck which is mentioned the most by farmers is their worry about 

mechanization. The APV system would result in an obstacle on their land and 

therefore farmers could not work as efficiently as they do now. Some farmers find the 

space between the solar panel rows too small, it would require them to invest in new 

machines which is a step they are not confident to take. Moreover, they do not think 

that the APV system would fit between potato crops or onions due to the fact that 

they see their current mechanization used for these crops as bottleneck. Farmers 
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rather see the system combined with strip cultivation. Farmers are concerned about 

the infrastructure on their land, which is seen as an obstacle and will be in place for a 

long time. The infrastructure also requires customization per farmer due to the 

different business operations and thus should be tailor-made per farmer.  

 

The following bottleneck is one that society and farmers both worry about, which is 

the degradation of the landscape. Farmers seem very proud of their landscape, and 

APV is a new system on the land that will stand out for its height and can disrupt the 

current landscape. Also, farmers mention that the geographical location is an 

important aspect to consider when implementing APV systems. The geographical 

location can be divided into two segments: soil and landscape. For the soil aspect, 

for example, the Netherlands has different kinds of soil: clay or sand, and soils with 

brackish surface water or fresh surface water, which can have different effects on 

crop cultivation. In particular, the foregone value of implementing APV systems on 

good quality agricultural soils is higher than on poorer ones. For the aspect of 

landscape, the Netherlands has many different kinds of landscape, for example the 

unique and open landscape of Haarlemmermeer, or the authentic and open 

landscape in West Friesland, or the big and open landscape of Flevoland, or the 

open landscape with some smaller acreage of North Friesland or the hedge 

landscape of Zeeland. Therefore, it is important to acknowledge the different kinds of 

landscape and try to implement the APV system as best as possible per location. 

 

Another worry of societal actors is that if the system deteriorates and is not removed, 

the landscape will deteriorate even more. Moreover, some farmers even state that a 

decentralized solar park, like the APV system, would be more difficult to fit in the 

landscape compared to a conventional solar park. Also, an often heard statement of 

society and farmers is that solar panels first should be implemented on roofs to the 

extent possible before considering implementation on land. And therefore, they state 

that the APV concept is a future concept for agriculture rather than a concept for the 

near future. Another bottleneck could be receiving a permit, due to the fact that APV 

is a relatively new concept, the effects are still unsure, and it is even hard for 

conventional solar parks to receive a permit. Another bottleneck that is mentioned 

often by societal actors and farmers is the legislation and regulation regarding 

implementing solar panels on land. This topic is further discussed in section 6.2 

“Legislation and Regulation”. 

 

6.1.3 Risks 
Due to the fact that the effects of the panels on soil and crops are still unsure many 

questions arose during the interviews, and farmers would like to receive more 

specific information before implementing APV systems. Farmers do not know the 

risks and what it means to change their business operations. Moreover, the farmers 

state that preserving food cultivation security while having solar panels in between 

the crops can be a risk. Natural conditions such as storms or hail can cause the 

panels to break and could result in shards in the crops, endangering the food safety. 
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Besides, dirt and dust sliding off the panels on the crops could also harm the food 

security. Or perhaps the system can counteract the phytosanitary conditions. Another 

negative influence on the crops could be rainfall, the peak rainfall load can pose a 

risk as a small plot of land where the rainfall concentrates cannot handle the entire 

drainage. Another risk is that although the herb strips under the panels can increase 

biodiversity, these herb strips can also develop unwanted weeds, which can then 

spread over the land. Spreading weeds is something the farmers want to avoid and 

therefore these herb strips can be risky. Another risk is machinery causing damage if 

not being cautious driving along the panels, losing a couple of crops is less bad than 

losing a couple of solar panels. Another risk mentioned is the current grid congestion 

in many areas in the Netherlands. Some farmers would like to implement solar 

panels on their roof, however there is no space on the grid and therefore they have 

no possibility to install renewable energy sources. If there is no space on the grid the 

development could be in jeopardy. Thus, grid congestion is a risk that should be 

taken into consideration when developing an APV system. 

 

6.2 Legislation & Regulation 
 

To fill in the first contextual feature for the BM, the following question has been 

researched and can be answered: “What legislation and regulations should be taken 
into account and what boundaries do these provide for implementing APV in the 
Netherlands?” 
 
Currently multifunctional solar panels are hardly rewarded nor are they made 

possible in the regulations. The APV systems are treated in the same way as 

conventional solar parks in the legislation, due to the fact that there is no specific 

legislation developed or in place. Solar panel systems on land are seen as a 

structure, therefore an environmental permit and change of zoning plan is always 

necessary, which belongs to the Wabo law. As a consequence, the land is no longer 

seen as agricultural land. As the RVO specialist stated, the APV system should be 

considered differently due to the fact that it has multifunctional purposes, however 

the process to change legislation is often a long process and often takes much longer 

than the introduction of a new innovation. This process will not support the transition 

towards energy-smart food practices that already have a slow pace.   

 

In addition, every municipality handle permits or new initiatives differently. Some 

municipalities have strict guidelines while other municipalities do not even have any 

guidelines. Therefore, it is very important to have contact with the municipality for 

future initiatives and know what their guidelines and criteria are. However, due to the 

fact that the Environment and Planning Act will take effect in 2022, a more general 

policy will be introduced, which will create more clarity for municipalities, society, the 

project initiator and the farmers. 
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Due to the fact that the land is no longer considered as official agricultural land when 

an APV system is installed, the right to grants like the CAP payments and tax 

exemptions lapses. Although these regulations work on an “all or nothing” basis, it is 

possible to maintain a part of the CAP payments or tax exemption. Farmers should 

specify their agricultural land annually to the government. It is possible for the farmer 

to remove the land with the solar panels in such a way that less land is assigned to 

agriculture, but the remaining land is still for agricultural use and thus can remain 

eligible for subsidies. For example, if 30% of the land is covered by solar panels and 

70% is used for agriculture, the farmer could apply for 70% of its land for 100% basic 

payments. Although the CAP regulations are strict, the SDE++ or innovation 

schemes are more open for innovation in the agricultural sector. The innovation 

schemes also offer room for agricultural purposes, due to the fact that the 

government recognizes the importance of innovation for the future of agriculture.  

 

Although there is room for agricultural innovation in certain subsidy schemes, the 

current rules make it difficult for the farmer to innovate while retaining the CAP 

subsidies and current tax exemptions. Regulation can be powerful regarding 

stimulating or deterring innovation. Unfortunately, in this case, multifunctional solar 

parks like APV systems, are currently hardly rewarded nor facilitated in the 

regulations.  

 

6.3 Criteria & Interests of Society and Farmers (Social Acceptance) 
 

In order to gain insight into the criteria of the society and farmers and to fill in the 

contextual feature of social acceptance, the following question has been researched 

and can be answered: “What are the main interests of, and criteria for Dutch farmers 
and society regarding APV adoption in the Netherlands?” In the following paragraphs 

the insights are elaborated per topic.  

 
6.3.1 Criteria  

It is remarkable that the business case (BC) is mentioned very often in different 

topics when interviewing the farmers. For example, some mention the BC first as 

soon as they can give their opinion, or they consider insight into the BC required 

information, or a criterion of adopting the APV system, or something that should be 

good enough to implement APV on their own land, or hopefully an advantage of the 

system. This indicates the importance of a good business case for the farmers and 

that they obtain a fair share in the profits. In addition, farmers mention that there 

should be good and transparent cooperation between the two parties. These aspects 

are further elaborated in section 6.4 “Organizational Arrangements”. In addition, 

organic farmers consider sustainability as a criterion while conventional farmers 

consider efficiency of their business operations as a criterion. Societal actors 

mentioned that APV systems should also yield extra positive value, such as 

biodiversity. Moreover, landscape integration and ability of participation are 

mentioned as criteria by society.  
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6.3.2 Interests 

Farmers stated that being a farmer is a societal function. Some even stated that they 

would do whatever society expected of them; if society wants crops farmers will 

produce crops, if society wants green electricity farmers will generate green 

electricity on their land. Relatedly, farmers and society indicated that support from 

society is of big importance for these kinds of projects. Some suggested that financial 

investment participation for farmers and local residents, and communication are key 

elements in obtaining this societal support.  

 

Most farmers do consider a green image as important and can imagine that APV 

could contribute to this, which could support increasing social acceptance by farmers. 

Increasing biodiversity supports this green image and is an important aspect for 

society as well as for farmers.  

 

Farmers have different opinions concerning the idea of strip cultivation. On the one 

hand there are farmers who think it is too far-reaching and a too expensive way of 

cultivation. On the other hand, there are farmers who think it is the future of 

agriculture. Overall farmers who are generally positive about the idea of strip 

cultivation, think the APV concept (in combination with strip cultivation) is a better 

deal compared to those who favor the conventional way of farming, due to the fact 

that rows of solar panels fit in with the idea of different kinds of cultivation strips. 

Robotization plays a role in this part. Due to the high labor intensity of strip 

cultivation, farmers expect that strip cultivation would be more resourceful if the 

technology is further developed and thereby replaces the labor-intensive work by 

robots. Moreover, to increase social acceptance of farmers and society, pilots and 

example projects are very important. These pilots can provide answers to questions 

that still remain unclear till an example is provided and society can form an informed 

judgment about the concept. Besides, experimenting with APV is deemed very 

important to innovate, gain knowledge, and to improve and scale up the concept. 

 

The initial expectation in this research was that farmers would prefer an arrangement 

with less financials risks, i.e. with a fixed land use compensation, however due to the 

fact that taking risks is part of the farmers job, a part of the farmers couldn’t really 

care much about avoiding financial risks, and would rather prefer to enter into a co-

investing risk sharing arrangement. It is worthwhile to mention that farmers do not 

mind giving up a part of their land for crops for a concept such as APV, as long as 

the expected financial returns are higher. There is a surplus of crop production in the 

Netherlands and a large part is destined for export, thus considering the situation in 

the Netherlands, APV would not affect domestic food self- sufficiency but only export. 

 

6.3.3 Suggestions 
Farmers and society provided many suggestions as well. Due to the fact that the 

suggestions were mentioned without asking, these suggestions can be seen as an 

interest of the participants. Both farmers and society suggested extra features of the 
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APV system, for example an integrated irrigation system and/or a water collection 

system from the panels leading to a water basin, increasing the circularity of the 

business. Another suggestion to increase circularity mentioned by the interview 

participants was that hydrogen or biogas could be directly produced with stored 

green electricity, to circumvent the grid access capacity problems. Some farmers 

said that (the future of) robotization can help make manual labor easier and work 

more efficiently and therefore the APV concept will have a higher innovation 

acceptance when robotization can be fully integrated. Participants also mention that 

facilitating animal rearing, for example chicken and sheep, under the panels in the 

herb strip, could be interesting, it can broaden the biodiversity of the concept. In 

addition, the solar panels can provide protection from animal predators and keep the 

herb strip underneath cut short. However, facilitating animals does require more 

maintenance due to the fact that the animals should be taken care of as well.  

 
6.4 Organizational Arrangements   

 

In this section the results of the collaborations and organizational arrangements 

between parties are discussed taken into account the four aspects of the business 

model, and the answer can be given to the final sub-questions: “What kind of 
collaborations and organizational and contractual arrangements are suitable for 
project initiators and Dutch farmers?”. For the collaboration between farmer and 

project initiator it is expected that the project initiator is transparent, trustworthy and 

remains loyal. These aspects are achieved by building a relationship with one and 

other. Sharing each other's expertise would support this as well. For example, the 

project initiator sharing its expertise on the development and energy market and the 

farmer sharing expertise in crop cultivation. In what depth the farmers would want to 

share their expertise depends on the farmer's wishes. 

 

In order to create value for the society it should be possible for local residents to 

participate in the process of APV project design and implementation and have 

possibilities for financial participation in such projects. The local residents can give 

input and provide their opinions on certain aspects in the development that would 

create more trustworthiness and social acceptance. Financial participation is also 

seen as a positive addition which increases the value for the local residents and 

improves social acceptance. Process participation and financial participation are 

features that are in line with the Klimaatakkoord (2019) and the Environment and 

Planning Act. 

 

Vattenfall would be a good project initiator for the development of APV systems 

mainly due to the fact that their three unique selling points (loyalty, local participation 

and biodiversity, discussed in the previous chapter) are seen as important criteria for 

society and farmers. The contract between the project initiator and farmer is strict, 

the project initiator also requires a certainty for the type of investment and therefore 

when the contract is signed it is not possible to cancel the contract earlier than the 
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contract period. This could be a bottleneck for the farmer when one would prefer to 

stop the project if it is not to their liking. However, the contract can be bought off with 

the lump-sum payment, which will become lower as the depreciation of the system 

increases. Furthermore, it seems like APV would be a good way for Vattenfall to 

diversify their business proposition and they have the resources in order to develop 

these systems as well. However, there should be an increase in value for all 

stakeholders, and good organizational agreements should be made in order to 

secure these benefits. For example, it has to be specified how the farmers could 

capture their share of the project value in a fair way. Therefore, two business models 

were discussed with farmers in this research: the land lease model and the co-

ownership. Farmers would like to have a guaranteed income and the land lease 

model would be suitable from this perspective, however farmers state that they prefer 

the co-ownership model. However, only the value capture aspects of the land lease 

model were investigated in depth with the farmers in this thesis, because this was the 

model originally proposed by Vattenfall. Regarding the value capture it was 

mentioned multiple times by farmers that the extra income should be significantly 

higher than their normal business operations. The larger the spacing between the 

panels and the higher the land lease per ha, the higher the BCR, which indicates 

higher financial benefits for farmers. However, the larger the spacing between the 

panels, the less energy is generated per unit of land surface, and the less beneficial 

the business case for Vattenfall for a given land lease payment per ha. An analogous 

result holds for the land leases: the higher the land lease amount per ha, the less 

beneficial the business case for Vattenfall becomes. Therefore, there should be an 

optimum regarding both parties. Due to the fact that Vattenfall has the ambition to 

keep the LCOE of projects below a certain amount and an IRR higher than 8% the 

best business case for Vattenfall are those with the parameters of 7 meters spacing 

in between the panels, 50 hectares of total land surface and a land lease of €2000, 

which result in an IRR of 8.65% and a NPV of 3.73 million euros and a LCOE of 

41.95 €/MWh. Although the ambition is to keep the LCOE as low as possible, the 

current APV system configuration does not reach the LCOE ambition for any CBA 

case, but this can be accepted by Vattenfall due to the fact that it would be a system 

that yields extra societal value.  

 

The BC of Vattenfall with these parameters would result in a BCR value of 0.9 (10% 

expected loss) for organic farmers and a BCR value of 1.1 (+10% expected profit) for 

conventional farmers. The difference between organic and conventional is quite 

significant, although it is worthwhile to mention that the BCR result of 0.9 is the only 

negative business case for the organic farmer, the scenarios with the other 

parameters do yield a positive financial benefit. It should be expected that organic 

farmers would not agree with this negative BC due to the fact that a negative 

expected profit value is not acceptable. It can be argued that therefore the organic 

farmer should be paid a higher land lease, however the counter argument would be 

that all farmers should be treated equally. It can also be argued that the benefits for 

the farmers must be even higher due to the fact that the farmer crop revenues and 
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labor costs are included for the rest of the 30 years, while for Vattenfall the revenues 

are only of the generated electricity and have only labor at the development of the 

project.  

 

One clear conclusion that can be made is that the bigger the size of the land (hence, 

the bigger the size of the system), the better the business model for both the 

conventional farmer and Vattenfall will be. Vattenfall would prefer parameters that 

result in a higher energy yield per ha. Due to the fact that every set of parameters 

with a land size of 10 hectares gives rise to systems below 10 MW energy generation 

capacity (as can be seen in table 6), APV systems below the 10 hectares are not 

preferred. In addition, to contribute to Vattenfall its ambition and to the Paris Climate 

Agreement, the best BCs for Vattenfall are those with 7 meters spacing between the 

panels. For example, the BCs with 19 meters space between the solar panels have 

relatively very low energy yield per ha. Thus, in the search for a good BC for 

Vattenfall and a good BCR for the farmers, I first took into account the BCs and 

BCRs with the parameters of 7 meters spacing between the panels. In the search for 

a promising BC, I took into account the base case, but also different CBA scenarios 

of the sensitivity analysis. 

 

Vattenfall’s CBA base case scenario with 7 meters spacing in between panels, 30 

hectares of total land surface and a land lease of €3000 per ha resulted in an IRR of 

8.35%, an NPV of 1.82 million euros and an LCOE of 42.83 €/MWh. The same CBA 

case for the conventional farmer resulted in a NPV of 1.15 million euros and a BCR 

of 1.47, and 0.63 million euros and a BCR of 1.22 for the organic farmer. These 

numbers of the base case thus result in a positive financial result for both types of 

farmers. Although the benefits for both farmers are positive, an even higher expected 

financial benefit would be appreciated by the farmers. An indication of this is that 

farmers mentioned that the financial benefit should be significant for them to 

implement APV. Therefore, the higher the expected financial benefit, the higher the 

innovation adoption of the APV systems would be.  

 

Most of the BCRs with the €2000 land lease are not expected to be financially 

beneficial for the organic farmers. In addition, as already mentioned, the base case 

with a land lease of €3000 is expected to provide financial benefits, however not 

enough. The BCR of €4000 land lease does provide good financial benefits, with a 

BCR of 1.55 for the organic farmer and a BCR of 1.83 for the conventional farmer. 

With a project size of 50 hectares, this same set of parameters also provides a higher 

IRR for Vattenfall, namely 8.18%, an NPV of 2.63 million euros, an LCOE of 43.75 

€/MWh and it allows an installation of 40MW energy generation capacity which is the 

highest of all sets of parameters. If the farmers do not own 50 hectares but 30 

hectares the financial benefits would remain the same (as above) for the farmers, but 

the IRR for Vattenfall would reduce to 8.12%, which is still a good result. Both sets of 

parameters, which can be seen in table 18, 19 and 20, could be a promising BC for 

Vattenfall and the farmers.  
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A criterion which is often mentioned is that the farmers should still be able to work 

efficiently, the farmers state that they would work more efficiently with more space in 

between the panels. Thus, looking at the BC with the set parameters of 13 meters 

spacing between panels, 50 hectares of total land surface and a land lease of €3000, 

the IRR for Vattenfall amounts to 7.98%, just 0.02 below 8%. The energy generation 

capacity of a system in this BC amounts to 25.88 MW, which is still preferable for 

Vattenfall than the set of parameters with 19 meters spacing between the solar 

panels. For the conventional farmers it results in a BCR of +1.93 and for the organic 

farmers it results in a BCR of +1.64, which are very valuable extra benefits compared 

to the arrangement with 7 meters spacing. This set of parameters, which can also be 

seen in table 18, 19 and 20, could be another promising BC for Vattenfall and the 

farmers. For this set of parameters, a land lease of €3000 is taken into account, due 

to the fact that a land lease of €2000 does result in low BCRs for the farmers, which 

is not preferable.  

 
Table 18. Promising results BC Vattenfall, considering interests of both project initiator and farmers. 

 
Table 19. Promising results BC conventional farmer, considering interests of both farmers and project 
initiator. 
 

 
Table 20. Promising results BC organic farmer, considering interests of both farmers and project 
initiator. 
 

Concluding, there are multiple CBA cases with different parameters that can be 

successful and provide benefits for the project initiators and farmers. Therefore, the 

different business cases can provide the farmers with some more room for 

negotiation for higher land lease or more space in between the rows of solar panels 

depending what criteria they have. The room for negotiation can make it easier to 

find a win-win situation for both parties.   
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7. Conclusion 

 
7.1 Answering the main research question 

 

This thesis aimed to address a major gap in existing studies, namely the neglect of 

the perspectives of farmers and societal stakeholders in the existing agro-

photovoltaics (APV) literature. Its main research goal was to create a holistic 

overview of the perspectives on APV of all concerned stakeholder groups - project 

initiators, society and farmers - in the Dutch context, and to use these insights for an 

assessment of the scope for a promising business model (BM) for these 

stakeholders. I took the approach of literature review, conducting qualitative 

interviews, and estimating a range of different project scenarios for project initiator 

Vattenfall and farmers with Cost Benefit Analysis (CBA), in order to obtain insight into 

possibly attractive APV business cases (BCs) for these parties. With the results 

obtained in this way I can address the literature gap of the neglect of farmers and 

society in the current literature about APV, and I can provide an answer to the main 

research question with the retrieved insights from project initiator, farmers and 

society. Thus, finally, in this chapter the answer to the main research question is 

given: “What business model is promising for implementing agro-photovoltaics 
systems for farmers, project initiator and society in the Netherlands, taking into 
account the costs, risks and benefits of the systems?” 
 

A first response to the question is that promising business models for the type of 

bifacial solar-tracking APV system (BSAT) developed by Vattenfall were indeed 

identified in this research, which can be beneficial for project initiator, farmer and 

society. It can be a business model which supports the Paris Climate Agreement and 

the Dutch Climate Agreement derived from the Paris Agreement, takes into account 

biodiversity, does not entail problems in relation to competition with agricultural land 

use, and can diversify the income of the farmer. The system should be tailor made 

taking into account the business operations of the farmers and the acceptance 

criteria of the farmer and society. These criteria could be, participation in the process 

of project design and implementation, allowing co-investment arrangements, or 

having the ability to observe a certain range of spacing between the panels in order 

to retain as much efficiency in farming operations as possible, however these criteria 

would depend on the farmer. The results of the CBAs show that there is room for 

negotiation which would lead to financial benefits for both farmer and project initiator. 

For an APV project of 30 years duration, the IRR of Vattenfall could reach 8.18%, 

and could yield a Benefit Cost Ratio (BCR) for conventional farmers up to 1.93 and 

for organic farmers up to 1.64.  

 

The law and legislation should be taken into account, at local, national and EU levels. 

In the Netherlands, local land use planning regulations currently vary considerably 

per municipality, and therefore the project initiator should have close contact with the 
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specific municipality in which a project is planned to be implemented. Although more 

national harmonization is expected within the next couple of years when a new 

nationwide environmental planning act will be introduced, it is in any case valuable to 

establish and maintain close relations with local municipalities whose constituencies 

are affected by APV projects. So that important stakeholder concerns are recognized 

in a timely manner and adequately taken into account in the way projects are 

operationalized. Furthermore, a negative consequence of the implementation of APV 

systems is the expiry of the right to subsidies and tax exemptions. However, it is 

unsure how the regulations on subsidies and exemptions will develop in the future 

while the additional annual land lease revenues for the farmer is a certainty during 

the project's lifetime. Additionally, landscape factors should be taken into account 

seriously. APV systems have to be fitted as well as possible in the environment 

otherwise the acceptability of the technology will be endangered. In the interviews 

farmers expressed acute consciousness about possible concerns by societal 

stakeholders in this respect, they are keen to avoid antagonistic sentiments. Another 

concern of farmers is whether the work efficiency in their farming operations will 

remain the same, however there are no definite answers to these uncertainties. In 

addition, grid congestion is a concern of society and farmers, however unfortunately 

this is out of scope for the farmer or project initiator. The social acceptance of APV is 

expected to be higher when involving all stakeholders, therefore, participation is key 

in this business model. Participation can be in the form of process and financial 

participation for local residents.  

 

This thesis indicates that APV is a potential part of the solution towards a renewable 

future energy landscape. The BSAT system investigated in this research has 

advantages compared to other APV systems, due to the fact it contributes to the 

solution of the trilemma of food, energy and environment, not only the food versus 

fuel dilemma. As the FAO mentioned, the pace of change for energy-smart food 

practices, which are a part of the future of agriculture, is slow. Moreover, to have a 

significant impact on the climate objectives and the trilemma, scaling up these kinds 

of concepts is necessary. Therefore, is it good that Vattenfall wants to be a driver 

behind an APV concept like BSAT that can support the adoption of innovation.  

 

7.2 Recommendations 
 

Although the BCR is higher for conventional farmers across a range of different 

investigated scenarios, organic farmers are more likely to implement such a system 

due to the fact that they find biodiversity overall more important which is a key 

advantage of the APV system. Moreover, farmers who are interested in strip 

cultivation are a favorable partner, due to the fact that when farmers want to make 

the change from conventional (or organic farming) to strip cultivation, the additional 

income from APV could financially support the switch. It is recommended that 

process participation and financial participation for local residents and interested 

people will be seriously taken into account, as it will support societal acceptance and 
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innovation adoption. As well, it is important to keep in mind that in 2022 the 

Environment and Planning Act will take effect, which can probably create 

opportunities for acceptance of municipalities and society.   

 

This research clearly indicates the advantages of the APV system, but it also raised 

many questions about the effect on the soil and geographical location, the crops and 

legal and permit aspects. Therefore, a pilot is necessary to demonstrate the 

favorable results and provide assurance for farmers and society when they are 

interested in implementing APV systems. In addition, when the first results of the pilot 

of Vattenfall are known, I highly recommend sharing these results. These results can 

provide more clarity and validity for stakeholders and interested people.  

 

7.3 Limitations & Implications 

 

In this section I will elaborate on the limitations and the possible implications these 

may have on the results of the thesis. The research question can be answered with 

the used methodology, however due to the fact that this was a first exploration for a 

business model for farmers and project initiators the results should still be viewed as 

preliminary and lack precise recommendations for specific geographical areas. After 

conducting my research, I noticed that instead of a homogeneous group, which is 

often more sought after in quantitative studies, the farmer population consists of a 

highly heterogeneous group. Although they all cultivated the same crops, I did not 

expect that geography would have such an impact on the quality of the crops on the 

farmers' land. In addition, my aim to provide a comparative results perspective for 

organic farmers versus conventional farmers made the group of interviewed farmers 

even more diverse. Therefore, in hindsight it can be said that the selection of the 

farmer sample was not thoroughly thought through with respect to these - partly 

unexpected - issues. An improvement to gain a more homogeneous group could be 

to only conduct research in one specific municipality. However, due to the fact that 

this research was a first exploration it was considered valuable to retrieve insights 

from a heterogeneous group of farmers for this thesis. I gained a very diverse and 

broad set of insights on which other researchers can continue future research, 

suggestions for which are further elaborated in the following section 7.3 “Future 

Research”.  

 

Besides, I have focused on one kind of system, the BSAT system, on which no 

research was done before. Although the system shows many benefits, the question 

remains if this system is the best APV system. For example, creating a microclimate 

under the panels could be very beneficial for crop cultivation, however it is unsure if 

the BSAT system can provide this considering it only provides a canopy for a small 

part of the crops.   

 

In the interviews it could happen that I received an answer that I found better fitting 

within another topic. This could be caused by the fact that the question was not 
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asked clearly enough or that the interviewees interpreted the question wrongly. I tried 

not to switch too much with the answers of the interviewees between different topics, 

due to the fact that the interviewees provided me with an answer in which I should 

trust. However, when I was very sure of my case that an argument belonged to 

another topic, I moved the answer to the topic I found it belonged in. For example, 

one farmer provided a disadvantage of the system while I found that it belonged to 

the topic of risks. Another limitation is that when analyzing the interviews, I did not 

weigh their citations, nor did I take into account the kind of reaction that they gave on 

certain aspects. Some farmers gave a very enthusiastic reaction while others voiced 

a rather neutral opinion. Taking these differences into account could lead to 

somewhat different results. In addition, the interviews were conducted in Dutch and 

later on translated into English. Therefore, there is a risk that the interpretation could 

be somewhat different in English than in Dutch. Perhaps some nuance was lost in 

the process.  

 

For this thesis “society” was researched as well, however it was difficult to define 

society and how to research this actor category. The framework of Upham (2015) 

was useful, but also indicated that I only took into account a few kinds of actors due 

to time limitations. Therefore, society is not encompassingly represented to be able 

to make a clear statement of the societal perspective, however this thesis does 

provide some first insights on the importance and criteria society has.  

 

Regarding the CBA for the farmer, I used different sizes of land, however no 

economy of scale effect was taken into account. Taking into account economies of 

scale could have an impact for the farmer and could have an impact on the CBA that 

could change the BCRs, however if this difference would be significant, it would be 

for the better for the farmer and could only improve the financial benefits of the 

farmer. In addition, some assumptions were made for the CBA, these assumptions 

were made on the basis of realistic numbers but could change throughout the years. 

For example, this year the CAP amounts to €259,73 per hectare and this figure is 

used annually in the CBA. However, realistically the amount of CAP per hectare 

differs every year and often it becomes a lower amount over time. This could impact 

the BCR for the farmer as well, but if the CAP subsidies would become lower every 

year, it would as well become more beneficial to introduce an APV system on their 

land and the farmer would not have to be dependent on the grants. 

 

Another limitation is that I did not conduct research on different land lease models for 

the farmer regarding the different spaces between the panels, for example when 

there is 13 meters spacing between the panels the farmer would receive a lower land 

lease compared to 7 meters spacing in between the panels, due to the fact the APV 

system uses less land. Currently it is very beneficial for the farmer to receive the 

same amount of land lease for less panels on their land, which seems less logical. 

Less energy is generated due to fewer solar panels on the land, and as a 

consequence less revenue from the energy is made. In addition, the farmers retain 
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more space for crop cultivation, which creates revenues as well. Therefore, an option 

would be if the spacing between the panels is higher, the land lease becomes less 

for the farmer, which seems fair.  
 

7.3 Future Research 
 

This study is a first exploration for a business model for farmers and project initiators 

and therefore contains still only approximate results and is missing precise 

recommendations for specific geographical areas. To really indicate which locations 

or types of farmers are best suitable in combination with the APV system, I 

recommend conducting quantitative study in specific geographical locations that 

appear to be most promising. Future research can use this thesis for building on the 

first insights regarding most promising areas and farmer types. Another aspect which 

can be researched more in depth is the shared ownership business models. To 

better understand the implications of these results, future studies could address 

these financial benefits and provide insights compared to the fixed land lease model. 

In addition, another interesting potential model that would be interesting to conduct 

research on, is one in which the financial return for the farmer would be higher in 

situations when the yield of energy is higher than expected. Moreover, I would like to 

mention that it is relevant to research other kinds of systems than the BSAT system, 

due to other kinds of benefits and successes. For example, the development of APV 

systems in combination with soft fruits have the benefit that the solar panels are used 

as canopy which offers protection for the fruits.  

 

Another aspect for future study could be international geographical locations, due to 

the fact that APV is considered a valuable concept for arid regions. In the 

Netherlands the loss of solar irradiation for crops to grow can be seen as a negative 

aspect. However, countries on the equator and its periphery lack shade and are too 

arid for certain crops. These regions often belong to the Global South (third world 

countries). Arid regions have difficulties harvesting food crops, resulting in scarce 

food sources. The APV systems could result in more shade and higher retention of 

moisture in the soil and consequently could be supportive in harvesting food crops. In 

addition, almost 50% of the Global South lacks energy access, due to bad grid 

connection or rural areas. An APV system could be used as a decentralized system, 

providing renewable energy in rural areas (Malu et al., 2017; Herran & Nakata, 

2012). Therefore, APV could be a good solution for providing decentralized green 

energy and better crop cultivation, or as Weselek (2019) states: “an approach for 

sustainable desert agriculture”. Only little research is conducted regarding 

implementing APV systems in the Global South. Future research needs to be 

conducted concerning which food crops, what business models and what kind of 

management these systems need in order to succeed. The Netherlands has great 

potential for APV systems, however other regions could possibly have even more 

potential. Based on these conclusions, practitioners should consider conducting 

research on APV systems in other regions as well.   
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