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1. Introduction

The world is facing many ‘negative externalities’ from its present day energy 

production and consumption system such as climate change, poverty issues, 

pollution, and geopolitical conflicts. This requires a radical shift in that system, 

also called an energy transition (Geels & Schot, 2010).   Such a transition is 

systemic in nature and requires adaptations on multiple dimensions. It is also a 

multi-actor process including different types of actors like policy makers, 

entrepreneurs, NGOs, and (local) communities. An energy transition is highly 

challenging, very difficult to forecast and can take decades to be completed. 

Scholars from the transition studies field aim to contribute to the energy transition 

by researching the underlying change mechanisms. In this thesis I build on the 

insights they have gained since the start of the research field in the late 1990s.

Renewable energy sources like biomass, wind and solar PV provide a 

radically different alternative to the present energy system and can help to 

overcome the above mentioned issues. They can be applied in all countries and do 

not produce any harmful emissions during production of electricity. Moreover, they 

often allow for more decentralized production and consumption patterns with new 

actor constellations.  Of these, solar PV is the most promising since it exceeds the 

annual resource capacity of all renewable energy sources as well as the total 

amount of fossil reserves present on earth (EPIA & Greenpeace, 2011). It is 

estimated that Europe’s electricity demand could be met by covering only 0,34 

percent of land, an area equal to the Netherlands. This thesis builds on the 

assumption that solar PV has the potential to obtain high shares in the energy mix.  

“Solar energy may be called upon to play a much 

larger role in the global energy system by mid-

century...The solar resource is massive by any 

standard.” (MIT, 2015, p. 1,4) 

Initially solar PV was applied in space applications and remote terrestrial 

areas with no or only relatively expensive alternatives available (Oliver & Jackson, 

1999; Verhees et al., 2013). Driven by favorable governmental policies the 

worldwide installed capacity numbers showed exponential growth over the last 

decade, resulting in a total installed capacity of 140 GW in 2013 (EPIA, 2014; Li 

& Yi, 2014; Martin & Rice, 2013; Timilsina, Kurdgelashvili, & Narbel, 2012). 

Despite the impressive growth numbers, the technology’s share in the overall 

energy mix is still low; only 3 percent of European electricity demand was covered 

by Solar PV in 2013 (EPIA, 2014). However, there is great variety in installed 

capacity in European countries, with Germany and Italy taking the lead (Figure 1). 

Moreover, while the overall share of solar PV in the electricity mix even in 

Germany is relatively low, installed capacity can produce more than fifty percent 
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of all electricity on a sunny day, resulting in problems of over-production and 

closure of base load facilities (Burger, 2014; Ueckerdt, Brecha, & Luderer, 2015). 

In order for solar PV to reach its full potential and become a mainstream energy 

source in Europe a number of barriers still need to be overcome. 

Figure 1. Cumulative installed capacity (MW) in European countries for 2000-2013 (EPIA, 

2014). 

One of the key challenges for solar PV market up-scaling today is to make 

the technology competitive with cheap mainstream fossil alternatives. The core 

concept relating to the debate of decreasing solar PV prices and economic 

competitiveness is grid parity, which in its simplest form can be understood as the 

point in time when solar PV will become competitive. The rationale behind this is 

that solar PV prices will automatically decrease with increasing market volumes, 

because learning and economies of scale result in higher levels of efficiency in 

production. Indeed, decreasing system prices lowered the overall investment in 

solar PV for 2013 by 23 percent to 103 billion dollars, despite increased annual 

installed capacity numbers (Aspinall et al., 2014).  Some even argue that solar PV 

could become “too cheap to meter” (the Guardian, 2015), an expression that was 

previously often used in the context of nuclear power. Grid parity has been 

expressed in many forms, ranging from tables, graphs and maps showing areas 

where grid parity is expected in the near future (Figure 2). As such, the grid parity 

concept can be understood as a tool for raising attention for solar PV, obtaining 

resources for its further market development and managing future activities 

(Borupet al., 2006; Schot & Geels, 2008).  
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Figure 2. Grid Parity in Europe for 2008, 2010, 2015, 2020 and 2030 for areas with 

different irradiation levels (Poortmans & Sinke, 2008).    

More recently, the concept became topic of debate with actors doubting its 

usefulness and applicability and starting to discuss what other types of barriers 

need to be overcome for successful solar PV market development  (i.e. grid parity 

as “holy grail or hype”; Sinke, 2009, p. 34). This thesis aims to contribute to this 

debate by providing a better understanding of the mechanisms behind solar PV 

market development, up-scaling and eventually mainstreaming of the technology. 

The role of grid parity in the development and up-scaling of the solar PV market is 

one of the key themes in this thesis.  Below I will discuss the theoretical 

frameworks used for this thesis, building on insights from transition studies and 

business model literature.  

1.1 Niche development and up-scaling and the role of business models 

Transition studies focus on major shifts or transitions in the fulfillment of societal 

functions like food, mobility and energy (Geels & Schot, 2010). New technologies 

like solar PV provide radically different alternatives for production and 

consumption of energy. Such radically different technologies need spaces for 

development (referred to as niches) where they are shielded from selection 

pressures in the mainstream environment consisting of amongst others existing 

infrastructures, cultural heritage and user practices (Geels & Schot, 2010; Kemp, 

Schot, & Hoogma, 1998; Schot & Geels, 2008; Smith & Raven, 2012). Niche 

shielding can be both passive and active in nature (Smith & Raven, 2012). Passive 

shielding is pre-existing and allows for the implementation of the technology 

without actors actively creating niches. For example, solar PV found its first 

application in space where it could be applied for much higher costs because of its 

unique  characteristics for  operation  in  space  (Oliver & Jackson, 1999).  Another 
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example is the terrestrial application of solar PV in outback communities or for 

measuring stations (Oliver & Jackson, 1999; Verhees et al., 2013). Niche shielding 

can also be more actively shaped, for example by governmental intervention or 

citizen initiatives actively building niche markets (Smith & Raven, 2012). The 

important role of governmental policies in shaping markets for solar PV has been 

widely acknowledged by both practitioners and researchers and therefore forms 

one of the key pillars in this thesis (see Section 1.3 below) (del Río & Mir-

Artigues, 2012; EPIA, 2014; Hess, 2013; Li & Yi, 2014; Martin & Rice, 2013; 

MIT, 2015). Such policies are often driven by wider international and national 

policies in the field of climate change or energy.   

When sufficiently shielded from mainstream selection pressures, niche 

technologies can be developed further and the process of up-scaling can start. This 

development is referred to as nurturing and transition scholars have found three 

processes to be of high importance: formation of broad networks with powerful and 

resourceful actors, creation of a shared vision, and deep learning processes on 

various socio-technical dimensions (Kemp et al., 1998; Schot & Geels, 2008). One 

of the core constructs being developed in the niche is the business model (Bidmon 

& Knab, 2014). In essence, business models describe how “an organization is 

linked to external stakeholders, and how it engages in economic exchanges with 

them to create value for all exchange partners” (Zott & Amit, 2007, p. 181). 

Business models are considered as a tool for bringing new, radically different 

technologies such as solar PV to the market thereby changing our present day 

production and consumption system (Boons & Lüdeke-Freund, 2013; Chesbrough 

& Roosenbloom, 2002; Zott, Amit, & Massa, 2011). However, not much attention 

has been paid so far to the role of business models in transition processes (Bidmon 

& Knab, 2014). Business models were therefore selected as one of the central 

concepts in this thesis.  Learning about niche business model designs was found to 

be of main importance for niche development and can either take place within or 

between organizations in the niche (Chesbrough, 2010; Geels, 2011; McGrath, 

2010; Mullins & Komisar, 2009). Moreover, business models can play a 

performative role in market up-scaling by enabling the building of new networks 

that together shape the business model (Doganova & Eyquem-Renault, 2009). 

Business models also represent a shared future vision since they “envisage a future 

venture and the value creation logic that it will entail” (Doganova & Eyquem-

Renault, 2009, p. 1560). Finally, solar PV business models are shaped by the socio-

political context they operate in  (Provance, Donnelly, & Carayannis, 2011; 

Strupeit & Palm, 2015). This thesis will explicitly focus on the role of 

governmental policies on business model design in the niche and thereby follows a 

recent call for future research on this topic by Strupeit & Palm (2015) (main 

research question, see Section 1.4).  Below, I will further discuss the role of 

business models in solar PV niche up-scaling by building on insights from business 

model literature and previous empirical solar PV case studies. 
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1.2 Business models for solar PV niche development and up-scaling 

As stated above, business models are a means for bringing new technologies to the 

market and as enablers of transition processes (Bidmon & Knab, 2014; Boons & 

Lüdeke-Freund, 2013; Chesbrough & Roosenbloom, 2002; Zott et al., 2011). 

Business models for solar-PV were so far mainly studied at the level of business 

model typologies at firm or country level (see e.g. Dewald & Truffer, 2011; Hess, 

2013; Lüdeke-Freund, 2014; Hinnells & O’Neil, 2012). These are dependent on 

particular settings, making it very hard to directly compare the various business 

model types found (Strupeit & Palm, 2015). In contrast, Schoettl & Lehmann-

Ortega (2011) propose six generic types of solar PV business models based on type 

of application and ownership of the facility. In this thesis I build on their business 

model typology (see Chapter 5). Additionally, by building on business model 

literature a few scholars have analyzed solar PV business models at the level of 

individual business model components (Richter, 2012; Strupeit & Palm, 2015). In 

this thesis I also analyze business models at the level of individual business model 

components in order to get a deeper understanding of solar PV business model 

setups in the niche and their interplay with governmental policies (main research 

question, see Section 1.4). I consider business models to be consisting of the 

following business model components: the Value Proposition, Customer Interface, 

Internal Organization, External Value Chain, and Profit Equation (Boons & 

Lüdeke-Freund, 2013; Doganova & Eyquem-Renault, 2009; Johnson, Christensen, 

& Kagermann, 2008; Morris, Schindehutte, & Allen, 2005; Osterwalder, Pigneur, 

& Clark, 2010; Richter, 2013; Schoettl & Lehmann-Ortega, 2011;  Zott et al., 

2011). 

Previous studies showed how business models for solar PV contribute to 

overcoming barriers for market development in various ways. For example, Asmus 

(2008) demonstrates how so-called ‘community shares business models’, for which 

citizens collectively invest in a shared PV installation, enable the inclusion of those 

without a suitable roof or sufficient resources for covering the full up-front costs of 

a system at their own house. Similarly, Drury et al. (2012) and Rai and Sigrin 

(2013) found third party business models, for which the initial investment is 

covered by an external party, to be attracting new types of customers such as those 

with tight budget or low levels of education. The more recent development of 

online crowdfunding provides an additional business model opportunity for 

collectively covering the initial investment amount (Bocken et al., 2014). Enabled 

by opportunities provided by the internet, online crowdfunding has the potential to 

contribute to worldwide radical changes in production and consumption systems. 

However, crowdfunding for solar PV application in particular has not yet been 

investigated. Finally, Strupeit & Palm (2015) found financial barriers, transaction 

costs, risk and uncertainty, and consumer inertia to be solved differently in the US, 

Japan and Germany depending on contextual conditions and end user needs. This 

resulted in different business model designs implemented over the different 
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countries. In their conclusions the authors argue for a more thorough investigation 

of the impact of socio-political contextual conditions on business model design.  In 

this thesis, I will analyze how particular business models designs enable the 

alleviation or even removal of barriers for market development and how their 

designs are shaped by governmental policies. The role of governmental policies in 

niche development and up-scaling will be further discussed in Section 1.3 below.  

1.3 The role of governmental policies in solar PV niche development and up-

scaling 

The importance of favorable governmental policies on solar PV markets has been 

widely acknowledged by both scientists and practitioners (see e.g. del Río & Mir-

Artigues, 2012; EPIA, 2014; Hess, 2013; Li & Yi, 2014; MIT, 2015). While a 

number of support instruments for solar PV have been implemented, in particular 

the feed-in-tariff was found to be a key market driver (Antonelli & Desideri, 2014; 

Martin & Rice, 2013; Timilsina et al., 2012). Under a feed-in-tariff scheme the 

producer of solar PV electricity receives a fixed amount of money per kWh 

produced (Haas et al., 2011). Governmental policies also influence business model 

design in the niche  (Al-Saleh & Mahroum, 2014; Hess, 2013; Provance, Donnelly, 

& Carayannis, 2011; Overholm, 2015; Strupeit & Palm, 2015). For example, Al-

Saleh & Mahroum (2014) found that stick-like policies (i.e. policies that build on 

punishing instead of rewards) result in business models that enable passing of the 

costs to other actors. However, so far a systematic and chronological investigation 

of the effects of governmental policies on niche business model design is lacking. 

In this thesis, the role of governmental policies in shaping solar PV 

markets is researched by combining insights from transition studies and business 

model literature. Governmental support instruments are considered as a form of 

active niche shielding (Smith & Raven, 2012). Governments set regulations to 

apply for the support instruments offered and thereby they “shape the room for a 

niche to develop in” (Hermans et al., 2013, p. 622). Such regulations can also be 

counterproductive as Mormann (2014) shows in his analysis of tax credits in the 

US where he found that the inclusion of an organization with taxable income to be 

resulting in high transaction costs. An even bigger problem for niche entrepreneurs 

is the often fast shifting types and levels of niche shielding instruments in place 

resulting in high levels of market uncertainty as was the case for the renewable 

energy sector in the Netherlands in the last decade (CBS, 2013; Verbong, Geels, & 

Raven, 2008; Verhees et al., 2013). 

“A given project may also incur additional 

indirect costs associated with grid integration. 

These indirect costs depend on many factors.” 

(MIT, 2015, p. 108) 
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Niche shielding regulations are only part of the set of regulations that niche 

entrepreneurs are confronted with. Niche entrepreneurs also have to deal with a 

number of mainstream regulations as well. Niche shielding is thus only partial by 

nature (Hoogma, 2002). These regulations include rules for grid connection and 

building permits and may lead to indirect costs for the niche entrepreneur as well 

(Mormann, 2011, 2012; MIT, 2015). I consider the combination of niche shielding 

(and accompanied regulations) and mainstream regulations to be the regulatory 

regime. The regulatory regime provides a unique set of regulations for the solar PV 

niche that is partially different from the set of regulations that mainstream players 

have to deal with. It defines the set of entrepreneurial opportunities available for 

niche business model design over time (i.e. the space for niche business model 

design) (Eckhardt & Shane, 2003). The regulatory regime was therefore selected as 

the third core concept under study for this thesis
1
. Broader policy developments 

such as climate change and energy policies can be drivers for changes in the 

regulatory regime. Additionally, niche developments can influence the regulatory 

regime. For example, if costs for a shielding instrument are rising extensively 

because of fast increasing installed capacity, a cap on the instrument can be set by 

the government. The regulatory regime is therefore highly dynamic and 

continuously shifting.  Finally, I will analyze the impact of the regulatory regime 

on a broader system level by mainly focusing on cost-benefit structures for 

different actors in the energy system.  

Business models used in the niche can be considered as “a reflection of the 

firms realized strategy” (Casadesus-Masanell & Ricart, 2010, p. 195). By studying 

the types of business models employed entrepreneurial strategies can thus be 

revealed. For example, Schaltegger, Lüdeke-Freund, & Hansen (2012) found that 

different sustainability strategies resulted in different types of business model 

innovation regarding adoption, adjustment, improvement and redesign. Zott & 

Amit (2008) demonstrate that there is a joint effect of the firm’s competitive 

strategy and business model design on its performance. A number of studies have 

analyzed strategies for dealing with governmental policies ranging from alignment 

to opposition (see e.g. Martin & Rice, 2014; Shaffer, 1995; Tan, 1996; Wesseling 

et al., 2014; Wilson, Williams, & Kemp, 2011). Thompson, Herrmann, and 

Hekkert (2014) were the first to study how niche entrepreneurs engage in 

institutional change and amongst others found them to be engaging in new actor 

relationships and theorizing problems and solutions related to the niche technology. 

From transition studies literature perspective, niche actors can follow two 

distinct strategies for niche up-scaling (niche empowerment). First, niche actors can 

follow a ‘fit and conform’ strategy that focuses on being “competitive with 

1
I only focus on the regulations and governmental policy dimension of the mainstream 

socio-technical system, not on other dimensions like existing user practices or cultural 

heritage (Geels & Schot, 2010; Schot & Geels, 2008). Regulations can relate to the existing 

mainstream electricity or building infrastructures (infrastructures form one of the 

dimensions of the mainstream socio-technical system). 
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mainstream socio-technical practices in otherwise unchanged selection 

environments” (Smith & Raven, 2012, p. 1030). Alternatively, niche actors can 

apply a ‘stretch and transform’ strategy to change the mainstream conditions and 

thereby improve selection criteria for the niche innovation (Smith & Raven, 2012). 

A recent study investigating cases of solar PV, carbon capture and storage and 

offshore wind by Raven et al. (2015) found fit strategies to be dominating, even 

though examples of stretch strategies could also be found in the cases. Such 

empowerment strategies can also be applied when dealing with the regulatory 

regime.  However, so far a systematic analysis of the different empowerment 

strategies for dealing with the regulatory regime employed in the niche has not 

been made. Additionally, the effect of such empowerment strategies on niche 

business model design has not yet been investigated. For this thesis I studied niche 

business model designs and consider these to be a reflection of the niche 

empowerment strategy for dealing with the regulatory regime.   

1.4 Research questions and thesis contributions 

As stated above this thesis aims at a better understanding of the mechanisms 

behind solar PV market development and up-scaling so that the technology 

eventually can become a mainstream energy source. I build on three core concepts 

that were found to be related to the development and up-scaling of the solar PV 

niche and their interrelation: grid parity, business models and the regulatory 

regime, resulting in the following main research question and related sub-

questions: 

MRQ: How can business model design for solar PV contribute to mainstreaming of 

the technology in the context of shifting regulatory regimes? 

RQ1: What is the role of grid parity in the development of solar PV niche business 

models? 

RQ2: What is the role of business models in the development and up-scaling of the 

solar PV niche? 

RQ3: What is the effect of the regulatory regime on niche business model design? 

RQ4 What kinds of empowerment strategies do solar PV niche entrepreneurs 

employ for dealing with the regulatory regime and how do these affect niche 

business model design?  

This thesis aims for a combined theoretical and empirical contribution. 

Theoretically, it contributes to a recent call for more research on niche shielding 

and empowerment processes by Raven et al. (2015) since these are the least 

researched processes within transition studies for niche development and up-

scaling today. Additionally, the role of business models in transition processes 
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needs further attention (Bidmon & Knab, 2014). It also replies to a recent inquiry 

by Greenwood, Hinings, and Whetten (2014) for a renewed appraisal of the effect 

of institutional settings on organizational forms. It contributes to business model 

literature by showing how PV business model setups vary and how they deal with 

various barriers for niche development. Next, I also challenge the assumption that 

governmental policies affect the entire business model, by showing how the 

regulatory regime affects business model designs differentially, at individual 

component level. Thereby I also reply to the recent call by Strupeit and Palm 

(2015) for research on the effect of socio-political contextual conditions on solar 

PV business model design. The empirical contribution can be found in the analysis 

of Solar PV market growth in two geographically close countries, the Netherlands 

and the Flanders region of Belgium, with highly distinct types and levels of 

shielding instruments in place leading to distinct market growth patterns over time 

(see Section 1.5 below). This leads to new theory building as well; this thesis thus 

has a combined inductive-deductive approach.  

1.5 Research methodology  

Case study design and selection  

Since this research is mainly exploratory in nature and describes a contemporary 

phenomenon that is not under influence of the researcher, the case study method 

was selected (Yin, 2002). This allows for incorporating different types of evidence 

(e.g. documents, interviews, observations; see below) for a thorough investigation 

of the studied case. Case studies allow for both inductive and deductive theory 

building (Eisenhardt & Graebner, 2007). In this thesis, two contrasting cases have 

been selected by following an extreme case study selection method for which a key 

variable is either high or low (Eisenhardt & Graebner, 2007; Flyvbjerg, 2006; 

Seawright & Gerring, 2008). This method is very suitable for exploratory research 

and allows for thorough investigation of contrasting patterns in empirical data and 

deep learning of the phenomenon under study. The two selected cases are the 

Netherlands and the Flanders region of Belgium, with relatively low and unstable 

and high and stable patterns of niche shielding in place over time respectively 

(Audenaert et al., 2010; Beliën et al., 2013; Negro, Alkemade, & Hekkert, 2012; 

Verhees et al., 2013). Both countries showed distinct market growth patterns over 

time. For the Flanders region of Belgium the market started to grow exponentially 

from 2007 onwards for small, medium and large systems, resulting in a top-3 

position in Europe in terms of installed capacity per inhabitant  in 2012 and a total 

installed capacity of 2 GW by 2014 (EPIA, 2013; VREG, 2015a). In 2012, a 

collapse in the level of the most important shielding instrument, the green 

certificate scheme, resulted in severe market stagnation  (Polfliet, 2012; VREG, 

2015a, 2015b). The Dutch Solar PV market started to grow later, from 2008 

onward, with continued exponential growth over time and a total installed capacity 

of about 1 GW in 2014, which could mainly be attributed to small and medium 

9



sized systems (CBS, 2015; Holland Solar, 2015; Segaar, 2014). In 2015 a 

cumulative total of 35 larger projects were implemented in the Netherlands ranging 

from 0,2 to 2,3 MWp and corresponding to a total of 12 MWp (SolarPlaza, 2015a).

Figure 3. Cumulative installed capacity in the Netherlands and the Flanders region of 

Belgium (CBS, 2015; VREG, 2015a). Note that for the Netherlands only aggregated data 

on installed capacity numbers are available (not for different segments).  

Research methodologies 

For this research a combined quantitative - qualitative (‘mixed methods’) approach 

was applied, which allows for a more thorough investigation than either of these 

two could provide individually (Molina-Azorin, 2012). Primary sources of data 

include semi-structured interviews with CEOs and project managers operating in 

the Netherlands and the Flanders region of Belgium during our time of study (see 

Chapter 3, 4 and 5 for details). The aim of the interviews was to learn more about 

typical business model setups and their interplay with the regulatory regime. 

Interviews were taped and transcribed, and interviewees were asked for permission 

for publication. Additionally, sector meetings have been attended, participants 

have been observed and field notes were made. Secondary sources of data include 

sector reports, websites, conference presentations, blogs, newsletters, newspaper 

articles, journal articles, national PV magazines, databases, legal documents and 

transcripts of parliamentary debates. Based on these data the different types of 

support instruments over time were mapped for both countries. I also calculated 

the levels of the different support instruments over time and analyzed the effect on 

the broader cost-benefit structure within the electricity system. Triangulation was 

done by interviewing national PV experts and by combining evidence from the 

different research methods as such increasing research validity (Greene, Caracelli, 

& Graham, 1989). The above mentioned researched methodologies  were  however  
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not suitable for answering Research Question 1. In order to answer this research

question available grid parity calculation methodologies were reviewed. 

Additionally, as indicated above grid parity is constructed in different ways by 

niche actors and therefore a discourse analysis on the concept was performed 

(Jorgensen & Philips, 2002). Below, I provide an overview of the different chapters 

in this thesis. 

1.6 Thesis outline 

“Achieve grid parity with the mainstream power 

generation techniques and the world changes.”  
(Levine, 2010)  

Grid parity embodies the promises that as soon as solar PV prices are equal to 

those of fossil alternatives the market will start to show exponential growth. 

However, in recent years the concept also was debated with actors doubting its 

usefulness and arguing for a broader analysis of barriers for market development to 

be overcome. Chapter 2 discusses the role of the grid parity concept in niche 

development and up-scaling thereby answering Research Question 1. The paper 

explores what is behind this concept by (1) analyzing the calculation methods for 

determining grid parity and (2) performing a discourse analysis to see how niche 

actors construct the concept in their daily lives (meaning, necessity, and usefulness 

of the concept). 

“The whole world is watching us!” 

(van Kooten, NRC next
2
, 7 juni 2012) 

Despite relatively low levels of support in place the Netherlands market for solar 

PV showed exponential growth from 2008 onwards. Chapter 3 presents an 

analysis of the Dutch solar PV market in the period 2008 until 2013 and focuses on 

explaining this growth pattern by studying the different types of PV business 

models that were experimented with in this period of time (Research Question 2). 

In order to put findings into perspective a broader analysis of cost-benefit 

structures in the electricity system is provided, especially focusing on the contested 

Dutch net metering scheme. Net metering is the financial billing of excess 

electricity produced by a solar PV system and delivered to the grid and electricity 

taken from the grid at times of low production. I also discuss learning and 

networking within the niche (i.e. niche nurturing processes). 

2
 NRC next is a national newspaper in the Netherlands. 
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“Annual growth rate of 350 percent expected 

for Dutch PV crowdfunding market for 

2015.” (SolarPlaza, 2015b)

Financing is considered as one the major barriers for renewable energy market 

development. Chapter 4 zooms in on a special type of business model in the 

Netherlands that could provide a solution: online crowdfunding for solar PV and 

wind (Research Question 2). The business model was implemented from 2012 

onwards and has shown exponential growth since then. The up-scaling potential of 

the business model is assessed using four proxies for up-scaling originating from 

transition studies: scale, learning, support of mainstream players and the 

government and heterogeneity in participants’ motivations for investment. Eight 

crowdfunding platforms for solar PV and wind are researched of which four are 

researched in depth by analyzing the support and heterogeneity proxies. 

“You analyze opportunities depending on 

regulations…Every market in Europe is different 

and this purely has to do with stimulation and 

regulation. You cannot roll out a uniform 

business model over Europe. This is just not 

applicable in the same way in different 

countries.”  
(Interview Solar Company A, Flanders region of 

Belgium, 2013) 

Chapter 5 presents an analysis of the development of the Flanders region of 

Belgium solar PV market from 2006 until 2014, the period of exponential growth 

and market collapse. In 2012, this resulted in a top-3 position in Europe for 

installed solar PV capacity per inhabitant (EPIA, 2013). The chapter provides a 

systematic chronological analysis of the different support instruments in place over 

time, as well as calculations on their relative contributions, and implemented 

business models in the Flemish solar PV niche, at the level of individual business 

model components (Research Question 3). Again, a broader cost-benefit analysis of 

the electricity system is made to put findings into perspective.  

“Because of too high levels of subsidy…there was 

no need to be creative with market concepts, this  

is only about to start.”  
(Interview Flemish PV trade association, 2012)  

12



Only when support levels in the Flanders region of Belgium decreased niche 

entrepreneurs started to think about creative business model setups for dealing with 

the regulatory regime. In the Netherlands, such strategies could be found from the 

early phases of niche development, because of the low and unstable levels of 

support in place.  Chapter 6 aims at answering Research Question 4 by analyzing 

niche empowerment strategies for dealing with the regulatory regime in both the 

Netherlands and the Flanders region of Belgium and their effect on niche business 

model design, on the level of individual business model components. This chapter 

is more theoretical in nature and aims to contribute to theories of niche shielding an 

empowerment as well as to business model literature by deep analysis of the 

interplay between the regulatory regime and business model design.  

The thesis ends with an overview of main conclusions and answers to the 

research questions, as such contributing to the overall aim of this research project 

which is to obtain a deeper understanding of solar PV market up-scaling patterns 

(Chapter 7). I will also discuss contributions to business model and transition 

studies literature, discussion of shortcomings of the research and potential future 

research areas as well as provide policy and management recommendations.  
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2. The power of grid parity:

A discursive approach
1
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 This chapter is based on: 

Hurtado Munoz, L.A., Huijben, J.C.C.M., Verhees, B. and Verbong, G.P.J. (2014). 
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Abstract 

In the debate around solar photovoltaic (PV), the concept of ‘grid parity’ has 

emerged as the dominant benchmark for competitiveness, while some even 

argue that it will determine the point in time after which the PV industry will 

boom. But more recently, others have called into question the usefulness of the 

grid parity concept. Yet despite its pervasive use and increasing contestation, the 

grid parity concept has not been systematically interrogated to date. This chapter 

makes two contributions towards that: first, to show how the grid parity concept 

emerged and how it is calculated and second, to explore the role of the grid 

parity debate in the solar PV field. The first contribution takes the form of a 

literature study of grid parity studies. To arrive at a meaningful estimation of the 

grid parity point, assumptions made in each step of the calculations have to be 

articulated and carefully evaluated. Nevertheless, this is almost never done: the 

grid parity studies, presentations and reports we reviewed invariably used the 

simplest representation available. We argue that their authors chose a simplified 

model for strategic reasons, e.g. to obtain (material and/or non-material) 

resources. This assessment leads to our second contribution: a discourse analysis 

of the grid parity debate. We distinguished ten key storylines and six discourse 

coalitions, comprised of actors who share a specific set of these storylines. 

Analyzing these storylines and coalitions, we show that while these actors share 

a common goal of PV up-scaling, they can have drastically different ideas about 

strategies to achieve this goal. Opening the black box of grid parity thus reveals 

tensions about preferred strategies in an otherwise seemingly homogeneous PV 

discourse. 

Key words: Photovoltaic, Grid Parity, Calculation Methodology, Discourse 

Analysis, Up-scaling Strategies. 
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2.1 Introduction: the role of grid parity 

Over the last four decades, a growing number of people have been advocating a 

change in the current energy system because of its unsustainable nature. At the 

current growth rate of energy consumption and of technology innovation, the 

world's capacity of meeting the needs of the future is insufficient. Geopolitical 

instability, fossil fuel prices, CO2 emissions, global warming and energy sources 

depletion are just some of the issues these actors use to argue that a transition to a 

more sustainable energy system is needed. Alongside efficiency increases, 

renewable energy sources like PV, wind, hydro and biomass should replace fossil 

fuel fired power stations. PV technologies are often argued to be an option with 

very high potential because the sun provides 10,000 times the planet's energy 

demand every day [1]. But despite this huge hypothetical potential and decades of 

policy support for the development of the PV technologies, they are not yet part of 

the existing energy regime [2]. This is often explained by the high production costs 

being the main barrier for market diffusion, but many additional barriers have also 

been identified: market barriers (e.g. market failures and distortions), institutional 

barriers (e.g. lack of legal frameworks and institutions), technical barriers (e.g. lack 

of codes, standards and skilled people) and social barriers (e.g. user acceptance and 

awareness) [3,4]. 

Nevertheless, in renewable energy literature, the debate around the 

development of PV has focused on its high up-front investment costs, the issue of 

when PV will become competitive, and what should be done to facilitate this (e.g. 

what technology to support or what kinds of support mechanisms to use). In this 

debate, the concept of “grid parity” has emerged as a key competitiveness 

indicator. Broadly speaking, grid parity refers to intersection of the price of the 

electricity generated by a PV system and the price of conventional electricity 

production. 

This concept has become widely accepted as a “milestone”, and sometimes 

even “holy grail” of the PV industry, even though it relates exclusively to 

economic and financial barriers. It is used by many actors for obtaining resources, 

managing expectations and steering activities within the PV sector, e.g. in the form 

of maps such as in Figure 1, which shows a seemingly inevitable ‘front’ of grid 

parity washing over Europe from the south where high irradiation levels lead to 

relatively low PV generation costs. As PV generation costs decrease over time 

countries with lower levels of irradiation also reach grid parity. 

The use of the  concept has been increasing over  time, starting around 2007 

(Figure 2). This figure shows the number of web search of the term “grid parity” in 

Google. The earliest source relating to grid parity was written in 2005. An article 

for the magazine “Frontiers, the BP magazine of technology and innovation” 

related grid parity with making solar PV competitive [6]. More recently however, 

the concept of grid parity has come to be contested by a growing number of actors 

who criticize its relevance. 
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Figure 1. The grid parity front moving over Europe. From top to bottom: grid parity in 

2008, 2010, 2015, 2020 and 2030 respectively [5]. 

Figure 2. Number of worldwide web searches on Google of the term “grid parity” 

(normalized at 100; absolute data not available). Image generated by: Google Trends. 

Yet despite its pervasive use by the solar PV community, and the increasing 

contestation, the concept of grid parity has not been critically interrogated to date. 

This chapter makes two contributions to this general aim by answering the 

following two questions: 

1. How did the grid parity concept emerge and how is the grid parity point

calculated?

2. What is the role of the grid parity debate in the PV field?

In Section 2.2, we articulate a conceptual framework and methodology for doing 

so: a discourse analysis. Section 2.3 addresses the first question by describing the 

roots of grid parity and critically evaluating its dominant calculation method. 

Section 2.4 then addresses the second question by examining the various 

storylines, actors and positions in the grid parity debate. Section 2.5 provides 

conclusions and discussion. 

24



2.2 Conceptual framework and methodology 

In everyday life, people engage in debates around topics in specific social 

contexts. Such debates can be driven by personal beliefs and interests that are 

usually shared by some and opposed by others. In such debates, actors express 

their beliefs, using language strategically in an attempt to convince others [7]. 

Among actors within the same social subsystem — such as the solar PV field — 

the language used tends to be similar: actors use a similar way of talking about 

and expressing their views of the world. Such a ‘way of talking’ is referred to as a 

‘discourse’ — e.g. a PV discourse. Discourses give meaning to the physical 

world, and this meaning depends on the social and cultural context in which the 

discourse is embedded. Discourse thus contributes to constructing reality, in the 

sense that things and concepts only gain meaning through discourse [8]. 

Discourse, then, is not only about talking but also about understanding: it is, 

broadly, a “particular way of talking about and understanding the world (or 

aspects of the world)” [8 pp. 1]. 

The concept of discourse has come to be used by various fields, including 

linguistics, psychology, sociology and political sciences. As such, different 

approaches to the analysis of discourse have been articulated. These approaches 

differ, among other things, on their levels of analysis, and their empirical focus 

(see [9–13]). For our goal of understanding the role of the grid parity debate in 

solar PV discourse, the work of Maarten Hajer is particularly interesting, because 

it uses a similar level of analysis and empirical case: he used discourse analysis to 

understand the role of the ‘acid rain’ debate in the 1980s environmental discourse 

[7]. Hajer [14] defined discourse as an “ensemble of ideas, concepts and 

categories through which meaning is given to social and physical phenomena, and 

which is produced and reproduced through an identifiable set of practices” [14 

pp.67]. In Hajer's discourse analysis, a researcher examines (written or spoken) 

statements, which typically take the form of ‘storylines’. A storyline is a 

“condensed statement summarizing complex narratives, used by people as ‘short 

hand’ in discussions” [14 pp. 69]. In any field, Hajer argued, there are several 

such storylines that fulfill a particularly important role [14 pp. 69]. Storylines are 

the medium through which actors try to convince others of their positions, suggest 

certain practices, and criticize alternatives [14 pp. 71]. Around such storylines, 

actors can form discourse coalitions. In Hajer's words, a discourse coalition is thus 

“the ensemble of a set of storylines, the actors that utter these storylines, and the 

practices through which these storylines get expressed” (14 pp. 71). Analyzing 

concrete utterances by PV actors can then reveal not only their constituent 

storylines, but also (the coalitions of) actors that rally around them [14]. So, in 

order to understand the role of the grid parity debate in the PV field, we make a 

two-stage analysis: 

 In the first stage, we address the first research question. Eleven grid parity 
calculation studies (see [15–25]) were found based on a literature study of
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scientific journals (e.g. Solar Energy), energy conferences (e.g. PV Solar 

Energy Conference and Exhibition) and technical reports. They were 

analyzed according to the methodology used, the assumptions made, and the 

factors included in the calculation methodology of the grid parity point. We 

describe the emergence of the grid parity concept from experience or 

learning curves; review the various options for calculating it; and critically 

evaluate the currently dominant method. 

 In the second stage, we make a discourse analysis based on  Hajer's

methodology [14 pp. 73]. This stage consists of six steps:

1. Using the search strings “grid parity”, “PV grid parity” and “break-even point”

on scientific, energy and technical trade journals (e.g. Energy Policy, Solar

Energy and Technological Management & Strategic Management), technical

reports, web sites (e.g. Assolare, EPIA, IEA, EuPd and EIA) and scientific

related magazines (e.g. Renewable Energy World, Future Photovoltaics,

Spectrum IEEE and Climate spectator) we identified (59) documents (at least

one article per actor)written by (45) actors
2
 from a variety of public and

private organizations actively concerned with the grid parity debate

2. We did a general survey of these documents in order to “come up with a first

reading” [14 pp. 73], examining the documents for their constituent storylines

[14 pp. 73] and coded these.

3. We then constructed a matrix of actors and storylines. Key storylines were

identified (storylines that exhibit a clear stance and define the stance of the

actor), and around them coalitions were constructed. This means that actors

that made use of that key storyline were grouped together into the same

coalition. Table 1 gives an example to illustrate this process. Storylines 2 and

3 are defined as the “key storylines”. Thus, authors 1 and 2 are grouped into

coalition 1 and authors 3 and 4 into coalition 2. This process is independent of

storylines 1 and 4. However, it does not mean they are not part of the analysis.

4. Based on this, we identified 6 groups (6 stances or key storylines) consisting

of actors and the storylines they shared. We take these as proxies for discourse

coalitions in the PV field.

2
Throughout the first stage of the research project (i.e. the grid parity calculation 

methodology), it was found that grid parity calculations were made before 2005 as well. 

However, these started as more simple break-even analyses and did not make use of the 

“grid parity” label as will be shown in the next section. Therefore, these were not included 

in the discourse analysis. Nonetheless, three calculation studies [22-24] were included that 

both used the term grid parity and showed a specific stance towards the subject. 
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5. In order to further verify our group selection, we triangulated [26] our 
identification of the various discourse coalitions by sending out a survey to 45 
stakeholders (including actors from each of the six groups identified, as well as 

a PV industry associations and PV companies across Europe). The survey 
contained a summary of our initial findings as well as a two-part questionnaire 
aimed at (1) validating our interpretations, and (2) adding any key storylines 
our initial analysis may have missed (response rate was 22.2%).

6. Fifth, we fed back interview and survey results into our categorization and 
interpretation and drew conclusions.

The results of the first stage of our analysis are detailed in Section 2.3. This 

section then provides a context for the results of the second stage in our analysis, 

which is presented in Section 2.4. 

Table 1. Mapping of authors and storylines. The authors and the storylines they share are 

referred to as the various ‘discourse coalitions’. Storylines 2 and 3 are identified to be key 

storylines. As a result, authors 1 and 2 (gray areas) are defined as coalition 1 and authors 3 

and 4 (dark grey areas) as coalition 2. 

Storyline 1 Storyline 2 Storyline 3 Storyline 4 

Author 1 X X 

Author 2 X X 

Author 3 X X 

Author 4 X X 

2.3 Emergence and calculation of grid parity: a critical evaluation 

The grid parity concept can be traced back to experience curve theory. This idea 

(i.e. experience curve) emerged first in psychology (1885) as a tool for memory 

studies and has been described by Hermann Ebbinghaus [27].  However, it was 

quickly translated to the study of economic and technical performance in industrial 

processes in the 1930s [28]. Here, experience curves illustrate the learning 

development process of an industry as experience is gained through repetition. 

These curves are constructed using empirical data usually simplified to a learning 

ratio (LR) or progress ratio (PR) (LR = 1 − PR). The two main uses for experience 

curves are (1) as a monitoring tool and a way to quantify the learning investments 

(i.e. investments required to bring down costs to a desired level), and (2) as a 

forecast tool (e.g. in energy models for technology development through its cost 

evolution [29]). An extensive literature on experience curves exists (e.g. [28–31]), 

and as such, many different mathematical models of experience curves have been 

articulated. Table 2 summarizes several of these.  

Despite of the great variety in possible models (see Table 2), we found that 

only the “log-linear model”, which also happens to be the simplest model in 

experience curve literature, is being used for grid parity calculations. Eq. (1) gives 

the mathematical representation of the model. 
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x 

y=   
 

  
  (1) 

with, C1 as the initial price or cost; x the cumulative production, sales or installed 

volume at a time t; X0 the initial cumulative production, sales or installed volume; 

and b (− 1 < b < 0) the rate of innovation or learning parameter. The latter 

represents the slope of the curve and is related to the progress ratio with the 

following equation: 

  =   (2) 

Nonetheless, other models make use of different parameters, which could give a 

better estimation. For instance, the two-factor learning curve includes cumulative 

R&D expenditures as a second factor besides the cumulative capacity. Eq. (3) gives 

the mathematical representation of this model. 

y=C1      (3) 

Here, KS represents the R&D knowledge stock and n the learning by searching 

index. The latter relates to the learning by searching progress ratio PRLBS in the 

same way as the rate of innovation relates to the progress ratio. Furthermore, 

exponential and hyperbolic models make use of exponential and  
   factors, 

respectively, with the aim to extract more information on the learning process and a 

more accurate estimation of the production rate. Another type of model is the 

differential model, which tries to describe better how the learning process occurs 

by the use of a differential multiplicative relationship. Finally, the second and 

higher models include a certain form of periodicity after fitting the time constant 

model to the data [28–31]. 

28



Table 2. Overview of experience curve models [32]. 

Learning curve model 

Log-linear models Log-Linear model 

De Joung model 

Stanford-B model 

S-curve model 

Plateau model 

Knecht log-linear model 

Yelle model 

Two-factor learning curve 

Multi-factor learning curve 

Exponential models Knecht exponential model 

Two-parameter exponential  

Three-parameter  exponential 

Constant time 

Hyperbolic models Two-parameter hyperbolic 

Three-parameter hyperbolic 

Differential model Differential model 

Second and higher order models Cherrington and Towill constant time model 

Hackett model with n=1 

In general, the PV industry's experience curve (log-linear model), when 

plotted on a logarithmic scale, see Figure 3, appears as a straight line with a 

constant learning rate of about 20% for every doubling of the cumulative capacity 

[29]. The extrapolation in time of the experience curve allows the calculation of the 

point (i.e.  cumulative production)  when the technology will reach a certain price. 

Applied to PV, experience curves are used in combination with market growth 

rates to estimate the year in which PV will cost the same  as  its  fossil  fuel  

alternative  (e.g.[16–18,21,30]):  a break-even point. For example, an estimation 

made by the International Energy Agency (IEA) in 2000 stated that PV modules 

would reach the break-even point around 2025, assuming an annual growth rate of 

15% and a learning rate of 20% [15]. 
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Figure 3. Solar PV break-even study, using log-linear model [15]. 

By the mid-2000s, this break-even point for PV came to be referred to as ‘grid 

parity’ (e.g. [22–25,33,34]). The earliest use of the term grid parity we found is in a 

2005 article in the oil and gas multinational BP's industry magazine Frontiers [6]. 

Broadly speaking, the term typically refers to intersection of the price of the 

electricity generated by a PV system and the price of conventional electricity 

production. Although exact definitions  vary  between  the  various  grid  parity  

studies (e.g. [35,36]), what these different definitions of grid parity calculations 

have in common is that they are all comparisons between the levelized cost of 

electricity
3
 (LCOE) of the PV technology and the LCOE of a competing 

technology or a grid electricity price. The methodology for calculating the grid 

parity year is shown in Figure 4. It starts with the extrapolation of the PV 

experience curve for a specific market. Next, the target price CT [$] (fossil fuel 

alternative price in Figure 2) has to be selected.
4
 Extrapolation of the experience 

curve to the target price determines the break-even market size XT [GW] (‘break-

even point’ in Figure  3) and the  learning  investments LI [$GW] (shaded area 

under the EC in Figure 3). With this required market size now determined, the final 

step is to use the technology's market growth rate to forecast when this market size 

will be reached (i.e. the point in time when grid parity will be reached). 

3
The levelized cost of electricity (LCOE) is the price at which electricity should be 

generated by a source in order to break even over its lifetime. It therefore includes initial 

investment, operation and maintenance, cost of fuel, cost of capital, the energy produced 

and the system lifetime. 
4

This target process corresponds to the LCOE of the competing technology or the grid 

electricity price.
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Figure 4. Grid parity calculation (schematic) [32]. 

Grid parity calculations have been made many times, and with widely different 

outcomes. We have analyzed a selection of 11 grid parity studies and made the 

following observations: 

 Despite the multiple different models available, only the log-linear model is

used. Therefore, unlike in other models such as two-factor LC (TFLC) and 

multi-factor LC (MFLC), RD expenditures, input price changes, and scale 

effects are not considered. 

 The learning rate is assumed to be constant and typically around 20%. However,

it is not clear for how long this rate can be sustained in the future. Market 

penetration is believed to be one of the reasons for the experience curve to 

flatten out. It is argued that cost reductions differ in rate according to the 

development stage of the technology [8]. 
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 A global value for market growth rate is typically assumed, despite such growth

rates being country- and technology- dependent. 

 The calculations typically either refer to crystalline silicon (c-Si) technology, or

specify no technology, while c-Si is just one of many possible PV 

technologies, which would arguably have different experience curves. 

 Although the experience curves should be constructed using cost data, price data

are typically used instead due to better availability. 

 Experience curves are typically constructed using price data for PV modules,

while the outcomes of the grid parity calculations claim to be for PV systems 

(of whose cost the module represents only around 50% — and moreover, this 

share likely decreases as module cost is reduced). 

 While electricity prices (i.e. target cost) are time-, technology- and market-

dependent, this is typically not included in the grid parity calculations — nor 

are specific policies (e.g. taxes) and support mechanisms (e.g. subsidies and 

feed-in tariffs). 

 While the PV system electricity price clearly depends on solar irradiation, and

is therefore time- and location-dependent, this is typically not taken into 

account — nor are system lifetime, system efficiency, degradation rate, rate of 

return on investment, or operation and maintenance (O&M) costs. 

 Grid connection costs are not taken into account in grid parity studies.

However, as the PV market is growing investments in an updated, heavier 

electricity grid are needed. Also, at some points in time, feeding back 

electricity to the local grid might not be desirable and will therefore be 

charged by the network operator. 

These observations highlight that while grid parity calculation seems 

straightforward and objective, it is decidedly not. To arrive at a meaningful result, 

assumptions made in each step of the calculations have to be evaluated carefully. 

Sensitivity analysis is required, as well as optimistic and pessimistic scenarios, to 

come to a meaningful grid parity estimation (which, for this reason, is more likely 

to be a range than a year). Nevertheless, we found that this is almost never done: 

the grid parity studies performed invariably use the simplest model available, and 

typically neglect the issues mentioned above. The grid parity estimations seem to 

serve the purpose of informing future PV competitiveness only, leaving out any 

unnecessary complexity. Moreover, when presented in reports (figures or tables) 

or during conference presentations its complexity is often even further 

diminished. Figure 1 is an example of this. It is being used to describe how PV 

systems will reach grid parity in Europe, through the forecasting of lower system 

costs, which will make PV generation progressively cheaper at lower solar 

irradiation levels and competitive in northern Europe as well. However, it fails to 

include factors like the electricity price increase, the type of PV systems, 

subsidies, etc. This situation has consequences for the debate around grid parity, 

as we will show in Section 2.4. 
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2.4 Role of the grid parity debate in the PV field: a  discourse analysis 

We refer to the different way that actors in the PV field talk about — and 

understand — solar PV technology broadly as ‘PV discourse’. As we are interested 

in the role of grid parity in the PV discourse, we analyzed a selection of written 

utterances by PV field actors in which the term grid parity is used (step 1; 59 

documents produced by 45 actors). This section contains the results of this 

analysis. 

2.4.1 Storylines 

Analysis of our selection of documents yielded ten different storylines which 

mobilize the concept of grid parity. Their main tenets are described here. For each 

of the storylines, we have added a quote from one of the related literature sources 

to indicate its essence. 

[1] Grid parity as the key milestone of the PV industry. “Solar photovoltaic (PV) 

power is set to achieve the environmentalists' holy grail of grid parity — the same 

cost price as fossil fuels — across the European Union by 2017” [37]. The actors 

that make use of this storyline (see [35,37–44]) in general argue that grid parity 

should be the main priority of the PV industry. By reducing production costs the 

industry gets closer to independence of incentives and subsidies: the point of self-

sufficiency. Additionally, after grid parity, there will be an increase of the demand 

(a ‘boom’) since the main barrier for mass adoption is long payback times (high 

system costs, resulting in high electricity cost). Furthermore, producing electricity 

at the same level as the grid conventional price means that PV technology is able to 

compete with the traditional energy sources, making it a viable option for 

centralized electricity generation (‘PV power plants’) as well. “Achieve grid parity 

with the mainstream power generation techniques and the world changes” [40]. 

[2] Cost reductions are not just needed in PV modules. “Cost parity for solar power 

cannot be attained solely through improvements in solar cells. The cells themselves 

account for less than 50% of system cost” [36].The main argument of this storyline 

is that in order to reach grid parity, cost reductions are needed in the system as a 

whole and not just in the modules. Module costs represent only half of the total 

system price: ‘Balance of system’ (BOS) components and installations account for 

the rest. Therefore, cost reduction through further development of BOS 

components is crucial. This requires R&D support and investments in the 

development of new materials; significant cost reductions are only achievable 

through this route. Furthermore, it is also important that the lifetime of the entire 

elements matches, as this  will reduce the operation and maintenance costs of the 

system, which in turn reduces electricity generation costs (see [6,36,38–40,45–

47]). 
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[3] The drivers of grid parity. “To encourage the use of PV, governmental agencies 

across the world are introducing various incentive mechanisms. Rising electricity 

prices coupled with increasing environmental concerns amongst consumers have 

also contributed to an increase in PV installations” [42]. This storyline argues that 

the main drivers of grid parity are higher electricity prices (i.e. political 

dimension), high solar irradiation (i.e. geographical dimension) and technical 

improvements. Grid parity is defined as the intersection between grid electricity 

prices and PV electricity cost. Higher electricity prices result in this intersection 

occurring at a lower cumulative capacity, which will translate into an earlier grid 

parity point in time. Additionally, higher solar irradiation and technical 

improvements will increase the power output of the system, reducing the 

generation costs thereby also bringing the grid parity point closer. This storyline 

connects PV to environmental concerns which are also part of the political 

dimension of each country: if the externalities related to CO2 emissions and 

environmental problems are included in the electricity price scheme, the PV 

industry would not need support. Thus, including externalities will bring closer 

grid parity (see [38,41,42,47–59]). 

[4] Grid parity is almost/already here. “The 2010s are characterized by ongoing 

grid parity events throughout most regions in the world, reaching an addressable 

market of about 75 to 90 percent of total global electricity market” [51]. This is a 

storyline about countries which very nearly will reach — or in some versions 

already have reached. For instance, it is argued by EPIA that grid parity will be 

reached in Spain, Italy and Germany by 2015 and in most of Europe by 2020. This 

storyline distinguishes between retail grid parity (between 2012 and 2015), and 

wholesale grid parity (around 2030). Thus, grid parity is not a single point in time: 

it should be seen as something that slowly evolves over a number of years across 

different markets and locations. Nonetheless, among actors using this storyline, 

there is no general consensus on where grid parity is going to be reached first, 

although the majority point to Italy (see [23,24,35,37,43,45,46,48–53,57,60–70]). 

[5] Subsidies, incentives and R&D support determine grid parity. “Unless 

governments continue and expand their financial incentives and policy mandates 

for solar energy, the recent high growth rate will not be sustainable” [71]. In this 

storyline, the PV industry is currently being driven by policy measurements that 

result in cost reductions in the PV system. Each country has different renewable 

and solar support mechanisms. Economic incentives, financing, subsidies, 

regulations and other mechanisms have a direct effect on the development of the 

industry, and on its market growth. They are driving the cost reductions of the 

industry and cancel out market externalities, thereby determining how fast grid 

parity is reached. Without them, most PV markets would not exist. In addition, the 

storyline warns about the effects of cuts in these mechanisms: uncertainties related 

to their future can endanger reaching grid parity. Crucially, the storyline argues that 

supporting the PV industry makes sense since oil and natural gas have been the 
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main beneficiaries of energy incentives [49]. In this storyline, FiTs (feed-in tariffs) 

are commonly cited as effective mechanisms, removing price uncertainties of the 

market. Even after grid parity has been reached, this mechanism should continue to 

help ensure that manufacturers keep reducing prices, to avoid industry stagnation 

[56]. However, recently, Germany's FiTs cuts have drawn much criticism, and the 

Spanish case is commonly cited as an example to show the potential problems that 

these actions can bring on the industry (i.e. slower growth rates). Some actors using 

this storyline therefore claim that zero interest financing of investment costs could 

be a better incentive mechanism than FiTs [47]. This storyline also calls for further 

developments in terms of support mechanisms, e.g. R&D support for new materials 

to cope with the increased demand [30], and policy incentives for addressing 

barriers like upfront costs [71] (see also [6,39,42,48,49,52,53,57,60,61,64,65]). 

[6] Grid parity as one of the PV industry's milestones. “Policymakers, however, 

must recognize that dropping costs in solar technology will not automatically 

resolve our energy problems. If policymakers wish to help distributed solar 

technologies across the chasm into commercialization, political mandates to further 

encourage their adoption would be necessary” [71]. In this storyline, grid parity is a 

useful benchmark, but for a robust indicator of competitiveness, a more complex 

formulation is needed [46]. It also argues that grid parity's impact on demand is 

overestimated — a common example is the Hawaii solar thermal market: despite 

grid parity, solar heat systems are still not dominant, because of a chasm between 

‘visionary’ and ‘mainstream’ consumers in Hawaii, which grid parity did not 

manage to bridge [71]. This storyline, too, argues that cost competitiveness is not 

the only barrier for the mass adoption of a technology like PV, and highlights that 

barriers like high upfront costs, long rate of return on investment, and unfamiliarity 

with the technology need to be addressed as well.  Customers need a compelling 

reason to buy and consumer behavior change is needed. A common metaphor used 

in this storyline is that of the green banana: despite the obvious long-term benefits, 

people want the yellow banana now [50]. Additionally, it is argued that current 

market growth is artificially high, and not global: the PV industry is growing in a 

limited number of countries due to their specific support mechanisms. For the 

industry to become mainstream, the technology should be widely spread around the 

world (see also [50,52–55,57,58,60,61,70–72]). 

[7] Shortcomings of the grid parity concept and the industry. “The first 

shortcoming in this definition
5
 is that it uses a flat tariff for grid electricity as the 

basis for comparison. Wholesale electricity prices vary considerably throughout 

the day. A flat tariff, regulated in many jurisdictions, obscures the time-dependent 

cost of electricity” [72]. This storyline highlights the shortcomings and missing 

5
The definition at which the author makes reference is the following: “The common 

definition of grid parity compares the Levelized cost of PV generated electricity with the 

prevailing retail tariff simply because this is how the customer would be charged if the 

electricity was purchased from the grid” [72 pp. 3]. 
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points of the concept of grid parity. Unlike, storyline 6, this storyline focus on the 

concept itself and what is missing to be a better benchmark, rather than on the 

other milestones needed to start the up-scaling process. First of all, the industry's 

market is limited by the demand's growth rate and by competition with other 

energy technologies. PV will still need to compete with the other technologies after 

grid parity: this means that not all the new required capacity will be supplied by 

PV. Additionally, the grid parity concept has several fundamental problems. First, 

grid parity calculations fail to recognize grid connection costs (transmission and 

distributions networks which interconnect the systems), which represent 45% of 

the grid electricity price [72]. These costs are important especially for PV 

technologies, due to the fact that without energy storage technologies PV systems 

are not able to meet the total energy demand of any user. Second, the grid parity 

calculation methodology uses a flat tariff (during a day) as a basis for comparison, 

which obscures the electricity cost's time-dependency. And finally, analyses are 

usually made based on the module production cost, but this is not the price at 

which the modules nor the systems are sold to the end consumers (see also 

[59,71,77]). 

[8]  Problems  after  grid  parity.  “The  question,  though,  is whether First Solar or 

any other solar manufacturer would be able to handle the flood of orders that would 

ensue if they reached competitive cost. At that point, it comes down to a matter of 

having enough of raw materials” [39]. This storyline argues that, while after 

reaching grid parity demand for PV systems will indeed increase, this might not be 

a good thing if the industry is not prepared for it. First, an increase in demand will 

create a higher pressure on raw material supply, which will lead to a fluctuation in 

the system prices depending on the suppliers' capacity (or willingness) to meet 

increased demand. Second, increased demand will result in problems with grid 

capacity (the network's ability to cope with the extra and varying energy flow): the 

intermittent nature of distributed PV will result in congestion and overloading of 

transmission and distribution lines. Additionally, the uncontrollable nature of the 

power generation of PV leads to uncertainties in the base load generation, which in 

turn leads to economic losses (this issue highlights the necessity of short-term 

energy storage [60]). Third, there will be economic repercussions: high PV 

penetration means the displacement of conventional generation technologies, 

which need to be on standby mode in case solar irradiation is not high enough. 

These technologies need to be financially compensated. Furthermore, extra 

network infrastructure costs are brought as a consequence of meeting the above 

grid capacity issues mentioned. These costs then may need to be recovered through 

a higher tariff applied to the electricity bought from the grid. Finally, problems 

such as the industry's dependence on subsidies, support and incentives have 

resulted in specific consumer behavior (a profit mentality), which means that 

people are looking at PV as a money-making opportunity. While this may be true 

under the current pricing schemes (FiTs), it may not be so after grid parity (see also 

[39,43,56,72,73]). 
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[9] Grid parity as an outdated and harmful concept. “Lack of support for 

incremental improvements, too much focus on champion cell results, and using 

announcements and roadmaps as data have placed the PV industry — and all solar 

— firmly on the slippery slope of unmet expectations. Profit, or simply breaking 

even, is sacrificed on the altar of grid parity” [74]. The core of this storyline is that 

a new target is needed. While the storyline argues that the development, support 

and use of PV technology are desirable, it questions the relevance and use of the 

grid parity concept. First, it is argued that it is impossible to get a complete and 

coherent picture of the industry's cost–price development process, because the 

price dynamics are now too fast and complex when taking into account the 

complete value chain (e.g. large number of manufacturing process, multiple 

components, choice of distribution channels and market differences). It argues that 

grid parity has been useful as an abstract metric for R&D programs and as a tool to 

legitimize support for the PV industry. However, it has become outdated as a tool 

for policy decisions because it is based on constantly outdated data [75]. Grid 

parity is pressing companies to reduce their production and operation costs, which 

results in continuous shakeouts and decreased opportunities for start-ups. The 

promise of being competitive without subsidies reduces the opportunity for 

companies to enjoy revenues necessary in any industry to guarantee stability. In 

this situation, only stable well-established companies can survive. The storyline 

argues that the promise of grid parity is ‘blackmailing’ the PV industry: 

continuously lower prices, or the incentives necessary to stimulate demand will be 

removed [76]. As a consequence, the storyline argues that the industry requires a 

new focal point, away from grid parity. Instead, the industry should focus on 

developing markets without incentives, reducing the high upfront costs, and 

addressing the various other market barriers. Additionally, before even talking 

about cost competitiveness, the industry should address market externalities like 

CO2 abatement costs. By not including such negative externalities in the current 

energy market, customers tend to pay too little for what they are getting (electricity 

from fossil fuel sources). If the benefits of renewable technologies would be 

included, it would make sense to pay more for PV electricity (see also [74,77]). 

[10] Grid parity excludes off-grid markets. “Prerequisite for grid-parity analysis is 

access to an electric grid….However grid-parity concept makes no sense for people 

without access to electricity, but most of them live in areas of excellent solar 

conditions, hence highly economic off-grid PV systems are a best adapted and least 

cost solution for their energy needs.” [sic] [33]. This storyline, too, challenges the 

usefulness and relevance of grid parity in the actual PV context. One highlighted 

issue is the exclusion of the off-grid markets: while there is a huge potential market 

for PV systems in off-grid applications, especially in developing countries [75], 

grid parity definitions explicitly require the connection to the electrical grid. This 

obscures the potential social benefits of PV systems in the local development 

process of developing societies (see also [78]). 
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2.4.2 Discourse coalitions 

In the next step, we researched the documents by 45 actors, checking their names 

and institutional affiliations. We found three broad categories of actors: (1) 

private persons (e.g. scientists, journalists, PV enthusiasts), (2) industry actors 

(e.g. manufacturers, installers, R&D companies) and (3) PV trade association 

actors (e.g. EPIA, Assolare).
6
 Making a matrix of these actors and the various 

storylines in the documents they authored (as in the example of Table 1) yielded 

six discourse coalitions: combinations of actors and shared storylines. Results are 

shown in Table 3 and visually summarized in Figure 5. 

Figure 5. Coalition diagram: circles (with letters) correspond to discourse coalitions; black 

dots (with numbers) correspond to storylines. The size and shape of the circles are not 

meaningful. The diagram was constructed with the sole purpose of showing how a few 

storylines separated the different coalitions, and that mutual understanding and discourse 

affinity is found in the debate. General beliefs are shared across the analyzed actors, but 

some core beliefs bring them apart and create the debate. 

6
 This classification is the result of an ex post grouping rather than an ex ante one. This 

means, that first the document research was made, and then traced the authors’ institutional 

affiliations. 
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Several storylines are shared among most actors (e.g. “Cost reductions are not just 

needed in PV modules”; “the drivers of grid parity”; “grid parity is almost/already 

here”; and “subsidies, incentives and R&D support determine grid parity”), 

indicating a general agreement over some elements in the grid parity debate. 

Nevertheless, some storylines are shared by only a few actors (e.g. “grid parity as 

the key milestone of the PV industry”; “grid parity as one of the milestones” and 

“grid parity as outdated and harmful concept”). The majority of actors are most 

interested in when the grid parity point is going to be reached (coalition C and 

storyline 4). When looking at the institutional affiliations of actors that form that 

coalition, it has the highest participation of industry members. This is not 

surprising, since under any definitions of grid parity, ensuring that PV technology 

keeps lowering its production cost ensures market growth. Thus, the commitment 

from industry members towards reaching grid parity is to be expected. 

Table 3 and Figure 5 clearly show that several storylines are shared - not 

only by actors within a discourse coalition, but also between coalitions. Storylines 

2, 3, 4 and 5 are the most shared, while storylines 1, 6, 9 and 10 are shared the 

least. Each of the six discourse coalitions identified uses a similar set of storylines, 

only being separated by one or two divisive storylines that keep them apart. For 

example, coalition A (“grid parity as the key milestone of the PV industry”) and B 

(“grid parity as one of the PV industry's milestones”) only fundamentally disagrees 

on the relevance of the grid parity point for the industry: 

 Coalition A sustains that grid parity is the milestone of the industry and

therefore all efforts should be concentrated on reaching it. However, they 

recognize that cost reductions are required not just in the modules but in the 

whole system, and that there might be problems after reaching grid parity (e.g. 

grid capacity and raw material supply). When looking at the type of actors that 

form this group they are mostly private persons, writing for technical 

magazines. 

 Coalition B argues that, despite the fact that reducing production costs is a good

thing for the industry, other issues should be addressed before subsidies and 

incentives are removed in order to ensure mass adoption. Therefore, they also 

engage in discussion about what the grid parity concept is ‘missing’. We 

interpret this to mean that as the promised grid parity point (in some of the 

more optimistic assessments) approaches, other barriers come into focus. 
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Table 3. Discourse coalitions and storylines (the number in the square brackets represents 

the storyline number, as listed in Section 2.4.1. 

Discourse 

coalition 

No. 

actors 

Storylines shared (No. actors) 

A Grid parity as 

the key milestone 

of the PV industry 

9 [1] Grid parity as the key milestone of the PV industry (9) 

[2] Cost reductions are not just needed in PV modules (3) 

[3] The drivers of grid parity (3) 

[4] Grid parity is almost/already here (3) 

[5] Subsidies, incentives and R&D support determine grid 

parity (2) 

[8] Problems after grid parity (3) 

B Grid parity as 

one of the PV 

industry's 

milestones 

11 [6] Grid parity as one of the PV industry's milestones (11) 

[2] Cost reductions are not just needed in PV modules (1) 

[3] The drivers of grid parity (5) 

[4] Grid parity is almost/already here (6) 

[5] Subsidies, incentives and R&D support determine grid 

parity (4) 

[7] Shortcomings of grid parity concept and the industry (2) 

C Grid parity is at 

hand 

16 [4] GP is almost there (16) 

[2] Cost reductions are needed not only in the PV modules 

(2) 

[3] The drivers of GP (3) 

[5] Subsidies and incentives are important for the industry 

(4) 

[10] Grid parity excludes off-grid markets (1) 

D Grid parity, 

useless and even 

harmful concept 

3 [9] Grid parity as outdated and harmful concept (3) 

[8] Problems after grid parity (1) 

[7] Shortcomings of grid parity concept and the industry (1) 

[10] Grid parity excludes off-grid markets (2) 

E Cost reduction 

not only in the 

modules 

2 [2] Cost reductions are not just needed in PV modules (2) 

[5] Subsidies, incentives and R&D support determine grid 

parity (1) 

F The drivers for 

grid parity 

4 [3] The drivers of grid parity (4) 

[5] Subsidies, incentives and R&D support determine grid 

parity (2) 

[7] Shortcomings of grid parity concept and the industry (1) 

[8] Problems after grid parity (2) 
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Nonetheless, the majority of the actors seem to be concerned about when the grid 

parity point is going to be reached. Coalition C (i.e. grid parity is at hand) is 

formed by 16 actors. When looking at the type of actors that form this group, it has 

the highest participation of industry members [32]. This is not surprising, since 

under any of the definitions of grid parity, ensuring that PV technology keeps 

lowering its production costs ensures market growth.  Thus, the commitment from 

industry member towards reaching grid parity is to be expected. The remaining 

three coalitions D (i.e.  grid parity,  useless  and  even  harmful  concept),  E (i.e. 

cost reduction not only in the modules) and F (i.e. the drivers for grid parity), are 

relatively small in sample, composed of about 11% of the authors: 

 From our data, we were not able to deduce a clear position towards the

question of the relevance of grid parity for coalitions E and F. An argument 

could be made for omitting them as distinct coalitions, as all shared storylines 

in these coalitions are already ‘covered’ by other coalitions (see: Figure 5). 

However, we opted to conceptualize them as distinct coalitions because, 

importantly, they do not share the two storylines that distinguish between 

coalitions A and B (storylines 1 and 6, respectively). 

 Coalition D, however, on  the other hand, adopts a clear position in the grid
parity debate: it questions the usefulness of grid parity and criticizes the 

ubiquitous focus of the concept. Actors in this coalition reject its use, however, 

for different reasons. For instance, it is argued that the shift of focus from 

industry failures toward a cost target is harmful for companies in the sector and 

that there is the need for a new target. Starting companies are not having the 

required conditions to succeed, or maintain themselves in the market, due to 

constant pressure (i.e. cost reductions) from well-established companies. 

Therefore grid parity is harmful for the industry, and support should focus on 

new companies instead of making the strong ones more cost effective. 

This classification was supported by the answers provided by several actors to the 

survey sent to them. As mentioned before, in order to triangulate [26] our 

identification of the various discourse coalitions, a questionnaire was sent to 

different stakeholders (including actors from each of the six groups identified, as 

well as PV industry associations and PV companies across Europe). This 

questionnaire was formed by a set of general questions, with the objective of better 

understanding the actor's position towards grid parity. From their answers, it was 

clear that there were three main opinions regarding the concept. Some of the 

stakeholders consulted agreed that grid parity indicates the starting point for the up-

scaling process (i.e. mass adoption). Some others indicated that grid parity has 

served its purpose, but that now the time has come to move to the other barriers 

that need to be addressed before mass adoption can take place. Finally, there was a 

group of  stakeholders  that  rejected the use of the concept, either because of the 

shortcomings of the concept or because it is still far away from being achieved. 
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Thereby, the questionnaire confirmed the existence of coalitions A, B and D. 

Regarding the remaining three coalitions (i.e. C, E and F), while the questionnaires 

did not allow to confirm their existence, the document analysis conducted for the 

discourse analysis showed enough evidence to keep them as separate coalitions. 

2.5 Conclusions and discussion 

The concept of grid parity appears to be used exclusively by proponents of solar 

PV technology. Adopting a role in a way quite similar to ‘acid rain’ in 1980s 

environmental discourse [7], ‘grid parity’ is used by actors in the PV field as a 

short-hand ‘cue’ to evoke a specific, more complex, narrative in other actors' 

minds. And again as in Hajer's ‘acid rain’ study [14], this assumption of mutual 

understanding is demonstrably false. We have shown the term, which is commonly 

understood as referring to the point in time when solar PV electricity costs the 

same as competing conventional sources or the grid electricity price, to be only 

deceptively simple: to arrive at  a  meaningful estimation  of  the grid  parity point, 

assumptions made in each step of the calculations have to be articulated and 

carefully evaluated. Nevertheless, we found that this is almost never done: 

scenarios are made without clear information or justification of the assumptions 

made, and the grid parity studies performed invariably use the simplest model 

available of grid parity as a ‘black box’ with three inputs (solar PV market growth, 

learning rate and electricity price) and one output (the grid parity year). Using the 

term this way is a political act, which obfuscates issues such as the following: 

Which PV technology? Which conventional source it is compared to? Which grid 

electricity price? Are externalities being internalized? 

We have used a discourse analysis to open up this black box. Our analysis 

has yielded ten storylines and six actor coalitions (which are ensembles of actors 

and the storylines they share). Yet mapping these storylines and coalitions reveals 

that, while several storylines are shared by multiple coalitions, others are not. 

These are what we call divisive storylines, which indicate (and advocate) different 

strategies for the future of solar PV. We have shown that PV discourse is not 

homogeneous, and that analyzing the grid parity debate reveals tensions and 

conflicts in the PV community about future directions. 

We have found that the majority of actors in what we have called 

coalitions A (“grid parity as the key milestone of the PV industry”), C (“grid parity 

is at hand”), E (“cost reduction not only in the modules”) and F (“the drivers for 

grid parity”) indeed use the term as a black box, providing either no concrete 

definition of grid parity or the very simplest one. This ‘version’ of grid parity 

promises competitiveness, mass adoption and self-sustainability (i.e. no need of 

incentives and support mechanisms) and gives a positive perspective of the 

industry's future, showing that it will become an economically viable option. It 

helps to articulate positive expectations in the industry and legitimizes 

mechanisms, reduces uncertainties about future performance and attracting new 

actors. It is believed that after reaching grid parity, the industry will experience a 
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boom in the demand. 

Yet different storylines have emerged as the predicted grid parity point 

approaches and these promises do not seem to materialize. Actors who argue that 

reaching grid parity will not be enough for PV to become a success reframe grid 

parity, (re-)introducing some of the complexity to ‘fix’, or even arguing that it is 

harmful as it might blind actors to the other barriers and issues necessary for the 

up-process of the PV industry. The majority of actors in what we have called 

coalitions B (“grid parity as one of the PV industry's milestones”) and D (“grid 

parity, useless and even harmful concept”) do highlight these issues and expose the 

underlying complexity of the concept. 

The degree of ‘vagueness’ that actors display in using the concept of grid 

parity is thus indicative of their preferred strategy for the PV industry: a more 

complex definition of the concept emphasizes that there are issues and blank spaces 

to be filled, while a more simple (or no) definition avoids any discussions and 

highlights the apparent inevitability of grid parity. The ‘vagueness’ with which the 

grid parity concept is predominantly used, has, in a sense, been valuable. In Hajer's 

terms, the fact that the assumption of mutual understanding (when using the 

concept) is false, “can be very functional for creating a political coalition.…people 

that can be proven to not fully understand one another can nevertheless together 

can produce meaningful political interventions” [14 pp. 69]. 

The ubiquitous use of ‘the simple version’ of grid parity has focused 

attention squarely on the economic and financial barriers that PV technology faces. 

This has gone at the cost, however, of attention for other barriers. Actors who seek 

to emphasize these other barriers, thus need to marginalize or delegitimize (the 

hegemonic version of) the grid parity concept by attempting to fill it with a more 

precise, and more complex, meaning. This is how we understand the role of the 

grid parity debate: as a key ‘battleground’ in a broader discursive conflict over the 

optimal PV up-scaling strategy. The concept of grid parity has served the purpose 

of obtaining resources (e.g. via support mechanisms) and steering/guiding activities 

(as a heuristic). However, while doing so, much of its complexity is left out as this 

does not serve the message about PV competitiveness that actors want to make. 

This conclusion is supported by the fact that grid parity calculations only use the 

relatively simple log-linear model and exclude many variables. However, this does 

not mean that actors doing so are unaware of the complexity of the concept: their 

simplification of it is strategic Interestingly, our discourse analysis of the grid 

parity debate revealed a plethora of ideas on PV up-scaling strategies. By opening 

up the black box of grid parity we revealed tensions about preferred strategies in an 

otherwise seemingly homogenous PV discourse. 

However, we also make the following qualifications. First, the fact that all 

actors who use the grid parity concept seem to be generally in favor of PV may 

stem in part from the databases used for acquiring the written utterances for our 

discourse analysis. Second, some discourse theorists (e.g. [14]) argue that because 

discourse is reproduced through an identifiable set of practices, one should 

examine these practices in conjunction with written utterances. While our analysis 
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of the written utterances by 45 actors was methodical, our exploration of their 

practices (e.g. dissemination of the discourse through presentations etc.) was rather 

ad-hoc, and so, we cannot claim to have mapped their practices systematically. 

Third, we would briefly address our own role in determining the boundaries of the 

grid parity discourse. As Jorgensen and Phillips argued “(…) a discourse is not 

something that the researcher finds in reality, rather, it is constructed analytically 

with a point of departure in the research questions” [8 pp. 147]. In this perspective, 

discourses do not independently ‘exist’ (which would amount to reification of 

discourse). Instead, they are analytical categories (co-)constructed by their 

researchers. This means, however, that these researchers “…have to establish…that 

the delimitation they have made is reasonable. Delimitation can begin with the aid 

of secondary literature that identifies particular discourses, but obviously the work 

continues in the analysis of the material”. We believe we have met this criterion by 

first engaging in a critical assessment of the evolution of the grid parity concept in 

Section 2.3, which indicated that conceptualizing grid parity as a discourse would 

be meaningful. Subsequently, in our analysis in Section 2.4, we then proceeded to 

explore its constituent storylines. 
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3. Breakthrough without subsidies?

PV business model experiments in the 

Netherlands
1

1
 This chapter is based on: 

Huijben, J.C.C.M. and Verbong, G.P.J. (2013). Breakthrough without Subsidies? 

PV Business Model Experiments in the Netherlands. Energy Policy, 56, 362-370. 

49



Abstract 

Despite a lack of steady governmental support for PV in the Netherlands over the 

last decade, from 2008 onwards an increased number of initiatives started 

experimenting with new business models for PV. Though absolute numbers of 

installed capacity are still low, this is a promising sign. In this chapter we aim to 

contribute to the understanding of these developments by using insights from both 

business model and transition studies literature (i.e. Strategic Niche 

Management). By performing a literature study and a series of interviews we 

found three main types of business models: Customer-Owned, Community Shares 

and Third Party. Financial viability of these was found to be heavily dependent on 

net metering regulations which are surrounded by uncertainty and struggle about 

its meaning and application. Also, the overall PV niche is maturing. We found 

several local and national organizations lobbying for expansion of the space for 

PV business model experiments and enabling knowledge sharing and networking 

between initiatives. Furthermore, a number of regime players is getting involved 

in the PV niche. Considering the current economic turndown and related subsidy 

cuts in many other countries we believe the Netherlands, with its relatively poor 

and unstable support system, could serve as an example. 

Key words: Dutch PV Market, Business Model Experiments, Up-Scaling. 
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3.1 Introduction 

Over the last decades it has become increasingly clear that our fossil fuel based 

energy system is unsustainable. Depletion and uneven distribution of resources as 

well as air pollution by combustion of fossil fuels and climate change have fostered 

the search for a transition to a more sustainable system. Solar energy or 

PhotoVoltaics (PV) is a very promising option. It has by far the largest potential 

and, after a few decades of development, it has become a proven technology that 

can contribute to energy security in all countries; it also does not produce any 

harmful emissions in the operational phase (EPIA and Greenpeace, 2011). The 

main barrier to a large scale application of PV has been the high costs of the 

electricity produced. However, in recent years, there has been a dramatic change. 

Continuous growth has resulted in a total installed capacity of 40 GW in 2010 

globally (EPIA, 2011) corresponding to a seven time increase compared to 2005 

(REN21, 2011). About 30 GW could be contributed to the European Union (EPIA, 

2011). In 2011 this number increased to an installed capacity of 69 GW of which 

Europe retained  the major share of 51 GW (EPIA, 2012). However, the European 

market is very unbalanced with only a handful of countries like Germany and Italy 

dominating the market in 2011 (EPIA, 2012). This can be explained by the 

favorable Feed-In-Tariff (FIT) policies that these countries have in place 

(Schleicher-Tappeser, 2012; Timilsina et al., 2012). These policies have created a 

large market for PV and production capacity has increased dramatically, in 

particular in China. As a result, prices of PV modules have come down 

substantially from more than $4 per Wp in 2008 to less than $1 per Wp by January 

2012 (Aanesen et al., 2012). However, not every PV module producer could keep 

up with the reduction of costs, leading to pressure on profit margins and a major 

shakeup of the industry. Additionally, because of the economic crisis subsidies are 

cut in many countries leading to a decreased demand as well. As a result many 

solar energy manufacturing companies have gone bankrupt in the last years 

(Aanesen et al., 2012).  

Compared to Germany or Italy, the Netherlands has only a minor share 

with a total installed capacity of just 130 MW in 2011, corresponding to only 0.3% 

of the total renewable energy, which is less than 0.02% of total energy demand 

(CBS, 2012a). The Dutch PV sector puts the blame on government policy. From 

2003 until 2008 there has been no governmental support for PV; as a result only a 

minor growth was observed (KEMA et al., 2010). In 2008 the ‘Stimulering 

Duurzame Energie’ (SDE; Stimulation of Renewable Energy) subsidy scheme was 

put in place by the national government and an increase in installed PV systems 

could be observed. However, there have been several problems with this SDE 

subsidy scheme. There was considerable interest but only a limited amount of 

money was available. There were also many complaints about the difficult and 

rather bureaucratic nature of the whole procedure. From the 69 MW of total 

accorded applications in 2010 only 18 MW had been installed in March 2011 

(AgentschapNL, 2011). Moreover, it has been argued that the SDE subsidy scheme 
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actually limited market growth because of a loss of motivation for investing in PV 

by parties that were excluded from the subsidy scheme.
2
 In July 2011 a new 

subsidy scheme was  introduced (SDE þ ) but now the government focused on the 

cheapest renewable energy technologies available (Verhagen, 2010). Also, only PV 

systems larger than 15 kWp were included (AgentschapNL, 2012). Although a 

total of €1.5 billion was reserved, just €35 million has been granted to solar PV

projects. For 2012, regulations for PV even became stricter as no  subsidies are 

granted to small scale users (maximum 3*80 A connection; households and SMEs) 

since these are already profiting from net metering regulations (Verhagen, 2011). 

Net metering is the financial balancing of electricity taken from and provided to the 

grid on the energy bill (Würtenberger et al., 2011). A combination of increasing 

electricity and decreasing PV system prices has made net metering a central issue 

in recent years. In April 2012, the Dutch national cabinet fell. After this, several 

political parties gathered together to form a temporary coalition with the Spring 

Agreement as an outcome. In  this  agreement  a new subsidy scheme for PV was 

included. From July 2012, households could apply for a 15% reduction in the costs 

of a PV system with a maximum of €650. For 2012 a total of €22 million has been

reserved  (Verhagen, 2012). The weak support and frequent changes in policy have 

been singled out as the  main reason why the contribution of  renewables, including 

PV, to the Dutch electricity production is one of the lowest in Europe (CBS, 2012a; 

Verbong et al., 2008).  

Despite this, from 2008 onwards an increased number of initiatives has 

started experimenting with  new ways to create  viable business models for PV in 

the Netherlands in order to increase the PV market share in the Dutch energy 

supply system. For 2012, these initiatives are expected to create an extra installed 

PV capacity of 42 MW (Segaar, 2012). Although the total amount of installed 

capacity is still low, this is a promising sign.  So how can we understand these new 

market developments? Is this the way forward in a time where subsidy cuts have 

led to crumbling PV markets in many other European countries?  

Also, from 2009 onwards venture capital firms started to focus their 

investments in downstream PV business models rather than in low profit 

manufacturing companies (Aanesen et al., 2012). However, the development of 

such innovative business models is not straightforward. Because of rapidly 

changing contextual conditions, business models cannot be fully anticipated in 

advance and therefore learning and experimenting are essential (McGrath, 2010; 

Mullins and Komisar, 2009). Such business model experiments can take place both 

within and between firms. By performing business model experiments new 

business opportunities can be found or even created (Chesbrough, 2010; 

Osterwalder and Pigneur, 2010). However, despite the growing body of research in 

this field, empirical data for support of the above findings are still limited.

Business model experiments have been a new topic of research in the field 

2
  Data acquired from Lemmens, J.H..J., Ende van den, C.H.C., Verbong, G.P.J. and 

Huijben, J.C.C.M., 2011. Status report PV 2010 for the Dutch ministry of economic affairs, 

agriculture and innovation, confidential. 
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of sustainability transition studies as well. This field of research studies socio-

technical transitions, structural changes in the way societal functions like mobility 

or energy supply are being performed (Geels and Schot, 2010). Radically new, 

sustainable technologies like PV emerge in protected spaces called niches. 

Strategic Niche Management (SNM) focuses on the analysis of niche 

developments. Niches provide promising technologies with the opportunity to 

develop, but to become mainstream the experiments need to be up scaled. In this 

context, SNM scholars recently started exploring the role of business model 

experiments in sustainability transition pathways as well (Cheschin, 2012; Geels, 

2011; Jolly et al., 2012; Raven et al., 2008). 

With this chapter we aim to contribute to the further understanding of the 

role of business model experiments in up scaling processes and socio-technical 

change. We will analyze a set of business model experiments for PV in the 

Netherlands using insights from both business model and Strategic Niche 

Management. In the following section relevant insights from both business model 

and strategic niche management literature will be further discussed. Next, we will 

discuss the method that has been used for data collection, and present the main 

results. The chapter will end with a discussion and conclusion section. 

3.2 Theory 

3.2.1 Business models 

Business model research started gathering momentum in the mid 1990s (Zott et al., 

2011). Since then, the concept increasingly gained attention from both practitioners 

and academics. However, the concept is still under development and there is no 

clear uniform definition of the concept yet (Burkhart et al., 2011; Klang et al., 

2010; Zott et al., 2011). While in the beginning mainly textual definitions were 

used, more recently business models started to be considered as being built up of 

several interdependent components (Burkhart et al., 2011). A large number of 

business model components has been defined but there is no consensus on which 

set to use and research on business model component interdependencies is lacking 

(Burkhart et al., 2011; Klang et al., 2010). However, despite the lack of consensus 

on its definition, business models are considered to be a source of innovation and 

competitive advantage for a company (Zott et al., 2011). Additionally, most 

scholars agree that business models cross individual focal firm boundaries and that 

value is created in a network of partners rather than by an individual firm alone 

(Burkhart et al., 2011; Klang et al., 2010; Zott et al., 2011).
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3.2.1.1 Business model experimentation 

Business models are considered to be vehicles for bringing new technologies like 

renewables to the market as well (Würtenberger et al., 2011; Wüstenhagen and 

Boehnke, 2008; Zott et al., 2011). However, finding and implementing such new, 

innovative business models is by no means an easy task. As profit margins for new 

technologies are usually much lower, resources are allocated to the more profitable, 

ongoing business activities (Chesbrough, 2010). Furthermore, managers tend to use 

only information that fits within their current business logic.  Additionally, 

business models are embedded in such fast changing and complex environments 

that not all relevant information can be known from the start. Often part of the 

assumptions used for the initial design of a business model is wrong (McGrath, 

2010; Mullins and Komisar, 2009). In order to overcome these barriers, business 

model learning and experimentation is necessary (Chesbrough, 2010; McGrath, 

2010; Mullins and Komisar, 2009). By performing business model experiments 

action is taken to find new information about ‘latent opportunities’ that were 

previously unknown rather than simply analyzing the environment (Chesbrough, 

2010). On the other hand business models can be ‘shapers of their environment’ as 

well (Osterwalder and Pigneur, 2010). Business model mapping can support the 

design of such experiments by analyzing current and designing future potential 

business models (Chesbrough, 2010). However, this is not enough; organizational 

adaptation and management of business model experiments is needed as well 

(Chesbrough, 2010; McGrath, 2010; Sosna et al., 2010). Additionally, business 

model experiments can take place both within and between firms and are building 

on each other (i.e. experimental pathways) (McGrath, 2010). However, so far 

empirical data for the above findings are limited. 

3.2.1.2 Business models for PV 

Additionally, new business models specifically designed for PV deployment were 

found in literature. Asmus (2008) discusses the Community Solar or Solar Shares 

business model which he defines as ‘the ability of multiple users – often lacking 

the proper on-site solar resources or fiscal capacity or building ownership rights – 

to purchase a portion of their electricity from a solar facility located off-

site’ (Asmus, 2008: p. 63). By collective participation larger and more efficient 

projects can be done leading to cost efficiencies. Furthermore, participants do not 

have to pay the high system investment themselves or deal with technological 

issues. By Community Solar business models previously excluded market 

segments like tenants, people without a suitable roof or people who are planning to 

move can also invest in PV. Regulation for off-site or virtual net metering is an 

important prerequisite for the success of such projects.  

A recent trend in the United States is the rapid emergence of third- party 

PV business models in which ‘third party PV companies own and operate 
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customer-sited PV systems and either lease PV equipment or sell PV electricity to 

the building occupant’ (Drury et al., 2012: p. 681). Third-party business models 

started to appear in the United States in 2005. At first their adoption was limited 

because of the need for changes in existing legislation. However, currently, about 

20 states have the needed legislation in place or are actually operating third-party 

business models. In California, third-party residential ownership rose from 9% in 

the first quarter of 2009 to 36% in the first quarter of 2011. A major advantage of 

third party business models is the (partial) removal of the initial investment costs. 

Additionally, payments can be settled on the energy bill from the first month after 

investment. Customers also do not have to worry about the technological aspects 

and risks of PV. However, customers do need to be creditworthy to be included in 

third party arrangements. From their studies Drury et al. (2012) found that third-

party business models are attracting new customers who are younger, less 

educated and have a lower income than those investing in PV systems themselves. 

Additionally, Franzis et al. (2008) discuss the evolution of PV business 

models in the United States. They distinguish three business model generations. 

For zero generation business models, end users are the owner of the system and 

utilities have a passive role (i.e. only arranging for net metering and 

interconnection with the grid). For the first generation third parties own and 

operate PV systems leading to risk reduction for the end user and improved 

financing options. Utilities have a more active role for these kinds of business 

models acting as project facilitators. Finally second generation business models 

refer to the situation where PV has scaled up and becomes an integral part of the 

electricity system resulting in an even higher degree of utility involvement. Com- 

munity Shares business models were not taken into account in this study. During 

the time of study mostly zero generation business models were observed though 

the market started moving to the first generation (i.e. in line with Drury et al., 

2012). 

Finally, Schoettl and Lehman-Ortega (2011) discuss potential PV business 

models for utilities. Decreasing PV prices have resulted in many new companies 

entering the market which take over part of the existing customer base of utilities. 

Distributed PV systems can reduce the need for investments in centralized fossil 

alternatives and can decrease the stress on the grid in crowded areas, especially 

during peak loads. It is therefore considered to be a good option for utilities to 

invest in as well. Nonetheless, distributed energy production heavily deviates from 

the current utility business model which is focused on centralized power 

production. Five generic PV business models were found that match to a certain 

degree with the utility’s business model: utility-scale power producer, virtual 

power plant, build-own-operate rooftop PV, turnkey project model and installation 

service provider, where the latter has the least overlap with current business 

activities. Utility scale power producers built large PV sites to provide their 

customers with electricity; this is largely in line with current operations. The utility 

can also integrate small scale customer PV systems in the electricity market by  
matching  supply and  demand (i.e.  virtual  power plant  business model). 
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Revenues can then be shared between customers, producers and the utility itself. 

Build- own-operate business models are in line with the third party business 

models described above. A main advantage of this is the long term relationship 

with end users. Also, utility core competencies like billing and providing 

customer services can be exploited. Turnkey projects (i.e. system design, 

installation, monitoring and maintenance) heavily reduce transaction costs for end 

users (i.e. ‘one-stop shopping’). However, a strong installation partner is needed 

for this as installation and maintenance are no core competences of a utility. A 

major advantage in this case is the bargaining power of the utility which has a 

large customer pool to offer to their partners. Finally, utilities can deliver extra 

services over the whole value chain like financing or maintenance of PV systems 

(i.e. value added service provider business model).  

These observations of different PV business models are in line with the 

three general deployment models for micro-generation found by Sauter and 

Watson  (2007).  For  each  of  these, the company and consumer have a different 

relationship and role. Under the Plug and Play model consumers are the owners of 

the system. Consumers play a much more passive role in the Company Control 

model in which they only provide the company with a suitable production site (in 

line with third party business models described above). Finally, consumers can 

group together and develop their own Community Microgrid in which they own 

shares (similar to the Community Shares business model). The three models are 

no single entities, rather they cover a spectrum of opportunities; they can even 

show overlap (Figure 1). 

Figure 1. The three deployment modes for micro-generation (taken from Sauter and 

Watson, 2007). 

3.2.2 Strategic niche management 

Strategic Niche Management (SNM) is part of transition studies literature which 

focuses on socio-technical transitions or major changes in the accomplishment of 
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societal functions (Geels  and Schot, 2010). An overview of theoretical 

approaches of transitions, including SNM, towards addressing transition 

processes is provided by Cooke (2011). Cooke distinguishes co-evolutionary 

approaches (including SNM), the Resilience approach (nature-society interaction 

from an ecosystem perspective), Complexity Theory and Evolutionary Economic 

Geography (Path Dependency and Proximity). Common to all these approaches is 

the search for change mechanisms in well established and embedded societal 

systems (see Cooke, 2011). We have selected SNM as our approach because of 

the focus on experimentation. Radically new, sustainable technologies emerge in 

protected spaces called niches. In these niches, new socio-technical configurations 

are tested in sustainability experiments. These are ‘planned initiatives that 

embody a highly novel socio-technical configuration likely to lead to substantial 

(environmental) sustainability gains’ (Berkhout et al., 2010: p. 262). Protection is 

needed because of the high degree of uncertainty surrounding the new socio- 

technical configuration and the absence of a clear market demand (i.e. because of 

relatively high costs) and supporting regulatory system and can be provided by 

both public and private parties. Furthermore, in the beginning new technologies 

are unable to compete within the mainstream environment which in SNM is 

referred to as ‘the regime’. Regimes comprise of actor networks, action-guiding 

rules (regulative, normative, cognitive) and technical artifacts (Geels, 2005). In 

case of destabilization of a regime windows of opportunity emerge in which 

niches can be up scaled and (partly) new regimes can be formed (Geels and Schot, 

2010). Three processes have been found to be crucial for development of niches: 

learning, shaping expectations and building of actor networks. These take place 

within the experiments that are executed in the niche (Geels and Raven, 2006). 

First, these three processes were mainly assessed at individual project level. 

Project failure could be due to unclear expectations resulting in actor divergence, 

a too narrow and fragmented actor network or an exclusive focus on technological 

learning. However, besides these local projects an ‘emerging community’ can be 

formed over time as experimental projects start to build on each other (Figure 2) 

(Geels and Raven, 2006). As local projects start to interact a shared set of 

cognitive rules is developed providing guidance for local projects. Work is needed 

to translate local lessons to more generic ones. This can be done by for example 

standardization or articulation of best practices. Furthermore, knowledge and 

actor circulation is of main importance and can be achieved by for example 

conferences and workshops or in journals. On the other hand, the translation of 

broader niche lessons to local projects is not straightforward; local negotiation 

and adaptation are needed (Raven et al., 2008). Thus, lessons from local 

experiments are translated to more generic ones and vice versa and require 

dedicated work. 
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Figure 2. Formation of an ‘emerging community’ from local projects (taken from Geels 

and Raven, 2006). 

3.2.2.1 SNM and business models 

Recently, SNM scholars started to include the business model perspective in their 

framework as well. Though not yet using the term business model, in 2008 Raven 

et al. already indicated the formulation of generic organizational and financial 

models within niches (Raven et al., 2008). Recently, Geels (2011) has argued that 

business models should be incorporated in niche learning processes as well. 

Additionally, the implementation of Product-Service-System (PSS) business 

models has been analyzed from an SNM perspective (Cheschin, 2012). Finally, 

Jolly et al. (2012) were the first to analyze a set of business model experiments for 

the off-grid PV niche in India and their potential for different dimensions of up 

scaling (e.g. quantitative, organizational, institutional). The focus of analysis was 

on the assessment of individual entrepreneurial activities. However, in the 

conclusions the authors argue that in order to fully comprehend institutional and 

collective up scaling processes the analysis should be complemented with a meso 

level analysis of the socio-technical context in which these experiments are 

embedded. This is in line with Johnson and Suskewicz (2009) arguing that 

business models are part of a system consisting of four elements, i.e. ‘an enabling 

technology, an innovative business model, a  market-adoption strategy, and a 

favorable government policy’ (Johnson and Suskewicz, 2009: p. 3). Coordination 

of all four elements is needed in order to induce systematic change and up scaling 

of clean technologies. Thus, not all barriers for up scaling of renewable energy 

technology can be solved by individual business models. For example, a strong 

role of policy makers is required to change existing restricting legislation and 

support the exploration of new business models (Schleicher-Tappeser, 2012; 

Wu¨rtenberger et al., 2011). Therefore, focusing on the level of individual 
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business model experiments only is not enough to fully comprehend the up 

scaling of renewable energy technologies. 

3.2.3 A combined perspective 

By combining insights from both business model and strategic niche management 

literature new insights in up scaling processes of radically new technologies can be 

obtained. Business model mapping can support the analysis and categorization of 

the different types of business models that are being experimented with. 

Additionally, both strategic niche management and business model theory indicate 

business model learning within as well as between experiments (i.e. experimental 

pathways) as essential. Moreover, both acknowledge the importance of network 

formation. However, business model theory focuses on ‘local’ business model 

networks while strategic niche management also acknowledges the importance of 

broader network activities for sharing knowledge and resources and creating 

momentum for the implementation of the new technology. Finally, strategic niche 

management can be of help in providing insight in the broader context in which 

business models are operating, in particular in identifying regime barriers for up 

scaling. 

3.3 Methodology and data collection 

A comprehensive literature study based on mainly non-academic sources like 

sector reports, websites, governmental documents and presentations has been 

carried out to find an initial overview of the different types of business models that 

are being experimented within the Netherlands. Also, several Dutch solar 

conferences and meetings have been attended. In this way, an initial categorization 

of business model  experiments in the  Netherlands  could be made. For each of the 

found categories, at least one initiative has been interviewed resulting in a total of 

nine structured interviews of about 1.5 h each. After approval of the interviewee, 

interviews were taped and transcribed. Interviewees were then asked to check the 

transcript and give their permission for further processing of the provided 

information. 

The interviews consisted of four parts. First, some general questions about 

the project were asked (e.g. starting date, geographical working area). Next, the 

business model of the initiative was mapped using the business model mapping  

methodology of  Osterwalder and Pigneur (2010) consisting of nine building 

blocks: customer segments, value propositions, channels, customer relationships, 

rev- enue streams, key resources, key activities, key partnerships and cost structure 

(Osterwalder and Pigneur, 2010). We refer to these building blocks in the empirical 

section. The key partnership building block was extended with questions on 

broader network formation. In the third part interviewees were asked about their 

motivation for starting the initiative and learning experiences they had encountered 

when starting and running it. They were also asked what kinds of problems they 

could not solve themselves individually and whether they were sharing learning 
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experiences with other parties or were willing to do so in the future. The interview 

ended with several questions on the future plans of the organization and ideas 

about the future of the PV market in the Netherlands. More specifically, 

interviewees were asked about what they perceived to be the main barriers for PV 

up scaling in the Netherlands, what should be done about it and what they believed 

could be their own role in this. In this respect, interviewees were also asked for 

their opinion on the PV policies of the Dutch government. Finally, interviewees 

were asked for issues that had not yet been discussed in the interview and also, 

what other initiatives should be included in the test sample (‘‘snowballing’’). 

Broader PV niche development and niche-regime interaction was also 

studied via official websites of several organizations working on networking 

activities, knowledge sharing and lobbying with the national government. 

Additionally, several networking meetings and national conferences on PV market 

implementation  in  the Netherlands have been attended. 

3.4 Results 

Three main types of business models were found that are currently being 

experimented within the Netherlands: Customer Owned, Community Shares and 

Third Party. This is in line with the three categories found by Sauter and Watson 

(2007). For each of these, several sub categories were indicated as well. We 

estimate the current total number of initiatives to be in the order of at least 100 with 

a main focus on Customer Owned PV (i.e. not including individual customer 

owned systems). The three categories will be discussed in more detail below. A 

summarizing table indicating the main differences between them will be provided 

at the end of this paragraph (Table 1). Additionally, broader niche development and 

niche-regime interactions will be explained. 

3.4.1 Customer-Owned PV business models 

This type of business model aims at both households and SMEs who own a suitable 

roof (e.g. sufficiently large surface, no shadow, solar orientation) and have enough 

money available for investment in a PV system (Osterwalder and Pigneur 

Customer Segments business model building block). Households are an interesting 

target group as they have to pay the highest energy taxes and therefore the highest 

price per kWh (Rijksoverheid, 2012). Taxes are decreasing for higher energy use 

for supporting industry. Therefore, large companies are currently not of interest as 

the electricity price they have to pay is too low for PV to be able to compete with. 

In 2011, the average electricity price for a household using 3000 kWh annually was 

h0.25/kWh (CBS, 2012b). SMEs with relatively small electricity use (i.e. up to 

10,000 kWh) also have to pay this high electricity price. Additionally, SMEs can 

benefit from several tax deductions after investment in PV (Belastingdienst, 2012). 

Finally, it must be noted that a number of energy companies in the Netherlands are 

also selling PV panels to their customers and providing additional services like 
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installation and monitoring (in line with the turnkey project business model of 

Schoettl and Lehman-Ortega, 2011). 

Besides individual buying of PV systems by households and SMEs, 

recently a number of initiatives aiming at collective buying of PV systems have 

started. By collectively buying, installing, maintaining and insuring PV systems, 

costs can be reduced (Cost Structure building block). Additionally, technological 

risks perceived by end-users and information gaps can be decreased as initiatives 

take care of for example selection of suppliers, price bargaining and installation, 

maintenance and insurance of the systems (Key activities building  block). The first 

collective PV initiative in the Netherlands was organized in 2011 by the 

Wijwillenzon (‘We want the sun’) Foundation (Wijwillenzon, 2012). According to 

Wijwillenzon many people were excluded from governmental support, because of 

the too small, lottery like SDE subsidy scheme. By buying 10 MW collectively 

cost reductions have been achieved making investments without subsidies 

attractive. Customers could choose between four different fixed packages including 

basic mounting materials, cabling and inverter but excluding installation. 

Installation was not arranged for in order to give customers the freedom to work 

with local installers or install the systems themselves. 

Recently, several other organizations also started a collective buying 

initiative. Some of these are currently (summer 2012) still ongoing (i.e. people can 

still subscribe) or are repeating their first collective buying projects. Several of 

these initiatives are working on a national level (i.e. similar to Wijwillenzon). 

Examples include the Dutch Foundation for Nature and the Environment (in 

cooperation with the Dutch ASN bank), the Dutch Foundation for House Owners 

and the Dutch federation of Agriculture and Horticulture specifically aiming at 

farm barns. In contrast to Wijwillenzon, installation is provided for by these 

initiatives. After selection of a PV system supplier and installer, people can 

subscribe for the project. Often, customers can choose between several pre-fixed 

packages (Value Proposition). Next, suppliers meet with customers individually to 

check their roofs and provide customized propositions. Thus, in contrast to 

Wijwillenzon, these organizations do not buy the systems themselves and they do 

arrange for the installation of the systems (Key Activities). Additionally we found 

a number of local collective PV initiatives organized by (often retired) volunteers. 

While this is reducing costs, volunteers cannot be held legally responsible for their 

actions and they may leave over time. However, many of the interviewees of 

voluntary initiatives indicated the importance of the unique knowledge and 

resources that many of these volunteers bring in (Key Resources). Also, some of 

the found initiatives were further supported by professionals paid for by local 

governments. We also found that many of these voluntary initiatives are operating 

within broader civil society NGO’s organizing non-PV activities as well (related to 

organic food production, local use of biomass, energy savings etc.). There is also 

an organization that is training volunteers who want to start a PV project like a 

collective buying initiative in their neighborhood (i.e. so-called ‘neighborhood 

mayors’) (Nudge, 2012). One of the first local collective initiatives was HEET 
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Haaren working in the municipality of Haaren, Province of Noord-Brabant, starting 

in summer 2011. In Spring 2012, the first PV systems have been installed. In total 

75 households have participated in the project (DEH, 2012). The initiative has 

arranged a price reduction for their members. Additionally, they have selected local 

suppliers who both supply and install the system. In this way the initiative does not 

have to take care of the pre-financing of large numbers of PV systems or carry any 

risks in case of broken systems. An additional advantage of this direct customer–

supplier interaction is that customers can buy a system according to their own 

wishes (customizing, no preset packages; Value Proposition). Furthermore, roofs 

can be checked by installers before buying the PV system. Thus, learning between 

initiatives is taking place and collective PV business models are being adapted to 

the needs of the end-user as well as to those of the organization. For example, 

installation is now provided for by most of the initiatives. It is being recognized as 

a key component of the value proposition. Additionally, initiatives organize direct 

customer–supplier interaction. We also found several examples of 

intraorganizational business model learning and experimentation. In their supplier 

selection process one of the initiatives did not take the response time to customer 

questions, the time for making a business proposition and the quality of the offered 

business proposition into account resulting in project delay. Finally, it must be 

noted that several organizations have started experimenting with collectively 

buying PV systems for their employees as  well (e.g. the Dutch telecom provider 

KPN). The municipality of Leeuwarden also plans to finance systems for their 

employees (i.e. overlap with third party business model category, see Section 3.4.3 

below). Thus, within this first category of Customer Owned PV business models 

variation can be observed. Systems are bought both individually and collectively 

by households and SMEs (i.e. mainly households). Collective buying business 

models can be found at both national and local level and are led by (commercial) 

professional and voluntary organizations respectively. Inter- as well as 

intraorganizational business model learning has been observed. 

3.4.2 Community solar PV business model 

Several examples of Community Shares projects in the Netherlands were found 

including projects on public buildings, land, apartment complexes and at farmers’ 

barns. A major problem for these projects is the absence of national legislation that 

allows for off-site or virtual net metering. Therefore, energy taxes have to be paid 

over the electricity that is provided to the grid at an off-site location resulting in a 

compensation of only €0.07/kWh instead of €0.25/kWh for electricity fed back to 

the grid at an on-site location (i.e. from a system on your own roof; Revenue 

Streams building block) (De Vrieze, 2012). Because of this, Community Shares 

projects in the Netherlands only represent a minor percentage of all PV initiatives 

that are now going on. However, several experimental projects have been started, 

mostly run by environmentally driven volunteers that aim at opening up the Dutch 

PV market. Commercial parties do not initiate these kinds of projects but rather go 
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for easier business models that are already feasible and more profitable. The first 

Community Shares project was a virtual net metering project on a farm roof that 

was started in September 2010 called Boerenbuur (Farmer and Neighbor) 

(Boerzoektbuur, 2012).
3
 In cooperation with the Dutch energy supplier 

Greenchoice virtual net metering has been applied. However, in November 2011 

the Dutch tax authorities indicated that this was in conflict with the Dutch 

electricity law and the project was stopped. Despite this several new experimental 

projects have been started. Interestingly, some local governments have supported 

these experiments by providing funds in case virtual net metering is not allowed 

and energy tax payments have to be made afterwards. For example, the 

Municipality of Nijmegen guarantees for 2 years of virtual net metering for two 

Community Shares projects in their municipality (4NewEnergy, 2012). The 

Ministry of Economic Affairs, Agriculture and Innovation has been informed about 

the project. This project is executed in cooperation with the Dutch Distribution 

Network Operator (DNO) Alliander which will provide the meter modes necessary 

for virtual net metering. This is also done in a similar project at an apartment 

complex in Amsterdam. In 2011, another project on a farm barn was started in the 

municipality of Zeewolde, in cooperation with Alliander (Zonvogel, 2012). 

Alliander will apply virtual net metering and provide this information to the energy 

companies of the participants. Until more is clear about the virtual net metering 

regulations, the organization will reserve money to compensate for energy tax 

claims. Thus, several initiatives are still trying to provoke discussion on this issue 

in order to change existing legislation. Additionally, in the above mentioned Spring 

Agreement (April 2012) it was agreed to provide a fund for an experiment with 

virtual net metering in 2013 (VVD et al., 2012).        
 On the other hand, several Community Shares projects in which no virtual 

net metering is applied have been set up as well. In July 2011 a first 14.7 KWp 

project was installed on a gym roof (Zon op Nederland, 2012). More recently, a 

22.4 kWp system has been installed on a farm barn by the same organization (June 

2012). Finally, an apartment complex in Leeuwarden has installed PV on their roof 

for common use. At first, virtual net metering was part of the project and the 

municipality of Leeuwarden provided a back-up fund for energy tax claims (i.e. 

similar to the municipality of Nijmegen) but currently no virtual net metering is 

applied (i.e. only ‘normal’ net metering for the electricity used in common spaces). 

However, these projects have been supported organizationally and financially by 

local governments and their financial viability remains uncertain. Finally, it must 

be noted that in case no virtual net metering is applied, the business model shifts to 

the third party business model category described below.  

Both intra- and interorganizational business model learning have been 

observed. For example, the project in Leeuwarden has developed a document about 

their learning experiences for associations of owners of other apartment buildings. 

3
 Farmer and Neighbor, Farmer Searches Neighbor and Company Searches Neighbor (for 

the latter two see Section 3.4.3 below) are all projects from the same organization (i.e. the 

International Institute for Inclusive Science). 
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Additionally, initiatives share lessons at their websites or in presentations at 

conferences and meetings. Intraorganizational learning was mainly about current 

legislation and ambiguities in it that could be used to further strengthen the 

business case. 

3.4.3 Third party PV business models 

Finally, several examples of Third Party business models have been found. The 

Dutch energy company Greenchoice started with supplying and installing solar 

panels on their customers’ roofs in April 2011 (Key Activities building block). 

Customers pay a fixed price of €0.23 per kWh of direct use for 20 years (i.e.

repayment via energy bill; Revenue Streams). Energy supplied to the grid is not 

compensated for. Customers can cancel the contract after 5 years by paying off the 

remaining investment. 500 households were included in the pilot which is still 

ongoing. A main advantage for the utility is customer binding. Another energy 

company also started a similar project. However, they do not provide for 

installation, customers can install the systems themselves. Also, customers pay a 

fixed amount per month for the installation rather than a fixed amount per kWh. 

Additionally, the systems are relatively small and inexpensive; therefore the 

contract only lasts for 5 years. The first 1000 packages were sold in summer 2012. 

Additionally, in February 2012 a first experiment with a freelancer investing in 

solar panels on a household roof of friends was started (Company searches 

Neighbor business model). Companies investing in PV are profiting from tax 

reductions while households pay the highest electricity price. Companies and 

households sign a 6 year contract after which the system is owned by the 

household. The project is a response to the failed Farmer and Neighbor project of 

the same organization in which virtual net metering was needed for a profitable 

business case but not allowed for by the Dutch tax authorities (see Section 3.4.2 

above). While this first experiment was done by a freelancer, the organization
3
 is 

now trying to scale up the business model to other company-neighbor couples. 

Bank loans are also available for investments in PV (i.e. on individual basis). 

Because of governmental support these have relatively low interest rates. 

Additionally, an experiment with the US Property Assessed Clean Energy (PACE) 

business model in which loans are repaid via municipal property taxes is started in 

the municipality of Groningen. However, this requires changes in legislation. 

Initiators are lobbying with the Dutch government but it is uncertain whether 

changes will be implemented. Furthermore, in March 2012 a number of housing 

associations have started a project in which they will research the potential 

business models for implementing PV in their housing stock (Corpelein et al., 

2012). 

Additionally, the Dutch company Dothebrightthing, a subsidiary company 

of the Dutch energy supplier Greenchoice, is investing in PV systems in the 

Netherlands and abroad (i.e. developing countries) using fees for linking 
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customers that visit their website to retail websites like Amazon.com. Next to the 

fees, a loan is used for investment in PV panels that compensate for the energy 

that was used for the production of the bought product (Revenue Streams). 

Another example is Boerzoektbuur (‘Farmer Searches Neighbor’) in which 

customer investments in organic farm products are being used for investment in 

PV. Customers invest h250 and receive six coupons for €300 in products which 

they have to spend in the next 6 years (Revenue Streams and Cost Structure 

building blocks). The project was set up to strengthen the relationship between 

farmers and customers and support local food production and consumption 

(Customer Relations). Also a combination between the Farmer Searches Neighbor 

and Company Searches Neighbor business model is under development. The 

above mentioned initiatives can be seen as a form of crowd funding for PV 

projects. The main difference with Community Solar projects is that there is no 

direct effect on the energy bill of the customer buying the product. Finally, it must 

be noted that only a few organizations in the Netherlands are currently offering 

lease contracts to their customers. Mostly these have the form of financial lease 

meaning that the lessee will have ownership over the PV system after the contract.

Again, a variation of business models has been observed for this business 

model category. While some organizations only take care of financing, others 

provide turn-key projects to their customers. However, the number of projects 

executed so far is limited. Compared to customer owned business models, third 

party business models are relatively complex and sometimes changes in 

legislation are needed. The experiments are also operating rather isolated from 

each other; there is no or little interorganizational business model learning. 

However, we did observe intraorganizational business model learning. For 

example, one of the initiatives had problems with a DNO not installing the 

necessary electricity meter (Key Partnerships). Also, their project was more 

successful than expected. Therefore, additional organizational resources (e.g. 

employees) were needed (Key Resources). Since the project was executed in a 

large organization this was not problematic. 

3.5 Niche development

According to SNM theory, learning between experiments is essential for niche 

development. Indeed interorganizational business model learning has been 

observed. Overall, we found that voluntary initiatives were more willing to share 

their knowledge than commercial ones which is to be expected. However, they 

were not prepared to start new initiatives in other geographical areas themselves; 

rather they were willing to support the founders of new initiatives with their 

acquired knowledge. Sometimes initiatives also join forces to try and change 

current regime legislation (e.g. in case of the Community Shares business model 

experiments). Furthermore, all initiatives have some common interests like 

assuring quality of PV systems or installation and work together on these topics. 

Several umbrella organizations have been set up for working on the above 
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mentioned topics. Some of these are operating on the local (municipal  or 

provincial) level and are mainly aiming at bringing together local initiatives and 

sharing and providing the necessary knowledge for starting a local initiative. Also 

non-PV projects are included in such organizations (e.g. organic food projects). 

Sometimes professionals are hired by local governments to further support this. 

Other umbrella organizations are operating on a national level. The largest 

organization for local sustainability initiatives is e-decentraal, an organization that 

is sharing knowledge among its members, stimulating networking and that is 

lobbying with the national government. However, several interviewees indicated 

the  fact that e-decentraal has too many large, traditional players among its 

members and board and that it therefore remains to be seen what they can and will 

do for small, local initiatives. Also, Holland Solar, the traditional Dutch PV 

branch association is working in this field. Furthermore, several foundations for 

the diffusion of independent knowledge on PV in the Netherlands have been 

started. Finally, a number of PV initiatives are being incorporated in broader local 

renewable energy companies aiming at stimulation of the local economy and 

organized in a more democratic way than traditional energy companies (i.e. 

cooperatives, customers are the owners). The above findings are indicators of an 

emerging Dutch PV market niche. 
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3.6 Conclusion and discussion 

Despite the poor track record in renewables in general, the Netherlands seem to 

catch up rapidly, at least in the field of PV. In this chapter, we have tried to find out 

what is behind the recent surge in Dutch PV initiatives. Government support in the 

form of subsidies is part of the explanation, but as we have argued, government 

policy has been very ad hoc and not consistent. The latest change in policy as part 

of the recent Spring Agreement is just another example. But there has been a 

remarkable change. Whereas in the past PV promoters regularly have demanded 

more support for PV, the reception of this new subsidy has been only lukewarm. 

The general opinion is that this instrument reduces motivation for consumers not 

eligible for subsidy and, more importantly, that the Dutch market does not need 

subsidies anymore (although many projects have applied for the subsidy). 

So what explains the imminent PV breakthrough in the Netherlands? First, 

prices of PV modules have come down substantially. Combined with relatively 

high electricity prices PV has become much more attractive. But the main reason 

has been the development of new business models. We have found these to be 

financially supported by both local and national governmental bodies, for example 

in the  form  of  tax deductions  after  investment.  In particular, the instrument of 

net metering has been crucial, because the balancing of the electricity bill offers 

small consumers a high reward for generating solar electricity. With every increase 

in the kWh price, this becomes even more attractive. Although the option of net 

metering has already been introduced in the 1998 Electricity Bill, this option has 

only recently become a key issue. There has been a lot of uncertainty about the  

specific  conditions  for  application  of net metering. Moreover, expansion of net 

metering, e.g. to include virtual net metering, has become a central issue in policy 

and regulation. Local governments in particular support experiments with virtual 

net metering based business models. Here, the link between institutional factors 

(regulation) and business models is very clear. With the growing success of net 

metering, it will likely remain a contested issue for the next couple of years. 

Although net metering is a key component of the explanation for the 

rapidly increasing number of PV initiatives, business models also address other 

barriers, like the high up front investments and supplier guarantees (risks, quality). 

Three main business model experiment categories were found: Customer Owned, 

Community Shares and Third Party business models. This is in line with the three 

categories identified by Sauter and Watson (2007). Also, our cases show a range of 

options within these categories as well as overlapping business model categories. 

However, while Sauter and Watson only considered ‘the company’ and ‘the 

consumer’ in their analysis, we found different types of actors to be necessary for 

successful implementation of the business model, like volunteers and local 

governments. The majority of the initiatives focus on collective buying of solar 

panels. Third party business models are emerging but these are much more 

complex and sometimes also require changes in existing legislation. Large 

industrial projects are not financially viable because of the low energy taxes that 

have to be paid for high energy use. Finally, Community Shares business models 
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were rarely found because of the need for regulatory changes to approve for virtual 

or off-site net metering.  

Next to a growing number of projects, also the PV niche is maturing. 

Several lobby organizations try to increase the space of PV business model 

experiments. Local governments play a prominent role, but increasingly other 

actors, regime players like DNOs and utilities but also actors from other fields are 

getting engaged in PV activities. Additionally, several local and national 

organizations are supporting knowledge sharing and networking activities between 

the different initiatives. Also, some of the initiatives are part of a broader 

development towards local renewable energy companies (i.e. cooperatives). 

In this chapter we have shown that a combined SNM-BM approach can 

lead to new insights in the up scaling of renewable energy technologies like PV 

that would not have been found with an individual SNM or BM theoretical 

approach. While business model literature was very helpful for analyzing the 

various experiments with business models that are being developed, strategic niche 

management turned out to be very valuable for analyzing learning processes 

between experiments (i.e. business model experimental pathways), broader PV 

niche development processes and existing regime barriers that are of direct 

influence on the development and up scaling of new business models. However, we 

consider this to be a starting point and recommend further research on the topic. 

Although net metering has pushed the Dutch market forward over the last 

years, it is not the only explanation for its rise. Under absence of additional, steady 

support, like in many of its neighboring countries (e.g. Belgium (Flanders)), people 

have become creative entrepreneurs developing new business models for PV and 

establishing the necessary boundary conditions for its implementation. Considering 

the current economic turndown and related subsidy cuts in many other countries, it 

would be highly valuable to consider the Dutch PV market as an example for future 

PV market growth. 
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Abstract 

There is a huge gap between demand and supply of finance for energy transitions, 

and the financial and economic crisis have had a negative impact in the already 

meagre funds for transforming the energy system towards renewable sources. In 

this paper we explore whether crowdfunding for renewable energy, as a novel 

sociotechnical practice developed in a niche, has the potential to break through and 

transform both the energy and the financial regimes, utilising the Multi-Level 

Perspective theory. We empirically investigate crowdfunding platforms linked to 

renewable electricity projects in the Netherlands. The main conclusion is that the 

volume of crowdfunding today is low, but the dynamic of these projects holds 

potential. There is limited indication of learning processes until now, as well as 

limited support from regime actors, pointing at a low level of niche stabilization 

and break-through potential, which may however be related to the early stage of 

development of crowdfunding in the Netherlands. On the other hand, the 

heterogeneity of crowdfunders is very promising. Platforms dedicated to 

renewable electricity exclusively, and with an investment based business model 

seem to be the most successful. We show how governmental market regulation and 

support mechanisms are shaping crowdfunding as a business model, and discuss 

the implications for other countries. 

Key words: Renewable Energy, Crowdfunding, Sustainability Transitions, Business 

Models, Up-Scaling. 
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4.1 Introduction 

Sustainability transitions, large scale changes in socio-technical systems for the 

provision of needs such as energy, food and healthcare, have been advocated the 

last decades as solutions to environmental and socio-political challenges: energy 

security, resource scarcity, and climate change (Geels and Schot, 2010). The 

nature of these transitions is such that large investments would be necessary, even 

if the level of this transition is confined within one nation state (Jacobsson and 

Jacobsson, 2012). Since the financial crisis of 2009, both governmental funding as 

well as bank investments decreased, with a resulting gap between supply and 

demand of financial resources for renewable energy projects in different national 

settings (Creutzig et al., 2014; Eleftheriadis and Anagnostopoulou, 2015; Geels, 

2013; Luthra et al., 2015; Suzuki, 2014; Yildiz, 2014). At the same time, 

especially in the energy market, new business models have emerged to fill in this 

gap, even though at smaller scales. Business models can be defined as ‘the 

content, structure, and governance of transactions designed so as to create value 

through the exploitation of business opportunities’ (Zott and Amit, 2010) (p. 219), 

and they are a means to market new technologies like renewables (Chesbrough, 

2002; Zott et al., 2011). 

Many of these models are based on the direct participation of the energy 

user in energy production: for instance citizens owning shares in solar PV 

installations (Huijben and Verbong, 2013). More recently, some of these models 

are based on crowdfunding, defined as “the collective effort by people who 

network and pool their money together, usually via the internet, in order to invest 

in and support efforts initiated by other people or organizations” (Ordanini et al., 

2011). Crowdfunding is not new - it builds upon previous models, such as 

cooperatives, or microfinancing; but the recent use of social media has given a 

tremendous boost to crowdfunding and enabled new forms (Harrison, 2013). 

Different forms of crowdfunding exist, including donation, lending and reward 

systems where investors are rewarded with a token. 

Our starting point in this paper is that crowdfunding as a business model 

for renewable energy projects might not only financially shape energy transitions, 

by, for instance, tapping into financial resources of users, at a time of scarce bank 

loans after the global financial crisis (Tomczak and Brem, 2013), but can also 

increase societal support for renewable energy as users and citizens become more 

actively engaged in energy systems. This can potentially translate in political 

support. As such, crowdfunding can shape positive feedback loops between 

technological, market, social and political dimensions of energy system 

transformation. 

Indeed, the growth rates of crowdfunding have been impressive 

(Tomczak and Brem, 2013). Even though systematic figures are scarce, there is an 

estimated $2,7 billion raised worldwide, in different types of platforms, with $1,6 

billion in North America, $945 million in Europe, and 110 million in the rest of 
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the world.
2
 In 2014, €12,5 billion was crowdfunded worldwide, with €7,3 billion

in North America, €2,5 billion in Europe, and €2,6 billion in Asia.
3
  

The Netherlands offers an interesting case of crowdfunding in many 

respects. The Netherlands ranks 4th in the world in number of CF platforms (2012 

data).
4
 Structural conditions are very favourable: internet access is among the 

highest in the world, and there is a very successful online payment system called 

iDEAL.
5
 Indicatively, €63 million euros were crowdfunded in the Netherlands in

2014 in more than 2000 projects.
6
 This represents 3.75 euro per resident, 

somewhat lower than the United Kingdom, but above average in continental 

Europe (less than 1 euro per citizen).
7
 

The Netherlands is also an interesting case from the point of view of 

renewable energy transition. While it has been among the pioneer countries in the 

discourse around sustainability transitions (Markard et al., 2012), the actual 

practice in terms of renewable energy is lagging behind other countries, as a result 

of low levels of governmental support and turbulent public policies (Huijben and 

Verbong, 2013; Verbong et al., 2008). In 2013, the share of renewables to the 

total use of electricity was 10%, including hydro, wind, solar, biomass and 

biogas.
8
 Recently, the number of projects where citizens joined forces and, 

through different forms of collective action, together enabled PV and wind 

implementation has seen substantial growth rates (Doci et al., 2015; Huijben and 

Verbong, 2013). This suggests that in the Netherlands there is great need for new 

business models for renewable energy such as crowdfunding, and the country has 

favourable facilitating conditions in place. 

Our paper explores crowdfunding for renewable energy projects in the 

Netherlands as a novel socio-technical practice developing in a niche, with the 

aim to evaluate its potential to upscale and transform the energy and financial 

regimes. Our main research question therefore is: 

“To what extent can we see evidence of crowdfunding for renewable energy 

projects having stabilised as a niche and having the potential to break through the 

energy and financial regimes?” 

2
 infoDev (2013), Crowdfunding's potential for the Developing World. Finance and Private 

Sector Development Department. Washington DC: World bank, p. 19. Available at: 

http://www.infodev.org/infodev-files/wb_crowdfundingreport-v12. pdf. 
3
 http://www.douwenkoren.nl/en/crowdfunding-worldwide-12-5-billion-euro- 

in-2015/. 
4
 Some statistics suggest it is the third http://www.statista.com/statistics/ 251573/number-

of-crowdfunding-platforms-worldwide-by-country/while the World bank report suggests it 

is fourth http://www.infodev.org/infodev-files/wb_ crowdfundingreport-v12.pdf. 
5
 It is not a coincidence that the largest worldwide platform, Kickstarter opened 

in the Netherlands, in the spring 2014, in its first outside-the-USA attempt. 
6
 http://www.douwenkoren.nl/crowdfunding-in-nederland-2014-de-cijfers/. 

7
 http://www.douwenkoren.nl/crowdfunding-in-europa-25-miljard-euro-in- 2014/. 

8
 According to official statistics, at  http://statline.cbs.nl/StatWeb/publication/? 

DM¼SLEN&PA¼70789ENG.
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4.2 Literature review 

4.2.1 Novel socio-technical practices 

We position our paper in the sustainability transitions literature, and in particular 

in relation to one of the field's key frameworks - the Multi-Level Perspective 

(MLP). The multi-level perspective explains long-term transformations as 

interactions between socio-technical regimes, broader landscape developments 

and innovative niches (Geels, 2002). Socio-technical regimes are the incumbent 

path-dependent structures such as institutions, networks and infrastructures that 

stabilise the provision of human needs. A radical transformation of these regimes 

is needed for achieving sustainable development. Such a sustainability transition 

comes about as the result of broader ‘landscape’ trends and events that provide a 

dynamic context for regimes, and experimentation by heterogeneous actor 

networks developing socio-technical alternatives in protective spaces called 

niches (Schot and Geels, 2008). 

In this paper we view crowdfunding for renewable energy as a novel 

socio-technical practice developed in a niche, with the potential to upscale and 

transform both the energy regime, as well as the financial regime. We also draw 

upon recent advances in literature on business models, to understand whether 

crowdfunding for renewable energy as a new business model, that is, a socio-

technical practice developed in a niche has the potential to up-scale. Such a link 

between MLP and business model literature has been attempted before; for 

instance the suggestion that new business models are being developed in niches 

(Boons et al., 2013; Huijben and Verbong, 2013; Jolly et al., 2012). 

With the recent increasing interest in the literature about business models, 

there have been several taxonomies of business models, most of which rest in 

slightly different definitions of the term. A comprehensive  and  systematic  study  

identified eight different archetypes of sustainable business models, depending on 

the main type of business model innovation (technological, social and 

organisational) (Bocken et al., 2014). Interestingly, crowdfunding is mentioned 

there as an example of a business model based on organisational innovation, 

which can help develop and scale up sustainability solutions. Even though this 

typology is useful for studying broader changes in businesses, such as corporate 

social responsibility, and for emphasising the innovation aspect in different 

archetypes, it is too generic for categorising business models for renewable 

energy specifically, which our paper explores. Therefore we turn to, and utilise an 

existing categorisation, based on PV market developments, and show how we can 

categorise other literature in this taxonomy. We realise that there are country-

specific models, but these three broader categories hold true for these country-

related specificities. 

In a study on PV market developments in the Netherlands three main 

types of business models were identified: a. customer owned, b. third party and c. 

community shares (Huijben and Verbong, 2013). Customer-owned or self-

79



investment refers to a model where individual households or companies invest in 

renewable energy technology (e.g. solar panel) and own it individually. This 

model has also been identified as a microgeneration plug and play model in the 

UK context (Sauter and Watson, 2007), with a relatively small role for the 

company providing the system to the customer in a one stop shop. A similar 

turnkey business model was also identified for residential and commercial 

application of PV business models in Europe and the US (Schoettl and Lehmann-

Ortega, 2011). In the Netherlands, a lot of customer owned PV systems were 

bought in local or national collective buying initiatives where households or 

farmers joined forces in buying PV systems for individual use, claiming a 

discount with suppliers and making it very easy for customers to join the initiative 

(Huijben and Verbong, 2013). 

The third party model is one in which the PV system is financed by a 

different party than the one using the electricity produced, removing thus the high 

initial investment barrier and attracting new customer segments such as those 

with tight budgets (Drury et al., 2012). Huijben and Verbong (2013) found 

different types of investors in the Netherlands including banks, companies, 

housing corporations, governmental agencies and, interestingly, also traditional 

energy suppliers. Within the US context this model has been described as third 

party ownership (Drury et al., 2012) and as a leasing model (Rai and Sigrin, 

2013), while it has also been dubbed as company control model with a relatively 

small role for the consumer of electricity who is only providing the site of the 

micro- generation system (Sauter and Watson, 2007).  

Finally, community shares business models, in which investors buy 

shares in communal local projects, are interesting for those without suitable 

conditions (e.g. rental house for solar PV placement) or with less money available 

for investment (Asmus, 2008), but such projects tend to have a highly local 

character. These community shares model have also been described for the 

German context as business models for investment in renewables with active 

citizen participation (Yildiz, 2014) and civic corporate solar systems (Dewald and 

Truffer, 2011). In many countries they have been also described as renewable 

energy cooperatives or communities (Doci et al., 2015). Within the US context, 

the model has been identified as community solar or solar shares (Asmus, 2008). 

Finally, in the US context, the model has been identified as share-based model, 

with further distinction into two different types (Hess, 2013). 

These business models co-evolve with the broader socio- economic and 

regulatory environment. For instance the government may introduce regulations 

that affect profit opportunities for entrepreneurs, who in turn may follow new 

strategies (Provance et al., 2011). At the same time, success of a business model 

and lobbying of its proponents may actively shape regulation (Doci et al., 2015). 

In this paper we view crowdfunding for renewable energy as a new 

business model, a novel socio-technical practice developed in a niche, with the 

potential to upscale and transform both the energy and the financial regimes. The 

socio-economic environment and the regulatory environment are putting pressure 
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on the existing variety of business models, selecting thus at each moment in time 

some business models and actively (re-)shaping others (Huijben and Verbong, 

2013). Previous literature has already treated novel business models as socio-

technical practices developing in niches, by showing how a successful business 

model can acquire resources and ‘grow’ relative to less successful designs, by 

expanding to new customer segments (Jolly et al., 2012). Crowdfunding for 

renewable energy can be a disruptive innovation for both the energy and the 

financial regimes, but the extent to which this can materialize depends on a 

number of different factors discussed below (Section 4.2.3). 

4.2.2 Crowdfunding as business model 

Building on the upscaling potential of some of its predecessors, crowdfunding 

similarly can lower the barriers of initial investment. In crowdfunding, the 

expectation is that a large dispersed audience (the crowd) provide small amounts 

of money, which accumulates in an investment large enough to finance a specific 

project (Lehner, 2013). We here use the definition of crowdfunding as the 

collective effort by people who network and pool their money together, via the 

internet, to finance projects initiated by other people or organizations (Ordanini et 

al., 2011). Moreover, it provides a relatively simple investment procedure and 

enables those previously excluded to be involved in PV and wind projects. 

Crowdfunding is not new, but the advent and use of social media have given a 

tremendous boost to crowdfunding (Harrison, 2013).  

In addition, crowdfunding has been given a boost by several governments 

around the world as a response to the financial and credit crisis starting 2009. For 

instance, in the USA, the government passed the Jumpstart Our Business Start-

ups (JOBS) act, which legalises certain forms of equity crowdfunding (Parrino 

and Romeo, 2013). This boost does not come without risks: the combination of 

investors who don't know much about the new business models with ventures and 

projects that are inherently risky suggest that crowdfunding needs to be 

approached with caution (Stemler, 2013). 

Crowdfunding offers several opportunities for renewable energy projects. 

Aside from tapping into financial resources of users, and transforming the energy 

consumer into energy financer and producer, crowdfunding may bring in new 

types of customers, for instance individuals interested in experimenting with 

novel online tools. In addition, crowdfunding may facilitate societal support for 

renewable energy, which can translate in political support. In a study of 

crowdfunding for scientific projects it was found that it can encourage public 

involvement in the earlier stages of research and thus create long-lasting ties 

(Wheat et al., 2013). Related to this, crowdfunding can provide additional 

legitimacy to the renewable energy projects, since, as noted by Lehner (2013), 

“the selection process by the crowd is perceived as per se democratic” (p. 294). 

Thus, there is empirical evidence that, in some cases, crowd- funding is 
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not simply a “model to get funding for a business”, but also about building public 

involvement, support and long-lasting ties (Wheat et al., 2013), building 

legitimacy and exploring new communication channels with clients (Lehner, 

2013), community building (Gerber et al., 2009), experimenting with novel 

ownership structures model (Harrison, 2013), identifying potential demand for a 

proposed product and creating public interest in new products in the early stages of 

development (Mollick, 2014). In addition, through crowdfunding, the network of 

potential clients and/or funders can be expanded, both geographically (Agrawal et 

al., 2011), as well as socially (Mollick, 2014). All of these relate to the governance 

of transactions indicated in the business model definition in the introduction. In 

this respect, crowdfunding can go beyond financial resources for a project, to novel 

ways of governing transactions with clients, supporters and suppliers, and as such 

a distinct business model. Indeed, in a recent overview of sustainable business 

model archetypes crowdfunding was indicated as an organizational model with the 

potential to radically alter existing production and consumption patterns, with the 

internet as an enabler (Bocken et al., 2014). 

Thus, crowdfunding renewable energy projects does not only have the 

direct impact of financing a project, but could also have a more indirect impact: 

creating a positive feedback loop of support for a renewable energy transition. 

This, however, has not been empirically investigated so far. 

There are different  crowdfunding  models.  Harrison  (2013) mentions 

five distinct models: 

 Donation: contributors gain nothing, mainly focussing on charitable projects;

 Reward model: contributors are rewarded with a token in return for their

funding, but no interest in the earnings, or shares.

 The pre-purchase model: similar to the reward model, but provides the

contributor with the product that the financed project is developing, instead of

any other token.

 The lending or peer-to-peer model: contributors expect re-turn of their capital,

(the principal being often interest bearing, or alternatively not).

 The equity model, buying shares: contributors are offered a share in the

business or a share in the profit stream.

In practice there are many variations to these basic models, as we will also show in 

the empirical section. 

Lehner (2013) discusses crowdfunding of social entrepreneurship ventures
9
 

and suggests that crowdfunding is especially important in such ventures in the 

start-up phase. In addition, he claims that crowdfunding may even have an 

additional positive impact, which is creating a “buzz in the social media” (Lehner, 

2013 p. 297), drawing even more potential investors to the project. Nevertheless, 

9
 Social entrepreneurship ventures have a social or environmental mission as their primary 

goal, but aim to be financially and legally independent. 
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active participation of the crowdfunders in the project cannot be taken for granted 

in all projects, nor is it stable over time in the stages of a crowdfunded project.   

The heterogeneity in crowdfunding models is related to, and partly defines, 

motivations of contributors to crowdfunding projects. Individual motivations are 

important to assess the potential of such models, because they can indicate how to 

attract more crowdfunders, but also the limits of such models. We can expect 

crowdfunders in donation or reward platforms to participate because of altruistic or 

normative reasons, with an emphasis on the outcome of the project (Aitamurto, 

2011; Mollick, 2014) or the feeling of belonging to a community (Gerber et al., 

2009). In contrast, we expect crowdfunders in peer-to-peer or equity models to be 

mainly driven by financial considerations, investing their money with the 

expectation of gaining more in the future. 

4.2.3 Assessing the potential of crowdfunding 

Geels and Schot have introduced the following four proxies or criteria to assess 

whether a niche has stabilised and is ready to break through more widely: “(a) 

learning processes have stabilised in a dominant design, (b) powerful actors have 

joined the support network, (c) price/performance improvements have improved 

and there are strong expectations of further improvement (e.g. learning curves) and 

(d) the innovation is used in market niches, which cumulatively amount to more 

than 5% market share” (Geels and Schot, 2007) (p. 405). Stabilisation of learning 

processes refers to the extent to which there is increasingly shared understanding of 

ways in which the niche innovation is organised, the technical specifications of the 

innovation, and the sociotechnical organisation of the niche innovation. Thus these 

learning processes cover socio-technical issues, not only by accumulating facts or 

data, but also by generating second-order learning about alternative ways of 

valuing and supporting the niche (Smith and Raven, 2012). Such a shared 

understanding can decrease uncertainties for investors, and increase public support. 

The last two proxies, price/performance improvements and market share, relate 

more to technological innovation niches, rather than new socio-technical practices, 

such as business models. 

In addition, in a recent study of renewable energy communities as social 

innovations, the heterogeneity of the niches was intro- duced as an additional proxy 

for stabilisation of the niche (Doci et al., 2015). This refers to heterogeneity in 

terms of variety of actors involved, technological innovations they use, as well as 

broader conditions they operate. This is related to the fact that the breadth of the 

niche actor network is important for learning to occur: networks dominated by 

regime insiders hinder second-order learning and niche development (Hoogma, 

2002). The important role of diversity of actors and local sites has also been 

indicated in Danish wind energy niche building (Raven, 2012). 

We here look into heterogeneity in terms of the motivations of 

crowdfunders, employing the theoretical framework developed by Lindenberg and 

Steg (2007), who studied environmental behaviour and coupled motivations behind 

83



such individual behaviour with goal-frames, arguing that in every situation people 

want to achieve a goal that combines certain types of motivations (Lindenberg and 

Steg, 2007). The framework distinguishes among hedonic goal frames, when 

individuals want to improve the way they feel at the moment, gain goal frames, 

when individuals aim at increasing or protecting their resources, and normative 

goal-frames, when individuals behave in moral or ethical way, meeting norms 

expected by themselves or their community (Lindenberg and Steg, 2007). In every 

situation some goal frames are more prevalent than others, without this meaning 

that there is a unique goal frame guiding environmental behaviour. In communities 

that invested collectively in renewable energy, individuals were drawing from all 

three goal-frames at the same time, although one goal-framing tended to be 

prevalent (Doci and Vasileiadou, 2015). Heterogeneity of motivations is important, 

because, as indicated elsewhere, grassroots movements, with only ideological aims 

in mind (normative goal-frames) have a limited capacity to grow, as they have 

difficulties linking to regime actors and scaling up (Seyfang et al., 2014). 

Therefore, one of the elements we investigate in the empirical part is the 

motivations of individual crowdfunders, and especially the extent to which 

normative considerations are accompanied by gain and hedonic considerations. 

Summing up, we look into crowdfunding as a novel business model, a 

sociotechnical practice developed in a niche, drawing from pre-existing business 

models in the energy market. There is some indication that crowdfunding can 

create a positive feedback loop of support, as the projects gain not only the needed 

financial resources, especially important in the start-up phase, but also broader 

social and political support, “word of mouth” buzz, and perceived legitimacy. 

There is considerable variety in the specific design of crowdfunding platforms, in 

terms of coordination of funding, the role of the funder and whether the funder can 

expect anything back for his/her contribution. These differences also relate to 

differences in the motivations of the participants in crowdfunding, whereby 

heterogeneity of motivations is important for scaling-up and attracting a larger pool 

of participants. This heterogeneity of motivations, alongside support from powerful 

actors and broader learning processes which contribute to stabilisation, can indicate 

the potential of crowdfunding to upscale. 

4.3 Methodology 

Drawing from previous studies (Doci et al., 2015; Geels and Schot, 2007) we study 

the proxies indicated in Table 1, below. Even though these proxies have been used 

previously (Doci et al., 2015; Seyfang and Haxeltine, 2012; Seyfang and 

Longhurst, 2013), there is no benchmarking available for any of these. Instead the 

assessment of these proxies is generally based on thick description (Creswell, 

2009). 
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Table 1. Procies and indicators used in the analysis. 

Proxies Indicators used 

Scale Amount of money 

Number of projects 

Learning
a

Shared understanding of the social practice 

Communication events around the platforms 

Networking events on renewables 

Support (Energy of Financial) regime companies in business model 

Governmental support at different levels 

Heterogeneity Heterogeneity of participants motivations 
a 

The proxies we use for learning relate to the fact that established networks are very 

powerful for sharing experiences and building new partnerships. This relates to learning 

through interacting, which was identified before as essential for transition processes (Kamp 

et al., 2004), especially facilitated by intermediary organisations. We follow the distinction 

between local/individual knowledge and “global, abstract, generic knowledge that is shared 

within a community” (Raven and Geels, 2010). This global knowledge is created through 

aggregation, formalisation and codification of experiences (Geels and Deuten, 2006). 

Our empirical material is based on an overview of all online crowdfunding 

platforms in the Netherlands: we read all publicly available information on the 

successfully finalised projects on these platforms (see Appendix A for the list of all 

crowdfunding platforms we examined). First, we identified those projects that were 

related to renewable electricity production. Only seven platforms had relevant 

projects. For these selected projects, we used online documentation to identify the 

amount of money invested, the amount of crowdfunders, and the number of 

successful projects over time (proxy 1, Table 1).
10

 

For proxy 2, we read all publicly available material for the organisation of 

crowdfunding platforms and developments aimed to connect the different 

initiatives, such as associations, national conferences etc. to identify learning 

across platforms and degree of stabilisation, conducting document analysis. This 

was supplemented by 4 face-to-face qualitative open-ended interviews with experts 

in the field in spring 2014, where general developments on crowdfunding in the 

Netherlands were discussed.
11

 

Regarding support and heterogeneity, we analyse in greater detail four 

platforms, which indicate the diversity of scale, support and heterogeneity (proxies 

1, 3, 4): Windcentrale, Oneplanetcrowd, Greencrowd, and 1miljoenwatt. In our 

case study selection we were guided by increasing variation in the variables (here 

the proxies), which can contribute to generalisation of qualitative data analysis 

(Weiss, 1994; Yin, 2013). 

To identify the level of support (proxy 3), we analysed all online 

documentation, and the interview transcripts, about financial contribution or other 

10
 We collected all projects that were successfully finished until April 2014, and used the 

publicly available websites to collect this information. 
11

 Interviews were conducted with initiators of  the  crowdfunding  platforms Windcentrale, 

Crowdaboutnow, Greencrowd, and the crowdfunding consultancy Douw&Koren.
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type of support from different actors, and especially regime players from both 

financial regime, as well as the energy regime. To identify the crowdfunders' 

motivations (proxy 4), we collected all the online posts that (some) crowdfunders 

posted online for each project in our case studies, and conducted qualitative 

thematic analysis (Weiss, 1994), trying to identify the three goal frames (gain, 

normative and hedonic) discussed in the theoretical section (Lindenberg and Steg, 

2007). This material is presented in the Appendix A. 

Finally, the descriptions of the crowdfunding platforms, and the results 

sections of the paper were sent back to the experts for validation and additional 

information, as standard practice to attain validity in qualitative research (Creswell, 

2009). As a second validity strategy, we used triangulation of different data sources 

(on-line documents, online posts, and interviews). 

Windcentrale is the largest crowdfunding initiative in the Netherlands with 

more than €14 million collected, using the equity model. Windcentrale splits 
existing wind turbines in wind-shares of 500 KWh expected capacity each, and the 

individuals can, with a mouse click, buy a number of these wind-shares. The 

electricity actually produced by the wind-shares is deducted from the electricity 

tariff in the annual electricity bill. Windcentrale in essence creates a wind energy 

cooperative of crowdfunders for each windmill, but also runs the cooperative and 

the windmills for the life duration of the windmill. Until April, 2014, it has 

successfully sold wind-shares for 8 existing windmills, with 14,623 clients, and a 

total of 27,656,000 KWh production capacity (company data). 

Oneplanetcrowd is the only reward-model platform related to broadly 

defined sustainability projects. It is a “for profit” crowdfunding platform for 

environmentally or socially sustainable projects.
12

 The platform assesses each 

potential project on the basis of, among other things, financial history and a 

business plan. The platform earns €200 per advertised project, and 7% over the 

final amount of money. The model is reward-based: the participants give money to 

the projects and, in exchange, receive a reward “in kind”. 

Greencrowd is a platform combining both donation as well as investment 

crowdfunding for solar PV (combined donation-equity model). It is a non-for-

profit foundation with an online crowdfunding platform for PV projects that 

started in October 2012. It analyses the projects and assigns them with a risk 

profile, setting standards for participation in the platform, and minimizing the risk 

for individual crowdfunders. Investors can decide on how long to finance and 

which amount they like to invest (i.e. for different interest rates), starting from 

€10. Participants can also indicate who receives the interest and initial deposit. 
Money can also be donated. 

1miljoenwatt is a foundation which started to crowd fund using the equity 

model from June 2013 for placing of PV panels on a local football sports stadium 

in the city of Groningen. In November 2014, 531 panels were sold (292 k€) and

12
http://www.oneplanetcrowd.nl/over. 
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the first PV panels could be installed on the roof.
13

 In this project, people can buy 

‘solar obligations’ of €550 which corresponds to one individual solar panel 

including maintenance. Every year people receive money from the electricity that 

their panels produced and which is sold to the football club. After 23 years they 

also get back their initial investment. The project received a subsidy from the 

national government to make it profitable. Additionally, the project, like all the 

other cases, could exploit a tax deduction scheme for investments in renewable 

energy. People can register online and have to pay 10% of the total investment in 

advance. In this way, the foundation aims to support and include people without 

large budgets or suitable roofs in buying PV systems. 

4.4 Results 

4.4.1 Scale 

From Table 2 we can see that the total amount of money invested or donated to 

renewable energy projects through crowdfunding over the last 4 years
14

 is about 

€15.6 million, which is only a small fraction of the needed investments for the 

Dutch electricity system to switch to renewable sources.
15

 Nevertheless we need to 

take into account that the platforms are quite new, for instance for Oneplanetcrowd 

the €375 K euros reflect about one and half year of operation. In this respect the 

dynamic of crowdfunding for renewable electricity, defined as change over time 

(Vasileiadou and Vliegenthart, 2014), holds potential. 

Windcentrale plays a unique role as it represents 92% of the amount of 

money on renewable energy projects the last years. The resources raised through 

crowdfunding, without this “outlier” in the dataset, are limited (€1,262,211). 

Further, we can see from the second column, Table 2, that the 

crowdfunding model most prominent is the investment model totalling 

€15,153,089. Reward-based funding accounts for €375,650, and donation accounts 

for €76,351 (exclusively on solar panels). The predominance of the investment 

model also suggests that the main motivations of crowdfunders would be related to 

financial gains. We explore this further in the four case studies below. 

In the last two columns in Table 2 we indicate the average contribution per 

participant in each platform. The standard deviation suggests that for some of the 

platforms the average contribution varies greatly, with Greencrowd being a 

13
This was followed by a second round, not included in our dataset. 

14
 The oldest initiative, Windcentrale exists since 2010, Geldvoorelkaar since January 2011, 

Oneplanetcrowd since October 2012, Greencrowd since October 2012, Doneerdezon since 

June 2013. 
15

 Although precise quantitative data for investment needs have not been  estimated for the 

Netherlands, an indication of how low this amount is, is the fact that in 2013 the Dutch 

government invested around €648 million for renewable elec- tricity, which, among other

factors, led to an increase of the share of renewable electricity to 4,5% of the total 

electricity in 2014 (RVO, 2013)
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platform where contributions ranged from 10 euros to €6950. In some, the financial 

barrier for crowdfunding through these platforms (excluding Windcentrale) is very 

low, which is key for the success of crowdfunding. 

In order to put these amounts in context, the volume of crowdfunding for 

renewable electricity production represents 21.8% of the total volume of 

crowdfunding since 2011 (€71.5 million), which is a substantial contribution.
16

 

Therefore, in terms of total investments for renewable electricity, the scale of 

crowdfunding is minimal, whereas in terms of total crowdfunding volume in the 

Netherlands, the scale of crowdfunding for renewable electricity is substantial. 

Comparing this typology, with the one we introduced in section 4.2.1 for 

existing renewable  energy financing business models, we can see that 

crowdfunding builds on and expands pre-existing business models, as described in 

our typology in the literature review. For instance Geldvoorelkaar facilitates peer-

to-peer lending for individual ownership of solar panels, so the system remains 

customer-owned, yet the financing comes from a third party, and in this sense it 

draws from both models. Windcentrale uses elements from community shares, so 

investors buy shares in communal projects, the same with 1miljoenwatt, but in the 

case of Windcentrale the projects are not local. But these categories are rather fluid 

and do not always fit the platforms well: two projects in Oneplanetcrowd followed 

the reward model to provide financing for a customer-owned (and third-party 

financed) windmill, whereas a third one provided the opportunity of the equity 

model, for a community shares model.  

16
 Data is available by Douw  en  Koren  at    http://www.douwenkoren.nl/. 

crowdfunding-op-weg-naar-mainstream/.
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4.4.2 Learning 

Online crowdfunding platforms have started only recently in the Netherlands. The 

oldest, Windcentrale, operates since 2010, while most operate after 2012. This 

would suggest limited opportunities, until now, for meetings, conferences, and 

exchange of best practice. This was confirmed by our four interviewees, who 

suggested that, there is very large diversity among platforms, for instance some 

aiming to create strong relationships to networks around each project, as condition 

of success, while others aiming to simply facilitate finance for renewables. One 

interviewee indicated that he doesn't consider the latter type as crowdfunding, but 

simply providing energy services. This indicates that there is limited shared 

understanding of what crowdfunding is among people in the field, and what its aim 

is or should be about. In addition, there is great diversity types of projects, often 

linked to path dependence: some platforms started with recreation projects, and 

they then host primarily these projects, other platforms host only solar or wind 

projects, especially when linked to energy providers, or solar panel companies. 

Thus, there is limited evidence of shared understanding of the novel socio-technical 

practice under study. 

This is also evident when we examine networking and other 

communication events, because they are very recent. In February 2014, the 

platforms, together with consultancies in the market, established the Crowdfunding 

Association of the Netherlands (Branchevereniging Nederland Crowdfunding), 

with an aim to “strengthen and make the development of crowdfunding for 

business financing in the Netherlands more sustainable”.
17

   This association 

represents more than 95% of the market of crowdfunding platforms for company 

financing.
18

 The Ministry of Economic Affairs played a key role in facilitating its 

establishment as the government increasingly views crowdfunding as an additional 

source of financing for small and medium-sized enterprises, at a time when 

financing opportunities are limited. 

Another recently established learning network relevant for crowdfunding is 

coordinated by the Netherlands Enterprise Agency. This is a network of financers, 

such as banks, insurance companies, business angels and pension funds, including 

crowdfunding platforms, that aims to provide advice and support for start-up 

companies on sustainable energy. 

In addition, other governmental institutions are attempting to create 

favourable conditions for crowdfunding. In 2011, the Netherlands Authority for 

Financial Markets (AFM) and the Dutch Central Bank clarified in a communication 

how the Law for Financial Regulation applies to the different types of 

crowdfunding. This communication identified the risks and financial obligations of 

crowdfunding platforms. Depending on the type of crowdfunding, a licence of 

operations needs to be obtained, or an exemption is allowed. This regulation, and 

the subsequent supervision of AFM act as a trust mechanism for the participants 

17
 http://www.nederlandcrowdfunding.nl/. 

18
 http://www.crowdfunding.nl/branchevereniging-crowdfunding/. 
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and guarantee some liability for the platforms.
19

 

Part of the learning across some of these platforms takes place in a broader 

network of renewable energy initiatives in the Netherlands through workshops, 

seminars, newsletters and other events (see also Doci et al., 2015 and Huijben and 

Verbong, 2013). This is especially the case for platforms such as Greencrowd and 

1miljoenwatt, which focus exclusively on renewable energy projects. 

In sum, there is not much evidence of learning across the platforms yet, 

although several networks have been established or orienting themselves towards 

crowdfunding. When taking into account that most platforms operate since the last 

2 years only, we expect this to change over time in particular when the 

Crowdfunding Association starts to shape mutual exchange and learning. 

4.4.3 Support 

In its starting phase, Windcentrale has been financially supported by both Stichting 

Doen, a major NGO in the Netherlands, as well as Rabobank, one of the largest 

banks in the Netherlands. In addition, it has had support from the Association of 

House Owners. Greenchoice, the largest green energy provider in the Netherlands, 

arranges the billing of the process. Thus there is support from financial, and 

housing regime actors, and one niche actor in the electricity sector. 

Oneplanetcrowd started in 2012, as a partnership of several organisations: 

investment companies, investment consultancies, and a law firm, some of which 

are targeting specifically sustainability companies. Even though the partner 

organisations are numerous (nine in total), they are not very influential as regime 

actors in the energy (or financial) regime. There is no evidence of major support 

from powerful actors from the energy or financing regime. 

The foundation Greencrowd is supported by their partner organization 

Greenspread, a commercial enterprise that provides knowledge (e.g. information 

memoranda to investors), back office services and money that enables Greencrowd 

to operate. There is no evidence of major support from powerful actors from the 

energy or financing regime. 

1miljoenwatt has received support from several actors, including the 

municipality of Groningen, as well as Essent, an incumbent energy supplier which 

interestingly also became a member of the alliance operating the business model. 

Thus there is some support from the electricity regime.  

The role of the government in these initiatives is multiple. First, as 

discussed already, the government has supported the establishment of the main 

learning platform, the Association, and set a clear regulatory framework, through 

the supervising body AFM. These are facilitating conditions for crowdfunding to 

develop. In addition, some of these initiatives take advantage of existing subsidy 

schemes for renewable energy, like net metering support or tax deduction 

19
 http://www.afm.nl/nl/professionals/diensten/starters/wet-regelgeving/ 

crowdfunding.aspx.
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schemes.
20

   However, in general governmental support for renewable energy 

production in the Netherlands is relatively low and highly unstable (Huijben and 

Verbong, 2013). 

In conclusion, evidence suggests support by energy and financial regime 

actors exists in some cases (Windcentrale, 1miljoenwatt), but not in others 

(Oneplanetcrowd, Greencrowd). General governmental support exists, and some of 

the platforms also take advantage of advantageous financial regulations related to 

renewable energy. 

4.4.4 Heterogeneity 

To identify the crowdfunders' motivations, we looked into the reactions that some 

participants posted online for each project. For Windcentrale, since there is no 

forum or blog dedicated to the crowdfunders' posts, we use the arguments 

promoted in the Windcentrale website, to deduce the types of motivations of 

thecrowdfunders
21

. The main advertising points are [italics added]: 

“You can meet your own electricity demands in a fun and simple way; you use 

at home your own 100% green electricity from your own windmill; you don't 

suffer any more from rising electricity prices and you almost always save 

money” 
22

 

Therefore the crowdfunders in Windcentrale are expected to be a 

heterogeneous set of people, with different motivations, most prominently 

normative, gain and to an extent, hedonic considerations behind their investment 

decision. 

In Oneplanetcrowd we identified normative and, in fewer cases, hedonic 

motivations, but an absence of gain motivations, since the platform is reward-

based. In one of the projects, developing a new design prototype for a small scale 

wind turbine, the reactions can be grouped in three broad categories: contributing 

to the future and the environment (i.e. “For my children”, “good for the 

environment”); being enthusiastic about a new wind technology (“As an ex-glider 

I find this an exciting innovation”, “Promising sustainable technology”), and being 

part of something bigger (“Great to be part of a brighter future”). 

In Greencrowd, the crowdfunders' motivations were in line with the gain 

and normative goal-frames discussed in the literature review. A number of 

participants relate to the profitability of the investment, sometimes also by 

comparison to low interest rates provided by the bank (“The interest rate at the 

20
 Net metering is the financial off-setting of Electricity taken from and provided to the grid 

on the electricity bill. 
21

 In the following cases we also noticed a close reflection between the stated purpose of the 

platform, and the motivations contributed by the crowdfunders themselves, which suggests 

that these stated purposes can be used as indicators of crowdfunders' motivations. 
22

 https://www.windcentrale.nl/.
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bank is low and I like solar energy”). Several individuals indicated they could not 

make an investment on their own house and therefore decided to join one of the 

projects (“I wanted to invest in solar PV for months, but I rent a house where this 

is impossible”). The normative considerations relate to contributing to 

sustainability and the local economy, and being independent from traditional 

energy suppliers. Finally, the educational component and raising awareness is 

considered very important by a number of participants (“School sets a good 

example for students and their parents”). 

In 1miljoenwatt quotes from individuals were again in line with the gain 

and normative goal-frames, while motivations supporting the hedonic goal-frame 

were not identified. Again here, often the motivations are mixed (“It is always 

good to do something for the environment, a nice bonus is the good profit” or 

Nicer than my bank account and doing good as well!”). Motivations in line with 

the normative goal frame related to sustainability (“Acting sustainable and 

contributing to the new world”), as well as doing something for the next 

generations (We like to invest in a good environment for the future of our 

children). Independence from fossil fuel incumbents and freedom by self-

production are also mentioned as drivers for investment (“My freedom, finally 

independent from fossil”), again suggesting a mix of normative and gain goal-

frame. 

Such reactions in some cases can also act as part of a marketing strategy, 

or corporate social responsibility when organisations and companies (and not 

individuals) fund the project. For instance, in Greencrowd, where a company 

invested money with the rationale “[it] fits to our company's mission”. The large 

majority of crowdfunders, however, in all platforms are individuals. 

In conclusion, in some platforms, more than others, crowdfunders exhibit 

large heterogeneity of motivations, related to gain, normative and to a less extent, 

hedonic motivations. 

The summary of the analysis can be found in Table 3, in the following, 

concluding section In our assessment we stay close to the evidence we have 

provided in the analysis. 

Table 3. Summary of analysis 

Proxy Results 

Scale Limited, but growing over time.
Learning Limited evidence of shared understanding around novel socio-

technical practice. 
Very recent networking organizations, with few events, for only some 

of the participants. 
Future potential on the basis of association establishment. 

Support Limited support from incumbent electricity regime companies. 

Some government support (depending on the platform). 
Heterogeneity Large heterogeneity of crowdfunders, on the basis of their motivations 

(depending on the platform). 
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4.5 Conclusions and discussion 

This paper has reviewed crowdfunding initiatives in the Netherlands as an 

alternative source of finance in energy transitions. Our research question was: “To 

what extent can we see evidence of crowdfunding for  renewable energy projects 

having stabilised as a niche and having the potential to break through the energy 

and financial regimes?” We can now draw the following conclusions (summarised 

in Table 3). 

First, our analysis suggests that crowdfunding is far from routine practice. 

We have found some evidence of crowdfunding for renewable electricity niches, 

but the scale of crowdfunding remains very low compared to the funding needs 

for the transition of the electricity system. We also found limited indication of 

stabilization of learning processes until now. Evidence for support from regime 

actors is at this stage ambiguous, because we only found regime support in some 

case studies (Windcentrale and 1miljoenwatt). Finally, with respect to 

heterogeneity in funders' motivations, normative and gain considerations prevail, 

while hedonic ones come less often, which echoes results from previous work on 

renewable energy communities (Doci and Vasileiadou, 2015). Moreover, reward 

or donation models seem to attract a primarily green crowd. All types of 

crowdfunding models were found, but the investment model was dominant. 

Second, we show how crowdfunding draws some elements from 

preexisting business models, but brings novel elements to the fore. Similar to 

community shares business models, crowdfunding is about uniting citizens in 

renewable energy projects, thereby reducing perceived risk by the end user, since 

an external party is organizing the project and the AFM authority is, in most 

cases, overseeing the platform. Crowdfunding platforms are also reducing 

overhead costs for the users, by providing easy access to information on the 

projects and investment opportunities and a very simple subscription process, also 

for investors that are not geographically close to the project. Finally, similar to the 

community shares business model crowdfunding is enabling those without 

suitable roofs or high investment capital to join in renewable energy projects.  At 

the same  time, we also found indication of crowdfunding being similar to third 

party model, whereby donation or lending was used by a third party making the 

investment (e.g. school). Finally, crowdfunding was also building on (and 

extending) the customer-owned business model, in, for instance Geldvoorelkaar, 

which facilitates peer-to-peer lending. Therefore the different platforms showed 

how crowdfunding has built on an expanded all three pre-existing business 

models for renewable energy. 

The extent to which we can generalize our results is an issue that arises in 

every comparative case study using qualitative analysis. It is true that the results 

are valid for the Netherlands only, since this was the focus of our study. In fact 

the strength of qualitative analysis lies in its particularity and not in 

generalizability (Creswell, 2009). However, generalizability in qualitative 

analysis can be ensured by the depth of the analysis, as well as the case study 
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selection method, and especially if the  case  studies were drawn to maximize 

variance in the variables (Weiss, 1994); both are elements we have utilized in this 

paper. In addition, the extent of corroboration with other studies provide a degree 

of generalizability of our results, especially in relation to the coevolution of the 

new business model with governmental regulations (Huijben and Verbong, 2013), 

the heterogeneity of crowdfunders' motivations (Belleflamme et al., 2013; Doci 

and Vasileiadou, 2015), and the fact that the novel business model borrows from 

pre-existing models (Harrison, 2013). The exploratory nature of our paper 

enabled us to develop, and utilize a framework which has proven useful, not only 

because of the depth of analytical material it generated, but also because of its 

theoretical embedding. This framework can be used for assessment of 

crowdfunding in several other national contexts, which can help us better assess 

the potential of crowdfunding, and even provide some benchmarking for the 

novel practice. 

Our research suggests two important venues for future research. First, a 

lot of rhetoric currently around crowdfunding has the implicit assumption of 

“small government” and “big society”, which suggest a contraction of 

government's roles. In all our cases, though, the success of crowdfunding 

depended on governmental support. In some cases (e.g. 1miljoenwatt) this 

support takes the form of removing the initial investment barrier, by creating 

favourable economic conditions, since many such initiatives depend on 

expectations of stable income, or at least no financial net loss (Doci and 

Vasileiadou, 2015). In other cases, there is more general support, as the 

government facilitated the establishment of the crowdfunding association, and 

regulates crowdfunding activities in order to protect potential investors. As a 

result, crowdfunding platforms have to make adaptations to their business model 

in order to comply with these regulations. These results are in line with previous 

work showing that governmental market regulation and support mechanisms are 

continuously shaping renewable energy business models in the market (Huijben 

and Verbong, 2013). Future research could explore in more detail to what extent 

crowdfunding reduces, maintains or increases public policy influence in energy 

markets. 

Second, future research could explore developments, differences and 

similarities in different spatial contexts in relation to broader socio-economic and 

political conditions. In the UK, for example, collective buying and community 

shares projects are growing quickly, because of favourable governmental policies. 

The UK's Government has enabled community energy projects to fix a tariff and 

defined eligibility criteria under the 2012 Feed-in-Tariff program review.  

Nevertheless, support for renewable energy community projects is lagging 

behind, and most projects are under-resourced (Seyfang et al., 2014). In this 

context, Abundance, a UK investment crowdfunding platform linking individuals 

and communities with  renewable  energy  projects  has  raised  $10 million. In 

the USA, on the other hand, renewable energy policy is shaped by Renewable 

Portfolio Standards (RPS) and tax incentives, which mostly ignore collective 
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buying or community shares initiatives.
23

  Nevertheless,  Mosaic,  the  leading  

solar crowdfunding  platform in the USA, has raised $8 million. The situation in 

Germany is different again. There are plenty of market opportunities for financing 

renewable energy projects in the German market, with favourable regulations, and 

social support for renewable energy as indicated by hundreds of collective buying 

and community shares  projects  (not using  crowdfunding)  is generally large.
24

 

The German Feed in Tariff is designed in a way that most organizational forms, 

irrespective if they are private, community-owned or public, are able to benefit. 

Therefore, there may not be so much need for additional business models, such as 

crowdfunding. 

Nowadays climate governance cannot be viewed or studied independently 

from energy governance, as the process of mainstreaming climate change in 

energy governance has already begun (Vasileiadou and Tuinstra, 2012). This 

means that for future climate and energy governance, engaging in a debate with 

the financial sector on the enabling conditions to close the funding gap for 

renewable energy transition is important. In this debate, crowdfunding can play a 

role, not only for enabling additional funding mechanism, but also by facilitating 

and providing societal support, which can  translate in political support. For 

climate mitigation, the role of financial institutions has been to an extent 

underestimated (Geels, 2013). This discussion may lead to novel types of 

measures, such as measures supporting crowdfunding, for instance, by facilitating 

an online banking system. This would give the opportunity to crowdfunders to 

participate in financing renewable energy projects, not necessarily because they 

are the traditional “green” crowd, but because they see an interesting investment 

opportunity. Creating such broader investors base is key for successful transition. 

As renewable energy has grown in several countries in the last decade, 

the field of sustainability transitions can benefit from turning to the financial 

mechanisms that can facilitate the spread of renewable energy. Exploring and 

understanding new business models as novel socio-technical practices, utilising 

existing theoretical frameworks, is key in this process. 

23
Farrell, J., 2013. Barriers and Solutions for Community Renewable Energy,  http:// 

www.renewableenergyworld.com/rea/blog/post/2013/09/5-barriers-to-and-solu tions-for-

community-renewable-energy (Accessed 17.10.2013). 
24

 Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE Stat), 2012. Zeitreihen zur 

Entwicklung  der  erneuerbaren  Energien  in  Deutschland. der  erneuerbaren  Energien  in   

Deutschland.http://www.erneuerbareenergien.de/fileadmin/Daten_EE/Bilder_Startseite/Bil

der_Datenservice/PDFs__XLS/ee-energiedaten_ohne_formeln_2012.pdf.
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APPENDIX A 

In the table below are the crowdfunding platforms whose projects we searched, to 

find renewable energy projects. 

Windcentrale Crowdaboutnow Kapitaal op maat 

Geldvoorelkaar Share2start Fundyd 

Oneplanetcrowd Seeds The Dutch Deal 

Greencrowd Voorjebuurt Duurzaam 

Investeren 

Symbid Wekomenerwel Doneer de zon 

Doneerdezon Leapfunder Sunny schools 

Below we provide the list of contributors’ quotes for the projects we analysed. 

This material was analysed to identify the types of motivations, as explained in 

the methodology section. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Green above everything. Investing in a new industrial 

system that cares for men and 

nature. 

Stewardship. 

Super project! If you want to pump out less 

gas, you need to get the 

energy from somewhere else. 

Responsible 

stewardship. 

Just cool idea and important 

to support innovation on 

natural energy generation. 

Green, greener, greenest. Fits very well to our 

company mission. 

For my children. Environment + saving 

money. 

Sustainable project, 

wish of sports club SV 

Olympia to install 

panels on the 

gymnasium. 

I think that this idea should 

get a chance. The article in 

the newspaper Vilkskrant 

24 June 2013 made me 

curious. A small 

contribution is hopefully a 

big idea. 

Environment. I like to support/invest 

in sustainability. 

The Netherlands can again 

become innovation country, 

from ancient windmills, to 

flying wind turbines. 

I don't have the possibility to 

put solar panel myself, so 

that looked like a good 

solution. 

More participants 

needed. 

Great idea, challenging 

execution. 

Corporate social 

responsibility. 

Nice sustainable 

initiative, good return 

on investment. 

Good for our next 

generation, good proof of 

Dutch power for 

innovation, what is good 

can always become better 

With a nice view! Nice sustainable 

initiative and good 

prospects for return on 

investment. 

Good pitch on BNR. As a gift to a 1,5-year-old 

girl, to learn early about 

being environmentally 

responsible. 

I like to cycle on my 

race bike in this area. I 

would like to support 

clean electricity here, 

especially when I 

receive an attractive 

interest rate. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Fly high for sustainable 

power! 

A greener future and a lower 

energy price, who wouldn't 

want that. 

I like to support 

sustainable initiatives. 

On top of that the rate 

of return is higher than 

on a bank account, but 

that is of less 

importance. 

Good project. Living in a rental apartment. A nice project in a 

municipality where I 

work. 

Good initiative. Everyone with a solar panel! 

This contributes truly to a 

greener Netherlands. 

The more sustainable 

energy the less money 

flows to 

Vattenfall/NUON and 

will be spent here 

locally. 

Great initiative! I invest 

with pleasure in this 

sustainable technology 

which is full of 

opportunities. 

Stimulate sustainability. Sustainability, green 

energy, for a better 

living environment. 

I trust that the technology is 

feasible. I hope that also the 

organisational and 

bureaucratic challenges are 

overcome. A deep breath is 

important. I have my doubts 

with respect to danger for 

birds. 

Now it will be 4 panels, 

because I trust that the 

project will succeed. 

Support of a good 

initiative of my 

employer. 

Wind turbines and beyond 

… 

Sustainability. A contribution to a  

sustainable world and a 

new sustainable 

economy. 

Great project that we 

support with pleasure with 

our investment. 

Also in phase 2 solar panels, 

for a sustainable life. 

I am very much 

inspired by CSR and 

hope that Rijnstate will 

strongly support this in 

the coming years. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Unfortunately I am 

bankrupt and don't have any 

more money. Still I want to 

participate in this sort of 

developments, and so I 

contribute to make it 

possible. 

Being sustainable and 

contributing to a new world! 

Contribution to 

sustainability. 

A great innovation that I 

support with great pleasure! 

On the way to a sustainable 

economy! 

An ideal project for someone 

like me, who lives in an 

apartment and still wants to 

be sustainable. I am 

enthusiastic! 

Nice, innovative and 

acting together. 

Beautiful and promising 

project. 

The Future belongs to those 

who believe in the beauty of 

their Dreams. 

Nice sustainable 

investment. 

Even more enthusiastic 

after my visit earlier this 

week! 

Good initiative and good 

investment. 

Good to produce 

sustainable energy and 

to invest in a reliable 

manner. 

Investing in sustainable 

energy is essential for now, 

but especially for the future. 

Ideal way to generate solar 

energy if you don't have 

suitable roof! 

Our mission is to help 

companies and private 

citizens with realizing 

their sustainable 

wishes. 

 

 

 

A beautify innovation that 

already works. Well on the 

way towards harvesting 

energy that is freely 

radiating to us. 

 

 

 

Collective investing in 

sustainable solar energy, 

good for your and my future! 

 

 

 

No space on own roof 

for more solar panels. 

We want to invest in 

projects that improve the 

world! 

Great initiative! I don't want 

any trouble with panels on 

the roof of the apartment. 

This way I can still contribute 

to sustainability. 

Green initiative, 

involvement as 

employee and a nice 

rate of return as well. 

Innovative, sustainable, 

promising. 

One for two Sympathetic initiative, 

innovative and good 

rate of return. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Good initiative, now 

upscale fast to mass 

production. What you think 

of small scale 

implementation for instance 

in our back yards? The 

early birds would love to 

participate! 

I find this a good plan for 

sustainable energy. 

Nice initiative. 

Giving a boost to the 

development of wind 

energy. 

Sustainable energy, yes! Just fun to join as editor 

of Zorgvisie. (magazine 

for health care) 

Where else can you invest 

that is so much fun? 

No possibility to put solar 

panel myself. 

A good initiative of my 

partner's employer. The 

rate of return compared 

to saving on a bank 

account is fine 

(considering current 

interest rates). 

 

 

 

Very curious about how 

you will develop it for 

commercialisation! 

 

 

 

On the way to more of these 

sustainable solar initiatives. 

Interest and sustainability go 

together. 

 

 

 

Support of a good 

initiative of my 

employer. I can also 

make a nice rate of 

return. 

Good for the environment. The sun is the future. You 

can acknowledge this. 

Financially attractive 

and better for the 

environment, do not 

have the opportunity 

myself to install panels. 

Interesting development. Green energy and self-

sufficiency are for me and 

my girlfriend important. For 

now, the prices are very high. 

We hope to meet our own 

energy needs in this way, and 

eventually, to save energy. 

Sustainable and green 

investment, therefore 

valuable. 

Beautiful business! Good for the environment. Sustainable investment 

and good interest rate. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

As an ex-glider I find this 

an exciting innovation. 

Contributing to the use of 

sustainable energy. 

Use of sustainable 

energy sources is good 

for the environment. 

Schools are extremely 

suitable to bring this to 

the attention of children 

and parents. 

I believe in new forms of 

energy. 

We participate in a 

responsible and 

environmentally friendly way 

to generate energy. 

Together we are worth 

a lot, Harry. 

Very promising sustainable 

technology. 

Positive energy  

 

 

Energy is in any case a 

primary need and green 

versions are very much 

needed 

 

 

I don't have my own roof, I 

live in an apartment on the 

first floor. Otherwise I would 

put solar panels in my own 

roof. Nice initiative. 

 

 

School sets example to 

students and their 

parents! So GREEN! 

Good initiative! Live in an apartment, so I 

don't have my own roof to 

put solar panels. 

Good project, deserves 

to continue! 

Interesting. In the memory of Robert 

Long and for the future of my 

grandchildren. 

This amount was raised 

by children of this 

school by a sponsored 

walk that was 

organized by the 

parents' council of the 

school. 

Interesting project Discount in my energy bill. Norwin College aims at 

sustainability. Together 

with others we strive 

for a livable and 

healthy world and a 

sustainable economy. 

Employees and 

students VMBO-groen 

and MBO are going for 

it. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Actively contributing to 

setting up sustainable 

energy generation! 

Solar panels don't fit in our 

roof. 

To put energy into 

energy. 

Green and very promising! I find clean energy important, 

but I don't have a suitable 

roof. 

I want to invest for the 

last couple of months, 

but was unable to do so 

because I live in a 

rental house. 

Good plan! I don't have the option of my 

own solar panels, so this is a 

super-solution! 

Nice project of 

enthusiastic 

neighbourhood! 

Belief in the concept, 

convinced of the need of 

sustainable energy. 

A great initiative. My roof is 

unsuitable, and now I have a 

suitable roof at a distance! 

Good schools, that is 

what I want to 

contribute to as 

educational 

representative of the 

PvdA, but if I can 

contribute myself then I 

will do that! 

Brilliant initiative that I 

support from my heart 

Investing in sustainable 

energy. 

A really nice initiative 

that makes my green 

hart beat faster! 

Great to be part of a 

brighter future. 

Sustainable energy. less CO2 

emissions. 

Green projects and a 

higher interest rate than 

at my bank account … 

besides that also a 

learning moment for 

the school … good 

investment! 

Contributing to a promising 

initiative for a beautiful 

world, of course I want 

that! 

Doesn't fit my roof and I find 

it a very nice and good 

initiative. 

Nice initiative of 

Stefano! 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Great initiative, which 

hopefully will make a 

difference! 

Contributing to the 

environment. 

I think it is a nice 

initiative; we have solar 

panels ourselves and 

this results in 

substantial cost savings, 

so for such a school it 

is also attractive. 

Additionally you set an 

example to students. 

Fun project! At home no space for solar 

panels. 

OBS Potmarge is my 

old school. My son is 

going to this school and 

who knows maybe later 

his children will go … 

Therefore sustainable. 

Interested, and who 

knows!! 

Investing in green energy. The last bits also need 

to be collected, only 

less than 2000 euro to 

go!! 

I am curious where the 

wind will take Ampyx. 

I am very positive about this 

project. 

Sustainable! 

It looks very promising! Think green, own roof not 

suitable. 

Societal engagement 

and good investment. 

Supporting and actively 

participating in a project 

with likeminded people. 

Every contribution to the 

improvement of the 

environment helps. 

Achter de Hoven: Most 

sustainable 

neighbourhood of 

Fryslân!! (province of 

the Netherlands 

respectively) 

Endless powerful circle 

movement. 

Sympathetic project through 

which I, as an apartment 

owner, still can purchase a 

solar panel. 

Investment in good 

education. 

Fly like an early bird! I believe in sustainable 

energy. 

This donation is on 

behalf of my dad who 

supports the 

environment and 

education. He says this 

is going to work! 

Great initiative, potentially 

a game changer. 

A truly sustainable interest 

rate. Good luck! 

All schools have to 

become sustainable. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Fun to contribute to an 

interesting sustainable 

initiative! 

Our own green energy 

without additional costs! 

Good plans need to be 

financially supported. 

Good luck with an 

especially promising 

project! 

I want solar energy but I find 

the installation too much 

trouble. 

I want OBS Potmarge 

to become the First 

energy neutral school 

of Leeuwarden. (city in 

the Netherlands 

respectively) 

Support new, innovative 

and sustainable 

technologies. 

My own roof is unsuitable for 

solar panel, but I do want to 

invest in it. In this way I can 

do this. 

A good project to 

contribute to, nice! 

Green = doing. Small investment, because of 

little confidence in long term 

reimbursement. 

Good luck with the last 

days of the campaign! 

I support innovation-

sustainability. 

Maybe it contributes to a bit 

extra power to the FC 

[football team]. 

I support solar energy 

and it I believe that this 

is a good investment. 

Let's hope that through this 

means we can drastically 

decrease the emissions of 

our race. 

Great that the FC does this, I 

contribute with pleasure! 

The interest rate at a 

bank account is low 

and I like solar energy. 

What a contagious 

enthusiasm and what a 

courage! I wish Ampyx 

Power good luck with this 

technology. 

The panels are a gift to my 

children who study and do 

not own their own roof yet. 

Rate of return on green 

investment. 

Clean Future. Much more fun than my 

savings account, and doing 

good at the same time! 

Nice project with a fine 

risk/return profile. 

It can't be anything else but 

success! 

Here comes the sun. I like to support 

sustainable solutions. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

“Put your money where 

your mouth is”, they say. 

Professional investors are 

happy to see that 

management also invests 

and that cannot be 

otherwise with 

crowdfunders! That is why 

I take the first 10.000 euros 

for my account … and the 3 

available early bird 

investments are still 

available for you! 

As a beginner, with a small 

wallet I can now also 

generate solar energy with a 

few panels. 

Berni told me to do 

this. 

The belief in combination 

of new and old technologies 

keeps our tradition alive! 

Good luck with the 

initiative. 

For 14% sustainable energy 

everyone has to contribute. 

A good sustainable 

initiative in 

combination with a nice 

rate of return. 

I gladly contribute to a 

fantastic, modern 

application of a valuable 

piece of our tradition. Like 

this, you keep monuments 

alive! 

I found out about it through 

friends of friends and I 

thought: why not! 

Good initiative in the 

field of sustainability, 

in the neighbourhood of 

our residence and the 

expected rate of return. 

[The project] connects 

monument with sustainable 

energy! 

Simple way to start with solar 

energy. Good luck with the 

last panels! 

Sustainable energy 

needs as much support 

as possible. The more 

people become aware 

of this the more normal 

it becomes. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Let the blades go round! Now that I see everything 

works, I also participate in 

phase 2. 

I like to support 

sustainable initiatives. 

On top of that the rate 

of return is higher than 

on a bank account, but 

that is of less 

importance. 

Typically old Dutch but so 

much in our times! 

I live in a rental, without any 

isolation, and still I want to 

contribute in this way! 

I am looking for impact 

investment and 

investment in solar 

panels for communal 

buildings matches this 

ambition 100 percent. 

Old windmills that delivers 

green energy; beautiful. 

Practical that you don't need 

to move the solar panels if 

you buy another apartment. 

Trying it out. 

Great initiative! Because together we can 

make a difference! I also 

want at some point solar 

panels in my own place. 

Unfortunately after my 

divorce I live temporarily in 

an apartment. This is for me a 

way to contribute with my 

own panel to a cleaner world. 

Raise awareness with 

Dutch children and use 

this for helping others 

in need elsewhere. 

Beautiful initiative! A beautiful future for our 

children. 

I support green projects 

anyway and I really 

like the educational 

component. 

 

I am one of the initiators of 

EnergiekBaarn, I hope that 

many more windmills will 

follow. Good luck with the 

last 17%. 

 

Sun without trouble. 

 

Because we rent the 

earth from our children. 

We get happy by people 

that put their energy in 

sustainable energy with 

pleasure! Good luck! 

We already have some 

panels, and now some more. 

For the environment and our 

wallet. 

Important for now 

(lower energy costs 

school). Important for 

later (environmental). 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Green energy is important. I want to contribute to a more 

sustainable world. This 

begins with action! I cannot 

put panels on my own house, 

but on Euroborg. Good 

initiative! 

I find it amazing to be 

able to contribute to 

this. 

Beautiful initiative. Fun to 

invest in. more historical 

mills should be used in this 

way. 

In a more independent future, 

it is important to have your 

own capacity. 

Very nice project in the 

context of CSR. 

Beautiful project, good 

luck! 

Together we facilitate 

change. 

Nice initiative with nice 

artwork! 

Helping the windmills 

forward and getting 

something in return. 

For the environment. Motivation happens 

when dreams start 

wearing their 

employment suits. 

Long live the students. 

Together you can do more. I already have green energy 

via Essent. But that energy I 

don't generate myself. 

Very nice initiative that 

Alliander loves to 

support. 

The historical windmill is a 

symbol for new forms of 

energy: wind, sun, 

geothermal etc. Such a 

beautiful and visible mill 

that mills and generates 

energy and gets financed 

through crowdfunded can 

show us that people wants 

this. This makes me happy. 

All sustainable energy 

counts. 

My freedom, at last 

independent from fossil fuels. 

Very nice project! Nice 

to see that MCA is 

highly committed to 

sustainability. 

What a cool project! 

Energy from the mill. That 

makes me happy. 

Just because. I like to support green 

initiatives. 

Great initiative to let an old 

windmill turn in a 

sustainable way. 

I want to contribute to the 

environment and 

sustainability. 

Idealism. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

Beautiful project. With pleasure we are 

investing for a good 

environment, for the future of 

our children! 

I am in for all 

investments in 

sustainability. 

Support of this excellent 

and sustainable initiative! 

We are all astronauts in the 

spaceship Earth. 

Good for the 

environment and 

contributes to a new 

society. 

These windmills need to 

remain! 

Make some profit from the 

sun, without any trouble. 

Ideal. And good for the 

environment. 

Fits very well to our 

company mission: to 

help sustainable 

initiatives. 

Great that a historical 

object will not turn into a 

static (and expensive) 

museum piece but it will 

continue to be used every 

day. That was the initial 

reason that these mils were 

actually built! 

I participate with pleasure to 

a sustainable society. 

Nice initiative to 

provide governmental 

buildings with panels 

I find it great idea to 

generate energy for a better 

environment with a 

traditional mill. 

The sun is shining for all of 

us, so energy is for all of us, 

with or without a roof. 

Sustainability lasts the 

longest. 

Tonight I participated in a 

great Energy Pitch of 

Reggestroom. We are 

called to support this 

project so that sustainable 

energy can be generated, 

the miller in this historical 

mill can stay active and an 

iconic project in 

Hellendoorn can 

materialise. 

It is an interesting 

investment, an improvement 

of the environment and in the 

interest of Groningen, the 

Euroborg, and maybe FC 

Groningen. 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

A great idea to kill two 

birds with one stone. 

I find it an inspiring and 

stimulating project, for us 

this is the first step on the 

way to green energy and 

sustainable business for our 

postal company Regiopost 

O.Drenthe te Stadskanaal. 

Very nice initiative!! = good project = reduction in 

our energy bill. 

Good and innovating 

project that deserves 

support. 

The more wind energy the 

better. 

You wish a sustainable 

future to such a windmill. 

Keeping cultural heritage. 

Good idea to re-adjust an 

old technology. 

Regge-stroom guarantees 

the last part of the needed 

financing. They have taken 

thus the decision that the 

generator will be installed 

and that this old mill indeed 

will generate new energy! 

We thank all the 

crowdfunders from 

Stichting Done! Greetings, 

Regge-stroom 

30.000 euros from Stichting 

Doen for our mills! Hurray! 

The last bits towards the 

40.000 euros! 

I support with pleasure 

green ideas. 

Excellent plan and a green 

lunch at Boshoeve is great! 

A fun company outing! 
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Oneplanetcrowd 1miljoenwatt Greencrowd 

My children ride everyday 

with the cart, an excellent 

means of transport! 

Charging with solar energy 

makes them completely 

climate-neutral. A very 

good cause! 
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5. A review of governmental support

and business models channeling PV 

market growth in the Flanders region 

of Belgium (2006-2013)
1

1
 This chapter is based on: 

Huijben, J.C.C.M., Podoynitsyna, K.S., van Rijn, M.L.B. and Verbong, G.P.J. 

(2015). A review of governmental support and business models channeling PV 

market growth in the Flanders region of Belgium (2006-2013). Submitted to 

Renewable and Sustainable Energy Reviews. 
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Abstract 

How did a country in the middle of Western Europe, starting almost from scratch, 

reach the European top 3 in terms of solar PV capacity in five years? And what 

were the costs? We provide a systematic chronological review of the different 

governmental support instruments that drove the exponential growth of the solar 

energy market in the Flanders region of Belgium and calculate their relative 

contributions.  The results of the economic calculations show that green electricity 

certificates had by far the greatest effect on both the rise and stagnation of the 

market, costing about 1.5 billion euro only for 2006-2013. The long-term societal 

costs of such growth proved to be even higher (6.7 billion for 2014-2031) and 

unevenly distributed, with residents paying the highest price via their energy bills. 

Prior studies showed that business models have a crucial role in channeling 

renewable energy market growth. We therefore reviewed cases representative of 

the different models that fueled this growth and researched how the support 

instruments affected the companies and their business models. Triggered by both 

support size and change dynamics, companies continuously adapted their business 

models to enact the available support instruments. Counter-intuitively, the 

substantial support shifted the attention of companies to the larger systems, even 

though the incentive for investment in PV was lower than for the smaller systems.   

Key words: PV Market Growth, Flanders Region of Belgium, Governmental

Support instruments, Green Certificates, Societal Costs, Business Models.
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5.1 Introduction 

Over the past decade it has become increasingly clear that our current electricity 

system is unsustainable.  An uneven spread of resources, depletion, and air 

pollution have caused problems and conflicts all over the world. In response, many 

developed countries have designed renewable energy policies. Renewable energy 

sources like PV could provide the solution to energy-related environmental and 

political issues.  

Belgium, by no means a champion in terms of sun irradiation due to its 

geographical location, entered the European top 3 in 2012 in terms of installed 

capacity per inhabitant in Europe [1]. The Belgium federal state is divided into 

three main regions: Flanders, Wallonia, and Brussels. By the end of 2013 about 

70% of Belgium’s 3 GW capacity was installed in the Flanders region [2] and [3]. 

From 2007 onwards, the PV market for small, medium and large systems grew 

exponentially in Flanders (see Figure 1).  However, by mid-2012, severe cuts in 

support led to stagnation. In this paper we employ transition studies and business 

model literature to explore what governmental support instruments caused this 

considerable growth and stagnation. Secondly, we explore their impact on the 

market players and their business models supporting PV deployment and 

increasing installed capacity.   

Figure 1. Cumulative installed capacity of small (<=10 kW), medium (>10,<=250 kW) and 

large systems (>250 kW) [adapted from [3]]. 

Transition studies focus on major changes in existing socio-technical 

systems [4]. New technologies, like PV, emerge in protected spaces called niches, 

from where they can develop and scale up to the mainstream environment.  

Governments play a major role since they regulate the market and provide support 

instruments to accelerate the scale-up process [5]. They thereby create a particular 
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set of entrepreneurial opportunities [6]. Within niches, entrepreneurs can exploit 

such opportunities and design new business models (see e.g. [7] ,[8] and [9]). The 

latter essentially represent how ‘an organization is linked to external stakeholders, 

and how it engages in economic exchanges with them to create value for all 

exchange partners’ [10, p 181].  

The influence of governmental policies on the expanding renewable 

energy market has been widely studied (e.g. [11],[12],[13], [14],[15],[16],[17],

[18],[19],[20] and [21]). Some studies evaluate support instruments for PV market 

deployment specifically, often with a focus on the impact of feed-in-tariffs (e.g. 

[22], [23], [24], [25],[26],[27] and [28]). Recent conceptual studies highlight the 

value of governmental policy on the design of clean-tech and renewable energy 

business models [29] and [30].  Mormann (2014) uses empirical evidence from the 

US to demonstrate how its existing tax credits system is providing an incentive for 

renewable energy market players to create investment structures that lead to higher 

transaction costs and less efficient support, indicating the importance of careful 

policy design [31].  Other studies verify that certain types of  support instrument 

affect certain types of PV segments or business models (e.g. [9],[32] and [33]). 

However, so far systematic chronological empirical investigations on how various 

support instruments affect PV business models have been lacking.  We intend to 

fill this void by building upon transition studies and business model literature 

exploring how changes in support instruments have influenced the business models 

used for PV deployment in 2006-2013 in the Flanders region of Belgium. 

In the following section we first discuss relevant insights from transition 

studies and business model literature and present a conceptual framework 

combining the two literature streams. We continue by explaining how we applied 

the mixed methods through a sequential quantitative-qualitative approach, 

including economic calculations on support levels over time and semi-structured 

interviews. We then present our findings and close the paper with a discussion and 

conclusion section.   

5.2 Conceptual framework 

Society is facing many negative externalities from our current production and 

consumption systems for energy, mobility and food. There is a major need for the 

transition of such socio-technical systems toward more sustainable ones [4]. Such a 

process is systemic in nature and requires a radical shift from the status quo. 

However, the mainstream system in place has its own logic, forming a barrier to 

sustainable innovation [4] and [7]. Therefore, a protected space called a niche is 

needed as a nurturing place, from where new innovations can scale up and alter the 

mainstream system [4].  

Governments enable the development and implementation of new 

sustainable innovations by actively shielding them from mainstream selection 

pressures thereby creating a protected space  or niche for development [5]. Active 
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shielding measures influencing the supply side include various financial incentives 

covering production, investment and financing support  [5], [12] and [21]. It is also 

possible to influence the demand side through for example quotas or providing 

information to end users. Thereby the government directly influences the ‘volume, 

distribution and types of opportunities available’ [6, p 341]. Considering the 

variety of the possible support instruments, our first research aim is to investigate 

which form of active shielding had the greatest impact on the growth of installed 

capacity in Flanders in 2006-2013 and what were the costs of this support. 

Recent conceptual studies highlight the value of governmental policy on 

the design of clean-tech and renewable energy business models [29] and [30]. 

Business models are considered as channels to bring new technologies to the 

market [34], [35] and [36]. For example, BP Solar exploited four business models 

targeting different market segments in order to commercialize their solar panels 

[37]. In line with Bidmon and Knab (2014), Boons et al. (2013), and Raven et al. 

(2008), we see business models as a form of non-technological niche innovation 

[7], [8], and [38]. Indeed, commercializing sustainable innovations is increasingly 

seen as a challenge for the business model [34]. Business models can help scaling 

up the niche (i.e. increasing installed capacity) by among others reducing or 

removing the high initial investment barrier and including those without suitable 

roofs [9],[39],[40] and [41].  Therefore our second research aim is to analyze the 

effect of governmental support instruments on the use of business models. 

In order to analyze the different business models in the niche and their 

interplay with support instruments, we performed a literature review on PV 

business models. Most studies describe variations in PV firms and PV business 

model types that can be observed in specific settings in general terms, without 

explicit analysis of the business model components. For example, Asmus (2008) 

analyzed the development of the community shares business model in the US [41]. 

Dewald and Truffer (2011) explored the variations in market segments targeted by 

the German PV firms, making comparisons with the Spanish PV market [33]. 

Dewald and Truffer (2012) analyzed the role of solar initiatives (i.e. cooperatives) 

in the development of German PV market [42].  Drury et al. (2012) and Rai and 

Sigrin (2013) examine third-party business models in California and Texas 

respectively and show how removal of the initial investment barrier attracts new 

types of customers [39] and [40]. Hess (2013) describes different types of PV 

business models developed in the US [43]. Lüdeke-Freund (2014) analyzes the 

different types of business models employed by a single firm (BP Solar) [37]. 

Finally, Huijben and Verbong examine business models for PV in the Netherlands 

[9]. These valuable insights are thus potentially skewed towards the setting and 

particular type of the firms. 
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In contrast, Schoettl and Lehmann-Ortega (2011) propose a set of generic 

business model types for PV that can be expected irrespective of the particular 

setting [44]. Schoettl and Lehmann-Ortega (2011) define six generic business 

models: Utility-scale power producer, Virtual power plant, Build-own-operate 

rooftop PV, Turnkey project model, Construction and installation service provider 

and Value-added service provider, with different roles for each core market player 

(Table 1).  

Table 1. Overview of the PV business models. Adapted from [44]. 

Business Model Description 

Turnkey project provider* Player is not the owner of the facility, but 

offers a ‘plug and play’ solution to 

residential or commercial customers, 

including installation and system 

maintenance. 

Build-own-operate rooftop PV* Player is the owner of the system, thereby 

offering extra revenue for commercial 

customers. 

Utility-scale power producer* Player owns a large ground-mounted 

system, either built by the player or by 

partially subcontracting (i.e. acting as 

orchestrator). 

Virtual power plant* Player acts as a virtual operator, managing 

supply and demand. 

Value-added service provider Player performs project management and 

consulting, does not own the facility, and 

focuses on one or more steps in the value 

chain. 

Construction and installation service 

provider 

Player provides installation and construction 

services, either to final customers or an 

orchestrator. 

* - Installed capacity-increasing business models

These roles vary in terms of application (residential, commercial, and ground 

mounted) and degree of ownership versus pure services offered, both relating to the 

Value proposition component of the business model. We will concentrate on four 

business models that directly contribute to installed capacity (i.e. deployment 

business models) and their different components: Turnkey, Build-own-operate, 

Utility-scale power producer, and Virtual power plant. We consider the Value-

added service provider as well as the Construction and installation service provider 

as subcontractors supporting the aforementioned business models.  
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Based on existing literature, Schoettl and Lehmann-Ortega (2011) define a 

business model as a combination of the following components: a Value proposition 

(customers, product/service offered), Value constellation (internal organization, 

external value chain), which together enable a specific Profit equation (costs, 

revenues, and capital employed) [44]. This is also largely consistent with Boons 

and Lüdeke-Freund (2013) and Richter (2013) ([34] and [45]). The framework we 

use for this research is thus a combination of the PV business model typology of 

Schoettl and Lehmann-Ortega (2011), including the various business model 

components, and niche shielding in place, with a focus on governmental support 

instruments  (Figure 2) [5] and [44]. 

Figure 2. Conceptual framework: governmental support instruments (in grey and black) 

affecting business model emergence and selection in the niche and impacting the different 

business model components as defined by [44]. Business model D cannot be implemented 

under the existing support system. 

5.3 Methodology and data collection 

We conducted a mixed methods study, employing a sequential quantitative-

qualitative approach, where the qualitative part had a complementary and 

developmental function [46]. We used primary and secondary data sources to 

explore the effects of governmental support instruments on implemented business 
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models for PV deployment that channeled market growth in the Flanders region of 

Belgium from 2006 until 2013 - the period when Flanders experienced exponential 

installed PV capacity growth. Due to the complex structure of the Belgian energy 

market, we searched databases and official reports of players operating at various 

levels to map the energy market and installed PV capacity over time, also to 

identify the PV-related support instruments in place during our studies. The 

Committee for Regulation of Electricity and Gas (CREG) controls and evaluates 

the regulations set by the Belgium government [47]. It also organizes the 

accreditation of supply permits for the transmission network [48]. Additionally, the 

Flemish Regulator for the Electricity and Gas market (VREG) specifically 

regulates the distribution network (i.e. tariff setting is controlled by CREG), deals 

with complaints, acts as mediator in conflicts,  advices the Flemish authorities and 

grants green certificates and heat and power certificates [49]. The Flemish Energy 

Agency (VEA), an autonomous agency of the Flemish ministry of environment, 

nature and energy, designs, implements and evaluates new energy-related policies 

[50]. Additionally, we read International Energy Agency (IEA) and PV Vlaanderen 

(Flemish PV trade association) reports.   

We also calculated the fluctuations in relevant support over time (see 

Appendix A). The main assumptions for our calculations were a system lifetime of 

20 years, linear degradation of the system (0,8 percent annually [51]), and 

considering prices excluding VAT unless we found evidence in data suggesting 

otherwise, thereby taking a conservative stance. Additionally, unless indicated else 

we assume tax deduction schemes to be applicable for one year only, again 

following a conservative line of thought. This data, together with the changes in 

PV panel and electricity prices per segment, enabled us to calculate the relative 

importance of each governmental support instrument and the resulting financial 

attractiveness of typical small, medium and large-scale PV installations. For all 

systems we assumed self-investment, which also corresponds to the conservative 

calculation of the governmental support since the financing support from the 

government is not being used under this assumption. The results also showed the 

high importance of the green certificate instrument which was therefore further 

analyzed in terms of working and analysis of costs involved [21] and [52]. Since 

business models represent different ways of bringing PV technology to the market, 

in the second qualitative phase we held a series of interviews with CEOs and key 

managers of typical firms representing the business models used to increase the PV 

capacity in Flanders. Interviewees were selected based on a desk study and an 

initial interview with an external expert, the chairman of PV Vlaanderen (Flemish 

PV trade association). We conducted a total of seven semi-structured interviews.  

The main goal was to obtain in-depth input on how changes in support instruments 

had influenced the firms and their business models, thus supplementing our 

quantitative findings. These business models were mapped according to the types 

defined by Schoettl and Lehmann-Ortega (2011) (i.e. Turnkey, Build-own-operate, 

Utility-scale and Virtual power plant) [44]. Moreover, we further explored the 

impact of support instruments by analyzing the various business model 
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components. The interviews were transcribed and verified by the interviewees. In 

the final phase, we triangulated our findings with two experts in the field: the 

chairman of the Flemish PV trade association, and a business developer in a 

European semi-governmental incubator in sustainable energy who also co-founded 

a PV company during our time of study. 

5.4. Results 

VEA (Flemish Energy Agency) calculates the required levels of governmental 

support by taking electricity and PV system prices (including replacement of the 

inverter) as input [53]. We followed this approach to first study these prices in the 

various customer segments in Flanders. We then reviewed the types of support in 

the Flemish market between 2006 and 2013 and calculated their relative 

contributions for typical small, medium and large sized systems (see Appendix A). 

Taking the overall electricity and PV system prices as input, we subsequently put 

our findings on support instruments into perspective. Next, we addressed the most 

influential support instruments in place during our time of study, the Green 

Certificate scheme. We end with an analysis of the types of business models 

applied in Flanders at this time as well as how they were influenced by changing 

support instruments over time.  

5.4.1 Electricity and PV system prices 

Belgium’s electricity market was liberalized from 1999 onwards [54].  This led to 

varying electricity prices in the market, but the trend is that large scale users 

(industry) pay lower prices than residents [55], [56], [57] and [58]. Prices consist of 

several components including the electricity price, contribution to renewable 

energy, heat and power technology implementation, transmission and distribution 

net tariffs, public charges, energy taxes and VAT [55]. Table 2
2 

shows the average 

electricity prices for residents and industrial customers in Belgium during our 

study.  

2
Such data are not available at Flanders level. We followed Flemish Energy Agency and 

Flemish PV trade association calculations, which are based on EUROSTAT Belgium average 

electricity prices. 
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Table 2. Average electricity prices in Belgium from 2007 until 2013, for residents (2500-

5000 kWh, including taxes and levies) as well as industrial customers (2006: 2000 MWh, 

2007-2013: 500-2000 MWh; including taxes and levies) [57] and [58].  

Year Residents (€/kWh) Industry (€/kWh) 

2007 0,1683* 0,1149* 

2008 0,2062 0,1228 

2009 0,1890 0,1325 

2010 0,1967 0,1275 

2011 0,2128 0,1355 

2012 0,2275 0,1321 

2013 0,2194 0,1315 

* Based on price in second semester only, because first semester data was not available.

On average, industrial customers paid about two-thirds of the residential price [57] 

and [58]. For 2012, large scale industrial users (20 GWh per year) paid about half 

of the residential price [56].  Over time, prices for residents increased slightly, 

while medium size industry prices remained stable [57] and [58].  

Additionally, PV system prices in Flanders have decreased extensively 

(Figure 3; [59]). This is in line with a general trend of increasing production 

volumes resulting in lower system prices [60].  

Figure 3. The drop in PV system prices for households (<10 kWp)  in Belgium excluding 

operation and maintenance and VAT from 2008 until 2012 (adapted from [59]).  

We could not find any data directly comparing the prices for small and large 

systems in Flanders. However, Barbose et al. (2013) mapped US PV system prices 

for 1998-2012 and found that system prices dropped by between 8 and 13% when 

comparing the median price of residential systems (<10kWp) to medium sized (10-

100 kWp) and large scale commercial systems (>100 kWp) respectively [61]. We 
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took the above as input for our calculations on various support instruments (for 

support per Wp, see Section 5.4.2.1 and Appendix A) and to review their relative 

importance.  

5.4.2 PV support instruments 

Our review of PV financial support instruments showed that some are only 

available for a specific size of system or are only provided to a certain investing 

party (e.g. company with profit). We identified three types of support: investment 

support instruments and tax deduction schemes aimed at reducing initial 

investment barriers, production support instruments targeting electricity production 

(i.e. support per kWh produced), and financial support instruments to cut credit 

costs (Table 3) (in line with  [5], [12] and [21]).  As you can see, some of these 

were started or terminated at a later stage. Although the government did mostly 

foot the bill, production support instruments also had a financial impact on energy 

suppliers, Distribution System Operators (DSOs), residential, and industrial 

electricity consumers (including non-PV owners), as we will further discuss below. 

Moreover, production support instruments overlapped: green electricity certificates 

(‘Groene stroom certificaten’, GSC, a kind of feed-in-tariff per 1000 kWh 

produced for a fixed period, see below), net metering (or net injection for a set rate 

if net metering was not allowed), and direct self-consumption avoided buying 

electricity from the grid, the latter two relating directly to the electricity price in 

place. Furthermore, the level of GSC compensation was independent of the amount 

of electricity self-consumed or fed into the grid [62]. Finally, individual support 

instruments changed substantially over time, which is explained in Sections 5.4.2.1 

and 5.4.2.2.        
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Table 3. Financial support instruments for residential and large scale systems from 2006 to 

2013. 

System Size Support Instrument Terminated 

Residential 

(<10kWp) 
Production support 

GSC (a kind of feed-in-tariff: a fee per 1000 kWh 

produced) 

Self-consumption (avoid buying electricity from the 

grid) 

Net metering (bidirectional reversing meter; electricity 

injected to the grid is deducted from electricity taken 

from the grid) 

Investment support 

Investment support for the Flanders region  (certain 

amount to cover the investment costs) 

31/08/2007 

Premium by Local municipalities  (certain amount to 

cover  investment costs, provided by local 

municipalities) 

Tax deduction on investment 27/11/2011 

VAT reduction of 6% for renovation of private houses 

Financing support 

Tax deduction on mortgage loans 

Green loan or mortgage interest reduction 27/03/2009
 a
 

31/12/2011 

Bond fund providing low interest loans 

Medium & 

large 

commercial 

systems 

(>10 kWp) 

Production support 

GSC 

Self-consumption (avoid buying electricity from the 

grid) 

Net injection tariff (individual deals for selling 

electricity to the grid) 

Investment support 

Ecology premium (certain amount to cover investment 

costs) 

31/01/2011 

Tax deduction on profit 

Investment support for farmers (certain amount to 

cover  investment costs, only available to farmers) 

10/3/2006
 a 

 

20/7/2012 

Financing support 

Interest reduction for farmers 10/3/2006 
a 
 

20/7/2012 
a
 regulations not in place in 2006, implemented on day/month/year. 

5.4.2.1 Development of support instruments over time 

In order to better understand the relative volume of support instruments over time, 

we have calculated the support per Wattpeak of installed capacity (€/Wp) for three 

standardized systems: a small residential system (2.23 kWp), a medium sized 

system (25 kWp) at an SME, and a large industrial application (250 kWp), 

corresponding to the typical gradation in support differentiation (see Tables 4, 5 
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and 6). Sector specific support was not included in these calculations. For example, 

farmers could apply for 30% investment support (excluding VAT) [63]. This 

support could not be combined with other forms except GSC compensation. The 

source data, calculation method, and intermediate results are shown in Appendix A. 

Table 4 Development of support per Wp for a small residential system (<10 kWp) from 

2006-2013 (€/Wp).  

Year Regional 

investme

nt 

support 

Municipal 

investment 

support 

Tax 

discount 

VAT 

discou

nt 

GSC Net 

metering 

and self 

consumpti

on 

Total 

2006 0,70 0,28 0,84 1,08 6,52 2,55 11,96 

2007 0,64
a
 0,28 1,08 0,95 6,52 2,57 12,04 

2008 0,28 0,93 0,83 6,52 2,60 11,16 

2009 0,28 0,85 0,75 6,52 2,62 11,02 

2010 0,28 0,68 0,60 5,07 2,65 9,28 

2011 0,28 0,59
b
 0,53 4,46

c
 2,68 8,53 

2012 0,28 0,30 2,28
c
 2,70 5,56 

2013 0,28 0,17 N.A.
d
 2,73 N.A. 

a
 Until August 2007    

b
 Until November 2011 

c 
Average value over a year. 

d
 GSC support 

fluctuates over time for systems installed in 2013 making it impossible to calculate the 

overall contribution of GSC support. 

Table 5 Development of support per Wp for a medium sized system of an SME (10-250 

kWp) from 2006-2013 (€/Wp). 

Year Ecology 

premium 

Tax discount GSC Net 

metering 

and 

injection 

Total 

2006 1,63 0,30 6,52 1,69 10,14 

2007 0,99
a
 0,26 6,52 1,70 9,47 

2008 0,31 0,23 6,52 1,72 8,77 

2009 0,55 0,21 6,52 1,74 9,02 

2010 0,15 0,17 5,07 1,75 7,14 

2011 0,15 4,46
a
 1,77 6,37 

2012 0,08 2,28
a
 1,78 4,14 

2013 0,05 N.A.
b
 1,80 N.A. 

a
Average value over a year. 

b
GSC support fluctuates over time for systems installed in 2013 

making it impossible to calculate the overall contribution of GSC support. 
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Table 6 Development of support per Wp for a large industrial system (>250 kWp) from 

2006-2013 (€/Wp).  

Year Ecology 

premium 

Tax discount GSC Net 

metering 

and 

injection 

Total 

2006 1,09 0,30 6,52 1,21 9,12 

2007 0,63
a
 0,26 6,52 1,22 8,63 

2008 0,14 0,23 6,52 1,23 8,12 

2009 0,26 0,21 6,52 1,24 8,23 

2010 0,07 0,17 5,07 1,25 6,56 

2011 0,15 3,80
a
 1,26 5,21 

2012 0,08 1,04
a
 1,28 2,40 

2013 0,05 N.A.
b
 1,28 N.A. 

a
Average value over a year. 

b 
GSC support fluctuates over time for systems installed in 

2013 making it impossible to calculate the overall contribution of GSC support. 

Until 2011, the support for small systems was similar to medium and large 

systems (see Tables 4, 5 and 6). This is surprising since electricity prices for large 

scale users were a factor two lower than those for residents [56]. At the same time, 

PV system prices for larger systems were only about 13% lower [61]. Though PV 

system prices and electricity prices are not directly linked per definition (i.e. a large 

industrial user may opt for a small system), we found smaller systems to be 

corresponding to small electricity users paying higher electricity prices and vice 

versa. Thus, smaller systems were relatively more attractive to the end users. 

However, the level of support for large systems was still sufficient for them to 

grow extensively (see Figure 1). Some companies even deliberately decided to 

focus on the large scale segment at the expense of lower margins for organizational 

efficiency reasons. 

Another conclusion is that the GSC feed-in-tariff compensation (€/Wp) 

was the main driver for the exponential growth of installed PV capacity in 

Flanders. This was further confirmed by all our interviewees and [54]. We will 

discuss the GSC support instrument in more detail in Section 5.2.2.  However, net 

metering and self-consumption were also substantial. After 2012, when the GSC 

level dropped considerably, net metering and self-consumption of electricity even 

became the major shielding instruments for small residential and large industrial 

systems.  

5.4.2.2 The GSC support instrument 

The introduction of GSC certificates has been highly significant for the Flemish 

PV market. The support instrument is a hybrid support scheme combining a feed-

in-tariff and a Renewable Portfolio Standard (RPS), as we will further elaborate 

below  [12], [64] and [65].  From 2006 onwards, for every MWh of renewable 

energy produced (also non-PV), a premium was granted, which was guaranteed for 
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a period of twenty years, thereby functioning as a feed-in-tariff for PV producers 
[62], [66] and [67]. In order to apply for a GSC, safety standards have to be met 

and a special permit has to be obtained before the installation can become 

operational [68]. For PV producers it is important to deal with this timely, in order 

to meet the deadline for the current GSC compensation level and thus avoid lower 

compensation.  VREG is responsible for assigning the GSCs [49] and [66]. It also 

announces adaptations to the GSC level on its website and via its newsletter [69] 

and [70]. The timing of such announcements used to vary and sometimes 

entrepreneurs had to adapt their organizations quickly (see Section 5.3.2). 

However, from 2013 onwards, the GSC instrument is evaluated every six months 

to one year and adaptations are reported shortly after the evaluation [71].  

Residents with systems smaller than 10 kWp have to report their production to 

VREG (i.e. a production meter is installed) [62]. For larger systems, the DSO 

reports to VREG. The DSO pays the GSC compensation to the PV electricity 

producer (both for small or large scale systems) [72].  

Energy suppliers are obliged by the Flemish government to meet a quotum 

in renewable energy production [65]. In order to meet this quotum, they have to 

produce renewable energy themselves or buy certificates from others. If they 

cannot comply with the set targets, they have to pay a fine, which was €125 until 

March 2012, €118 until March 2013 and €100 thereafter [65] and [73] . The prices 

on the certificate market were somewhat below these fines, varying between €109 

(average price 1 apr 2006 -  31 mrt 2007) and €100 (average price 1 apr 2012 -  31 

mrt 2013) [74]. Thus, for systems installed in most of our period of study it was 

more favorable for PV producers to sell their certificates to the DSO, rather than 

trading them on the certificate market. This resulted in financial losses for the 

DSOs who had to buy certificates for prices they could not recuperate when trading 

them on the certificate market.  Only when GSC levels dropped to €90 per 

certificate and below (see Figure 4 below), it became attractive to sell them on the 

certificate market. However, some producers still decided to sell their certificates 

to the DSO [75]. The loss the DSOs made was compensated by increasing the net 

tariff for their customers, in particular residents (low voltage), who pay 80% of the 

total costs [65].  Additionally, suppliers charged their customers for the GSC 

transaction costs by adding a fee to the existing electricity price [65] and [76]. 

Thus, GSC compensation was not paid by the Flemish government from taxes, but 

financed via the energy bills.  Also electricity suppliers spread the GSC costs they 

made unevenly over customers; large industrial customers got a discount [65]. For 

2010, green certificate compensation was not paid for about 10% of all electricity 

supply. The Flemish PV trade association estimated that 75% of all GSC costs 

from PV were allocated to low voltage end users like residents and SMEs in 2012 

[77]. Thus, those benefitting from the GSC compensation instrument were not 

equally carrying the load.  
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Furthermore, total costs related to GSCs for the period 2006-2013 were estimated 

at €1.5 billion
3
. These costs will remain high since GSCs are assigned for a period 

of 10 to 20 years. Costs related to GSCs assigned in the period 2006-2013 are 

estimated to be €6.7 billion for the period 2014-2031 (€5.1 billion if corrected for 

the time value of money). For 2012, this corresponded to €35 for an average 

household using 3500 kWh per year [77]. We expect this number to rise in future 

years because of increased installed capacity numbers and the ongoing costs of 

already assigned GSC certificates.  

Finally, while prosumers
4
 do profit from GSC compensation, they 

contribute less to the GSC instrument since the costs are calculated per kWh 

consumed from the grid [65].  In order to compensate for this, from January 2013 

onwards, all PV owners of systems smaller than 10 kWp were charged for use of 

the network (i.e. per kWp) [78].  However, PV Vlaanderen fought the 

implementation of the network tariff and won the case in November 2013 [79]. 

Their main argument was the inequality with large scale electricity producers who 

paid much less for using the same electricity network [80].  This indicates that the 

PV niche has gained momentum, having triggered a broader discussion on existing 

mainstream energy rules and regulations and the allocation of costs and benefits. 

Level of GSC compensation for PV producers 

From its start in 2006, a distinction was made between compensation per GSC for 

systems smaller and larger than 250 kWp (Figure 4). From 2006 until 2009, GSC 

compensation was very high, with 450 Euros granted to every GSC.  But after 

August 2012, there was a sharp decline for small systems. From then on, GSC 

compensation was only assured for a period of 10 years, both for small and large 

scale systems [67]. Interestingly, GSC compensation for small and large systems 

was equal in the period 2006 till July 2011. Thereafter, however, GSC 

compensation for large systems decreased faster (Figure 4).  

3
PV Vlaanderen, personal communication. PV Vlaanderen estimates total costs at €1.8 

billion, supporting that we are conservative in our estimates. The difference can be 

attributed to the fact that we used assigned GSCs published by VREG as input instead of 

installed capacity numbers (indirect calculation method). We also took system degradation 

into account. The data file with calculations is available from the authors upon request. 
4

A prosumer is a consumer who also produces electricity. Prosumer is a conflation of the 

terms consumer and producer.  
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Figure 4. Development of green certificate (GSC) compensation for both households and 

large installations (Light grey: >250kW) from 2006 till January 2013 (adapted from [67]). 

Note that from August 2012, the duration of GSC compensation was reduced from 20 to 10 

years.  

In January 2013, a new GSC compensation instrument covered three categories: 

10kWp, >10- 250 kWp and >250- 750 kWp, for which different banding factors 

were assigned [81]. The lower the banding factor, the more kWhs correspond to 

one GSC (Table 7), which is worth €93 [82].  

Table 7. Banding factors for small (<10 kWp), medium (10-250 kWp) and large systems 

(>250-  750 kWp) installed in 2013. The lower the banding factor, the more kWh 

correspond to one GSC, which is worth €93 ([81] and [82]). The number of kWh needed 

per GSC is indicated in parentheses and thus shifts over time (GSCs are assigned for 15 

years). 

System Size Banding factor 

Jan 1-July 31 2013 

Banding factor 

Aug 1- Feb 16 2014 

 10 kWp 0.23 

(4348) 

0.28 

(3571) 

>10- 250 kWp 0.63 

(1587) 

0.72 

(1389) 

>250-  750 kWp 0.49 

(2041) 

0.57 

(1754) 

VEA calculates the banding factors for both new and existing systems every six 

months to one year, taking into account PV system prices, inverter replacement 

costs (i.e. main maintenance cost), and electricity prices [53] and [71].  In case the 

banding factor deviates more than 2 percent from the actual banding factor it is 

adapted [71]. The new banding factors are enacted one month after publication of 
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the evaluation report of the VEA [83]. The new GSC support instrument can thus 

be considered as a feed-in-premium co-evolving with electricity prices rather than 

a fixed feed-in-tariff [12].  Since from 2013 onwards banding factors for systems 

installed will be updated every six months, it is impossible to calculate the 

expected overall support from GSC for systems installed after this date. However, 

as Table 7 shows, levels of support are expected to be lower than the previous level 

of €90 per GSC in 2012, at least for 2013 [67], [81] and [82].  

5.4.3. Interplay between governmental support and business model design 

5.4.3.1 Overview of PV business models 

An overview of the business models we identified in the Flemish market for the 

period 2006-2013 is shown in Table 8.  The last column of this Table lists the 

distinct sub-types of business models. As stated above, Schoettl and Lehmann-

Ortega (2011) mapped all PV business models on  the level of system ownership 

by the firm (full ownership of the facility vs. providing services like installation 

only) and the type of application (residential, commercial, and ground mounted), 

both relating to the Value proposition component [44].  While Schoettl and 

Lehmann-Ortega (2011) consider Build-own-operate business models only feasible 

for commercial application, we found several business models for residential 

application. Moreover, we found business models targeting public buildings as 

well. Additionally, entrepreneurs may aim at new buildings or offer retrofit 

systems.  Projects may also be pooled, for example we found residents to 

collectively buy a household PV system and the government investing in PV 

systems at multiple schools simultaneously. Furthermore, electricity by PV 

systems may be used locally (for Turnkey and Build-own-operate business models) 

or elsewhere (for Utility-scale business models). The ownership dimension is more 

complicated than previously thought as well: we need to distinguish between 

ownership of the system and ownership of the location. We found investments 

originating from the residential, commercial, and the public sector. Additionally, 

investments can be made individually or collectively. Finally, ownership of the 

system for a particular type of business model may shift over time between 

different players; for example one of our cases showed that system ownership was 

transferred from a bank to a Special Purpose Vehicle (SPV) that was used after 

terminating the lease contract with the end user.  While Schoettl and Lehmann-

Ortega (2011) define the Application and Ownership sub-components to be related 

to the Value proposition, it is directly related to the Value constellation component 

(Internal organization, External value chain) as well [44]. An overview of sub-

components discriminating the different PV business models is provided in Table 

9.

134



Table 8. Overview of the installed capacity-increasing business models in the Flemish 

market 

PV Business 

model type 

Application Ownership 

versus services 

provided 

Business model sub-

types in Flemish 

market 

Turnkey Residential Pure service - Residents purchase PV 

system individually 

- Residents purchase 

collectively  

- Turnkey house 

including PV system 

offered 

Commercial - Company buys PV 

system 

Public - Government buys PV 

system: schools 

(collective), 

municipality buildings
a

Build-own-operate Residential Mix of service 

and ownership 

- PV company finances 

- Bank finances 

- Members of energy 

cooperative finance by 

buying shares  

Commercial - PV company finances 

- Bank finances 

- Multiple private 

parties finance 

- Members of energy 

cooperative finance by 

buying shares 

Public - Bank finances 

- PV company finances 

- Members of energy 

cooperative finance 

Utility-scale Ground mounted Pure ownership - Bank finances 

- PV company finances 

- Residents finance by 

buying shares. 

- Intercommunale 

finances
b
 

a
Full investment covered by the government, please note that investment support 

instruments were available for other projects (see Table 3). 

b
An intercommunale is a cooperation between multiple municipalities for areas of common 

interest like electricity supply and distribution or waste management. We found them to be 

investing by themselves or in cooperation with private parties. 
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Table 9. Generic sub-components discriminating different types of PV business models 

 Type of application: residential, commercial, public, ground mounted

 Type of application: new buildings versus retrofit

 Use of electricity: local versus non-local

 Project roll-out: individual versus bundling

 Ownership resource type: PV system and/or location

 Degree of collectivity in pooling resources for investment: individual versus

collective

 Type of investor: residential, commercial, public

 User, investor, owner: same or different actors

Finally, our data reveal the multi-polar role of residents in PV investment. They 

can be both customers of their own PV systems (Turnkey business model) as well 

as investors in other players’ PV systems (Community Shares business model). As 

shown in Section 5.2.2., residents are the main co-financiers of GSC, bearing a 

substantial proportion of this support instrument’s costs. Last but not least, the 

acceptance of buildings with renewable energy technology by local residents is 

crucial for successful market implementation and could otherwise trigger a 

NIMBY effect leading to higher project costs [64] and [84].   

5.4.3.2 Exploiting governmental support instruments through business models 

Fueled by high levels of governmental support, mainly in the form of GSC, the 

residential and commercial market in Flanders showed exponential growth from 

2006 onwards (see Figure 1). Relatively high levels of support compensated for the 

low electricity prices paid by commercial customers, thereby creating financially 

viable business models.  The Build-own-operate business model for commercial 

application also became attractive for entrepreneurs. One company offered its 

customers a rent-a-roof solution from 2009 until July 2012, the period with 

relatively high GSC compensation for medium sized systems (<250 kW; Figure 4). 

However, when GSC compensation was lowered, the business model had to be 

abandoned: 

“At some point, renting a roof became impossible. You had to spread your 

margins over too many players and you just could not do it without the 

subsidy”  

(Interview with Solar Company A) 

This shows how decreasing revenues from support instruments impacted the profit 

and external value chain business model components, impeding the further 

exploitation of the business model. Moreover, with decreasing support levels, 

entrepreneurs needed to adapt their business model to other customer segments 

with relatively high electricity prices and support in place (customers component). 
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For example, one company reoriented to the 10-250 kWp segment in 2013, 

since this had the highest level of support (see Table 8): 

“Suddenly the situation has totally changed, much faster than we expected. 

You have to adapt your business to these circumstances, you have to focus 

on other segments….We had to reorient to 10-250 kWp…we need to 

continually adapt.” (Interview with Solar Company C) 

This shift in targeted customer segment also matched the installed capacity 

numbers for small, medium and large systems (Figure 1), showing how medium 

sized systems continued to be installed in 2012, unlike large systems with low 

levels of support from January 2012. The above quote also shows the need for a 

flexible organization, especially in times of decreasing support, for example by 

hiring temporary staff only (internal organization component). Furthermore, as can 

be seen in Figure 4, from July 2011, GSC compensation was reduced every few 

months. Since customers wanted to benefit from the higher tariff rates, deadlines 

became stricter, requiring adaptation of the business model value constellation as 

well (Internal organization component): 

“This peak changed from once per year, to once every ten months, to once 

every three months….In order to handle those peaks, you need to better 

organize and coordinate the purchasing. The internal dynamics have to 

change drastically in order to finish the projects on time.”  

(Interview with Solar Company C) 

Entrepreneurs also smartly adapted their business model in order to obtain 

maximum benefit from the support available. For example, by spreading an invoice 

over two years, residents could avoid the maximum cap for tax reduction, thereby 

profiting from higher tax discounts (internal organization and products/services 

components). In a public-private PV project, an extra firm had to be started up in 

order to apply for the ecology premium (external value chain component). In 

another case, this was done via selling one share to another company operating the 

business model (external value chain component). However, this also led to 

discussions on regulations related to the support instrument, sometimes even via a 

court case. An energy cooperative applied for an ecology premium for installing 

PV, and had to go to court to obtain it since the support instrument was originally 

meant for companies only [85].  

Finally, implemented support instruments might have been 

counterproductive. Since VAT reductions only applied to houses more than five 

years old, this delayed rather than supported investments in PV. However, such 

anticipation of future support (i.e. a more profitable value proposition for the 

customer) may have had negative consequences:  

137



“There are examples of new houses that were built ready to install PV 

panels (cabling, roof mounting) but waited five years for actual 

installation…. When GSC began to drop, some regretted that and decided 

not to wait five years, but other people were too late”  

(Interview with the PV trade association) 

The above discussion shows how entrepreneurs in the field strategically adapted 

their business model in order to fully exploit available support instruments and 

create financially viable business models. This is in line with Al-Saleh and 

Mahroum (2014) who studied the built environment and found entrepreneurs to 

adopt opportunistic behavior in response to ‘carrot-based’ policies when 

developing green business models [86].  

Although some business models might be financially viable, mainstream 

regulations may actually hinder their implementation. This is in line with Hoogma 

(2002) showing that niche shielding is always partial in nature [87]. For example, a 

bank explained why they did not operate a lease business model for residential 

customers (internal organization and cost structure components): 

“There is extra protection for private persons (for lease), strict 

regulations. It is possible, but the costs don’t match the benefits because of 

the enormous amount of paperwork. Also, a special permit is needed.” 

 (Interview with a bank) 

Another company operating a Build-own-operate model for commercial 

application explained how the extra costs of such a project (e.g. notary, man hours 

for meetings), would simply not match the benefits for small scale projects. One 

interviewee reported how a Utility-scale business model was stopped: 

“Regulation was implemented to stop it…It has a very volatile production 

profile, which is difficult to integrate in the net…no permission was 

granted unless there was local use. Also building permits were not 

granted.” 

 (Interview with Business Developer X) 

The above examples show how mainstream regulations also affect business model 

design. A recent study by Behrangrad (2015) showed a similar effect of electricity 

market regulation on business model design for Demand Side Management (DSM) 

[88]. Regulations can even hinder or block particular business models, and may 

hinder or even block it, despite sufficient levels of governmental financial support 

[43] and [89]. Adapting the internal organization or external value chain to such 

regulations is simply too costly. Such ‘soft costs’ include access to the grid and 

balancing, spatial planning and permission, and can counteract governmental 

support instruments [64] and [84]. Morris (2013) considers grid access an essential 

‘layer of access’ for implementing a variety of local renewable energy frameworks 
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[90, p20].  Regulations may thus be related to non-energy areas like building, 

demonstrating how multiple mainstream systems can affect a single niche 

innovation. This becomes even more evident with Building Integrated PV 

solutions, where the building sector strongly affects niche development [91].  

Governments thus play a dual role in shaping business model set-ups. First, 

available support instruments directly affect revenue streams in the business 

models, thereby influencing organizations’ opportunities to design their value 

proposition, internal organization, and external value chain. Second, mainstream 

regulations force entrepreneurs to subsequently adapt their internal organization 

and external value chain, resulting in higher (soft) costs and fewer or even no 

interesting value propositions for their customers, despite sufficient levels of 

support.    

5.5 Discussion and conclusion 

Triggered by high levels of governmental support, the Flemish PV market has 

shown extensive growth over recent years, in particular between 2006 and 2012. 

This study provides insight into which aspects of the Flanders region of Belgium’ 

support instruments fueled this growth and through which business models. From 

the entrepreneurship literature perspective, governmental policies represent a 

particular source of entrepreneurial opportunity [6]. Similarly, institutional 

theorists argue that institutional processes (rules, norms, beliefs) influence 

economic systems [92]. The essence of actors in such an economic system can be 

best described by their business model, namely the way value is created and 

captured [36] and [93]. Such business models can potentially support the market 

up-scaling of new technologies like PV by overcoming barriers such as information 

deficiencies or high initial investment costs [9] and [39]. Prior studies also 

suggested that it is the external value chain and customer interface that link the 

individual company to the wider socio-technical system in which it is embedded 

[8]. However, our results show that the mainstream regulations and support 

instruments affect all the business model components. 

The provisions at the higher, more aggregated energy system level directly 

influenced the opportunities for cost and benefit allocation and financial 

attractiveness of more locally embedded PV business models. Active shielding of 

the Flemish PV niche became highly dynamic, with financial support available at 

various governmental levels [5]. Entrepreneurs exploited such opportunities by 

adapting various components, including non-financial ones like the internal 

organization or external value chain of their business model. Sometimes this has 

led to working in the ‘grey areas’ of regulations related to support instruments.  

The high GSC compensation was significant, making PV attractive even for large 

scale projects with relatively low electricity prices. Additionally, external investors 

got involved in Build-own-operate business models for residential and commercial 

applications (B2B). However, when GSC compensation was reduced, the market 

proved to be still highly dependent on support and stagnated. A similar situation 
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occurred in Germany and Italy, where severe cuts in financial support for PV 

deployment resulted in respectively a 70 and 57 percent market decline in 2013 [2]. 

Flemish businesses shifted towards smaller systems where PV was still competitive 

thanks to higher electricity prices and higher GSC compensation. Also, the “Build-

own-operate” business model became unviable and was abandoned. A new 

regulation in January 2014 enforces the use of renewable energy in new houses and 

office buildings [94]. This shows that the market is still dependent on active 

shielding in some form; however this is a quantity driven instrument rather than 

direct economic support and, as such, does not directly affect governmental 

budgets [12].  

Conflicting regulations, originating from mainstream systems like building 

or finance may unintentionally limit the effectiveness of support policies 

[43],[64],[84],[89] and  [90]. We found that some business models were directly 

restricted by existing mainstream regulations or had to adapt to changes in support 

instruments and mainstream regulations. These sometimes counterproductive and 

highly dynamic forces have led to a changing business model constellation over 

time. From the grid stability perspective, business models at district level involving 

several stakeholders are much more desirable since they stimulate local use of 

energy by engaging users with counter-balanced energy use profiles (e.g. schools 

and office buildings vs. residential houses). An example of that is virtual power 

plants, however in Belgium, as in many other European countries, existing 

mainstream energy regulations are not yet ready for this business model. This 

should be revised in the future. 

Additionally, the cost and benefit allocation over different stakeholders at 

the higher energy system level should be carefully managed by policy makers. The 

regional government of Flanders definitely succeeded in substantially increasing 

the installed capacity for PV, mainly through GSC. The unique characteristic of 

GSC is that it has never been part of the governmental budget, representing 

therefore a relatively safe support strategy with no evident need for an exit strategy 

on the policy side [65]. However, the down side is that the cost of the GSC support 

instrument, which had no cap in terms of installed capacity, has rocketed. As 

support is granted for a period of up to twenty years, declining support levels will 

only be felt after many years and will not change the big picture in the short run. 

GSC also provides investors with lower investment risks compared to net metering, 

which can be altered or even exited at any time by the government [64]. However, 

the sudden changes in the level of GSC support created many difficulties for 

companies and led to a low level of certainty for investors. Our analyses further 

revealed that the costs of the GSC support instrument have been distributed 

unevenly, with residents paying the most via their electricity bill. Similar to other 

countries, it was the business sector and the large-scale electricity users that 

benefited relatively more from governmental support. The Netherlands has adopted 

a similar feed-in-tariff scheme. From 2013 onward, payment is also made via the 

energy bill, with those using more electricity contributing less, in line with existing 

energy tax structures [95]. This indicates that design of policy instruments is not 
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only about who receives support, but also who pays for it (policy equity) [21]. 

These are political choices, whereby attractiveness not only depends on the level of 

support, but also on the regulated electricity prices for the particular segment along 

with the system installation costs. In the case of Flanders, those benefitting were 

not equally carrying the load, which caused friction. This has already led to broader 

discussions on cost and benefit allocation in the current mainstream energy 

production and consumption system, a recent example being the tariff for PV 

owners using the grid. In response to the new tariff, the ‘Organisatie voor 

Duurzame Energie’ (ODE; Organization for renewable energy) appealed in 

December 2012: 

“We plea for a thorough debate, including all stakeholders, where all 

elements - costs and benefits- will be taken into account for calculating a 

legitimate network tariff.”  [96] 

Such debates could also open up existing system structures, thereby paving the way 

for further PV market growth and implementation of new types of business models 

that deviate from the status quo [5]. We also see how removing support instruments 

from a government’s national budget can become problematic over time, thus 

necessitating new interventions that disturb market development. 

This paper has shown how governmental support instruments like the GSC 

shape the business environment and the opportunities for companies. We 

approached this issue from a socio-technical perspective. Our focus was 

deliberately not on how the support instruments and mainstream regulations came 

into place (e.g. via lobbying processes and power struggles), although this could be 

an interesting complementary line of research related to the institutional theory 

stream of literature [92]. In this respect, the cost-benefit allocation over the various 

players in the world of energy systems could provide valuable insights. Schaltegger 

and Wagner (2011) consider such activities of institutional entrepreneurship to be 

at the heart of sustainable entrepreneurship, which does not only focus on 

individual firm success, but rather on creating favorable market conditions and 

wider social change [97]. Thompson et al. (2014) were the first to explore how 

sustainable entrepreneurs engage in institutional entrepreneurship, for example by 

introduction of new symbols and quantifying measures [98]. However, more 

research on these processes is needed, including different contexts and 

differentiating between individual and collective efforts. Finally, even though 

Schoettl and Lehmann-Ortega’s model (2011) proved to be a useful analysis tool 

for our research purposes, we believe further exploration is required of PV business 

model set-ups and their operation [44].  
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Appendix A: Calculation of support instruments compensation (€/Wp) 

In this Appendix we calculate the level of support for the various support 

instruments found (€/Wp) for three standardized systems: a small residential 

system of 2,23 kWp, a medium sized system of an SME of 25 kWp and an 

industrial system of 250 kWp for a large company corresponding to an annual 

production of 1750 kWh, 19600 kWh and 196 MWh respectively
5,6

.  These 

systems were selected based on support differentiation for specific system sizes 

and residential and industrial (SME, large company) end users. By focusing on 

KWp instead of kWh we made our calculations insensitive to the particular system 

size selection. For each of the systems we discuss investment and production 

support volumes.  An overview of findings for the three systems is provided in 

Section III. The data file with calculations using this method is available from the 

authors upon request. 

I Small residential system (2,23 kWp) 

a) Investment support instruments

In order to calculate the level of investment support from the different available 

support instruments we first needed to calculate the PV system price. Data on 

turnkey PV system prices for systems smaller than 10 kWp were only available for 

the period 2008-2012 onward (i.e. Belgium prices [59]). Therefore, for 2006, 2007 

and 2013 data were linearly extrapolated Table A.1). 

Table A.1 Turnkey prices (€/Wp) for PV systems smaller than 10kWp in Flanders and 

price of a residential system of 2,23 kWp excluding VAT [59]. * Extrapolated data. 

Year Turnkey price (€/Wp) System price (       ; 2,23 kWp; k€) 

2006 7,2* 16.0* 

2007 6,4* 14,2* 

2008 5,5 12,3 

2009 5 11,1 

2010 4 8,9 

2011 3,5 7,8 

2012 2 4,5 

2013 1,2* 2,6* 

5
 Based on an average production rate of 784 kWh/kWp observed in the Netherlands, a 

neighboring country [99]. 
6
 1750 kWh is half of the average household annual demand for Electricity [100].
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Investment support Flemish government 

From January 2006  until August 2007 an investment support instrument covering 

10% of the total investment was available for households, with a maximum of €7 

per Wp excluding VAT and a maximum system size of 3 kWp [101], [102] and 

[103]. The total level of support could then be calculated as follows:  

                     (A.1) 

With    = support per Wp (€/Wp) and        = price of the residential system 

(€/Wp). 

Table A.2 Support from investment support of the Flemish government. 

Year Turnkey price (          (€/Wp) Support per Wp  (   ) (€/Wp) 

2006 7,2 0,70 

January- 

August 

2007 

6,4 0,64 

Municipal support 

Municipalities have provided support in between €250 and €1000 per household 

[104]. Assuming an average of €625 per household during our time of study we 

could calculate the municipal support per Wp of installed capacity. Note that in this 

case support per Wp of installed capacity is depending on the PV system size 

(larger system means lower support per Wp). 

    
      

  
    (A.2) 

Where    = support per Wp (€/Wp),       = total level of support (€) and 

  =System Size (Wp). 

This corresponds to €0,28 per Wp of installed capacity of our residential system. 

Deduction from taxable income 

From 2006 the Belgium federal government provided households with the option 

to deduct 40% of the PV system investment costs (including VAT) from their 

taxable income. The maximum amount of tax deduction varied over the years and 

ranged from €1280 in 2006 to €3380-€3680 in the period 2007 till 27 November 

2011 (Table A.3) [105], [106], [107], [108], [109], [110] and [111]. For 

investments from 2009 onwards the tax deduction could be spread over three years 

(only for houses older than five years) [108] and [111]. In this way the maximum 

cap could be avoided. Before, people were doing this by spreading their invoice 
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over two or sometimes even three years. For our calculations, we assume the 

system supplier agreed with spreading the payment over two years. As a first step 

we calculated the system price including VAT, assuming a VAT rate of 6 percent 

which is applicable to houses older than 5 years, but younger than 15 years (house 

renovation)  for the whole period of study [112], [113] and [114]. Next, we 

calculated whether the maximum amount of tax deduction could be applied. In case 

40% of the investment cost was lower than the maximum amount of tax deduction 

that was allowed, we used the first for our further calculations. In case 40% of the 

investment was higher than the maximum cap, we spread the investment over two 

years (conservative assumption) so that the maximum cap can be applied twice (i.e. 

maximum cap can be different for the subsequent year). In this way the eligible 

amount for tax deduction (40% of investment) could be fully applied for all years 

of study, except for 2006. Next, we took an average 40% tax rate for households 

and calculated the total tax discount [115]: 

               (A.3) 

Where   =total tax discount (€),      =maximum allowed tax reduction (€) and 

  =tax rate (%/100). 

Support per Wp was then again calculated using Formula A.2. An overview of total 

tax deduction and support per Wp is provided in Table A.3. 

Table A.3 Overview of support from tax discount (€/Wp).  

Year Maximum 

allowed 

annual tax 

deduction 

(     ; 

k€) 

Maximum 

allowed 

tax 

reduction 

by 

spreading 

investmen

t over two 

years (€) 

40% of 

investment 

costs 

including 

VAT (€) 

Tax 

deduction 

(€) 

Tax 

Discount 

(  ; €) 

Support per 

Wp (€/Wp) 

2006 1280 [105] 4660 6814 4660 1864 0,84 

2007 3380 [106] 6820 6010 6010 2404 1,08 

2008 3440 [107] 7040 5205 5205 2082 0,93 

2009 3600 [108] 7200 4732 4732 1893 0,85 

2010 3600 [109] 7280 3786 3786 1514 0,68 

Jan-

Nov 

2011 

3680 [110] 

[111]  

7360* 3313 3313 1325 0,59 

* - Assuming an equal cap for 2012 and the investment made in 2011 to still be eligible for

tax discount in 2012. 
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Lower VAT tariff PV panels and their installation 

As stated above a VAT rate of 6 percent which is applicable to houses older than 5 

years, but younger than 15 years (house renovation)  for the whole period of study 

[112], [113] and  [114]. Similar to the above calculations, we assume the house on 

which the panels will be installed to be in between 5 and 15 years. Total tax 

discount was calculated as follows: 

                                      (A.4) 

With        = price of the residential system (€/Wp). 

An overview of support via VAT reduction is provided in Table A.4. 

Table A.4 Overview of support from lower VAT tariff for the PV system and its 

installation. 

Year Turnkey price 

(€/Wp) 

Support per Wp (€/Wp) 

2006 7,2 1,08 

2007 6,4 0,95 

2008 5,5 0,83 

2009 5 0,75 

2010 4 0,60 

2011 3,5 0,53 

2012 2 0,30 

2013 1,2 0,17 

b) Production support instruments

Green certificates 

In order to calculate the GSC compensation over time we first had to calculate how 

many GSCs will be assigned to the system in total. For the first year this will be 

1,75 certificate as 1 certificate is granted per 1000 kWh produced [62] and [66]. 

However, the system will lose efficiency over time because of system degradation. 

Assuming a linear annual degradation rate of 0,8% we could calculate the total 

amount of GSCs assigned as follows [51]: 

                        
             (A.5) 

With       = total number of GSCs assigned to the system and       = number 

of GSCs assigned in year i=0 (first year). 
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Note that when GSC duration was adapted, imax needs to be changed accordingly 

(i.e. to 9 and 14 for GSC duration of 10 and 15 years of GSCs granted 

respectively).  In the next step the total support from GSC certificates was 

calculated: 

                         (A.6) 

With          = compensation per assigned GSC certificate in year   (k€).  

Finally, support per Wp was calculated by applying Formula A.2 (Table A.5). 
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Table A.5 Overview of support from GSCs. 

Year GSC compensation (k€, per 1000 kWh) [67] 

and [81] 
Support per Wp (€/Wp) 

2006 0,450 6,52 

2007 0,450 6,52 

2008 0,450 6,52 

2009 0,450 6,52 

2010 0,350 5,07 

January-

June 2011 

0,330 4,78 

July-

September 

2011 

0,300 4,35 

October-

December 

2011 

0,270 3,91 

January-

March 

2012 

0,250 3,62 

April-June 

2012 

0,230 3,33 

July 2012 0,210 3,04 

August-

December 

2012* 

0,090 0,68 

January-

July 

2013** 

0,021 N.A. 

August-

December 

2013** 

0,026 N.A. 

* - From August 2012 GSC compensation is only granted for 10 years.

** - From January 2013 banding factors were applied (i.e. >1000 kWh per GSC) and GSC 

duration was reduced to 15 years. GSC compensation fluctuates over time following 

electricity prices making it impossible to calculate its overall support level [81].   

Net metering and self consumption 

There is no limit on net metering in Flanders because of the bidirectional reversing 

electricity meter [116]. Therefore, for both self consumption and net metered 

electricity the end user receives compensation equal to the electricity price. As a 

156



first step we calculate the amount of kWhs produced in year i, again assuming a 

linear annual degradation rate of 0,8% [51]: 

                                (A.7) 

With      = number of kWhs produced in year   and        = number of kWhs 

produced in the first year. 

Since the electricity price varies over time, the value of produced kWhs also 

changes. From January 2007 until July 2012 residential electricity prices on 

average increased with 5,1% [55]. This corresponds to about 1% price increase per 

year. For 2012, residents paid €0,17 per kWh [56] . Assuming a system lifetime of 

20 years, we calculated the electricity price for 2006 until 2032 (2013 plus 20 

years) by extrapolating the 2012 electricity price (with a 1% price increase per 

year). We could then calculate the total support by net metering for a system 

installed in year i using the following formula: 

                   
  
    (A.8) 

With      = number of kWhs produced in year i and     = electricity price in 

year i and i=0 ranging from 2006 until 2013 respectively. 

Support per Wp could then again be calculated using Formula A.2.  An overview 

of findings is provided below in Table A.6. 

Table A.6 Support from net metering and self-consumption. 

Year Support per Wp 

(€/Wp) 

2006 2,55 

2007 2,57 

2008 2,60 

2009 2,62 

2010 2,65 

2011 2,68 

2012 2,70 

2013 2,73 
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II Medium sized system (25 kWp) 

As a first step the system price of a medium sized system of 25 kWp was 

calculated. Since price data on large scale systems on Flanders were not directly 

available we used the data from APERe (2013) and, based on data from Barbose et 

al. (2013), assumed an 8 percent lower price per Wp for medium sized systems 

compared to a small sized system (Table A.7) [59] and [61].   

Table A.7 System price for a medium sized system (10-250 kWp) excluding VAT. 

Jaar Turnkey price small 

(<10 kWp; €/Wp) 

Turnkey price medium (10-250; 

€/Wp) 

2006 7,2 6,7 

2007 6,35 5,9 

2008 5,5 5,1 

2009 5 4,6 

2010 4 3,7 

2011 3,5 3,2 

2012 2 1,8 

2013 1,15 1,1 

a) Investment support instruments

Ecology premium 

The ecology premium is an investment support instrument that was present from 

January 2006 - February 2011 [54] [117], [118] and [119]. For our calculations we 

assume the support instrument to stop by the end of 2010. Companies could apply 

for a percentage of their investment costs. In case the company would prove 

additional environmental performance (e.g. by ISO certification) a few extra 

percent could be added [120] and [121]. For our calculations we assume this to not 

be the case.  Additionally, not all investment costs were eligible for the ecology 

premium, only a percentage indicating the additional costs made compared to more 

traditional investments made (see Table A.8). The total ecology premium could 

then be calculated as follows:  

                     (A.9) 

With   = Ecology Premium (%/100) and   =Eligible Costs (%/100) 

The government also defined a maximum cap for the ecology premium, which 

varied over time from €3,6M to €1,5M and €1,75M respectively [118] ,[120] and 

[121]. As can be seen from Table A.8 for our 25kWp system this cap was not 

exceeded. Also for larger medium systems (up to 250 kWp) this cap would not be 

surpassed. 
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Table A.8 Overview of support from the ecology premium. 

Year Turnkey 

price 

excluding 

VAT  

(€/Wp) 

Ecology 

Premium 

(%) 

Eligible 

Costs (%) 

Support per 

Wp (€/Wp) 

Total 

Support 

(k€) 

2006 6,7 35 [63] and 

[120]  

70 [63] 1,63 40,8 

Jan-July 

2007 

5,9 35 [120] 70 [122] 1,44 36,0 

August-Dec 

2007 

5,9 20 [123] 30 [123] 0,35 8,8 

2008 5,1 20  [123] 30  [123] 0,31 7,6 

2009 4,6 40 [124] 30 [124] 

and [125] 

0,55 13,9 

2010 3,7 40 [126] 10 [126] 0,15 3,7 

Tax discount by tax deduction on profit 

Additionally, a percentage of the investment costs of a PV system can be deducted 

from the taxable income of a company. From 2006 to 2011 this ranged from 13,5 

tot 15,5 percent of the total investment [123], [126] and [127]. For our calculations 

we assumed an average 14,5 percent deduction rate. We also assume the SME to 

make profit and to have a tax rate of  31 percent (average tax rate, for taxable 

profit<323k€) [115]. Calculations are similar to those of the tax discount for small 

systems (see above). An overview of results is provided below in Table A.9. Our 

results are in line with ODE (2008, 2010) estimating benefits from increased tax 

deduction at 5 percent of the investment [123] and [126]. 

Table A.9 Overview of tax discount support. 

Year Turnkey price  excluding VAT 

(€/Wp) 

Tax deduction 

(€/Wp) 

Tax discount 

(€/Wp) 

2006 6,7 0,97 0,30 

2007 5,9 0,85 0,26 

2008 5,1 0,74 0,23 

2009 4,6 0,67 0,21 

2010 3,7 0,54 0,17 

2011 3,2 0,47 0,15 

2012 1,8 0,27 0,08 

2013 1,1 0,15 0,05 
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b) Production support instruments

Green certificates 

From 2006 till 2012 GSC compensation was only defined for two categories: 

smaller 250 kWp and larger than 250 kWp. Support per GSC was therefore equal 

to that of a residential system. From January 2013 support was further 

differentiated and a new category was defined (10-250 kWp). An overview of 

support per Wp of installed capacity for a medium sized system is provided below 

(Table A.10). The same calculation method was used as for the small residential 

system. 
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Table A.10 Overview of support from GSC for a medium sized system. 

Year GSC compensation (k€, per 1000 kWh) 

[67] [81] 
Support per Wp 

(€/Wp) 

2006 0,450 6,52 

2007 0,450 6,52 

2008 0,450 6,52 

2009 0,450 6,52 

2010 0,350 5,07 

January-June 2011 0,330 4,78 

July-September 2011 0,300 4,35 

October-December 

2011 

0,270 3,91 

January-March 2012 0,250 3,62 

April-June 2012 0,230 3,33 

July 2012 0,210 3,04 

August-December 

2012* 

0,090 0,68 

January-July 2013** 0,059 N.A. 

August-December 

2013** 

0,067 N.A. 

* - From August 2012 GSC compensation is only granted for 10 years.

** - From January 2013 banding factors were applied (i.e. >1000 kWh per GSC) and GSC 

duration was reduced to 15 years. Also a new category was defined (10-250 kWp). GSC 

compensation fluctuates over time following electricity prices making it impossible to 

calculate its overall support level [81].  

Self consumption and injection 

Systems larger than 10 kWp are not allowed to apply for net metering [116].Two 

connection points and two meters for both production and use need to be installed 

[116], [122],[123],[126] and [128]. Only direct compensation or auto consumption 

(‘direct net metering’) is possible. Excess electricity will be fed back to the grid 
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and can generally be sold for a price of €0,04-0,05 per kWh [128]. We take an 

average value of €0,045 and assume this to be constant in time (arrangement of 

fixed contract with energy supplier). The value of the self consumed electricity is 

depending on the total electricity use of the company (i.e. the more they use, the 

less they pay per kWh). Though prices are depending on the total electricity use of 

a company, for our calculations we assumed a price of €0,13 per kWh for 2012 

[56]. Again, we assume prices to increase with 1% per year and a system lifetime 

of 20 years (similar to a small system) [55]. Calculations are performed in a similar 

manner as for small residential systems. We assume the SME investing in the PV 

system to be active during the day so that relatively much of the produced 

electricity can be directly self consumed (80%). Again, this is depending on the 

company and the way in which supply and demand are matched during the day. An 

overview of findings is provided below in Table A.11. 

Table A.11 Support per Wp from self consumption and injection to the grid. 

Year Support per Wp (€/Wp) 

2006 1,69 

2007 1,70 

2008 1,72 

2009 1,74 

2010 1,75 

2011 1,77 

2012 1,78 

2013 1,80 

III Large commercial system (250 kWp) 

Again, as a first step the system price of a large system of 250 kWp was calculated. 

We once more used the data from APERe (2013) and, based on data from Barbose 

et al. (2013), assumed a 13 percent lower price for large systems (Table A.12) [59] 

and [61].   
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Table A.12 System price for a large system of 250 kWp. 

Jaar Turnkey price small 

excluding VAT (<10 kWp; 

€/Wp) 

Turnkey price large excluding 

VAT (>250  kWp; €/Wp) 

2006 7,2 6,2 

2007 6,35 5,5 

2008 5,5 4,8 

2009 5 4,3 

2010 4 3,5 

2011 3,5 3,0 

2012 2 1,7 

2013 1,15 1,0 

a) Investment support instruments

Ecology premium 

Calculations for large systems are similar to medium systems, only other 

percentages apply (see Table A.13). Again the maximum cap for the ecology 

premium was not exceeded. 

Table A.13 Overview of support from the ecology premium for a large system. 

Year Turnkey 

price 

excluding 

VAT  

(€/Wp) 

Ecology 

Premium 

(%) 

Eligible 

Costs (%) 

Support per 

Wp (€/Wp) 

Total 

Support 

(k€) 

2006 6,2 25 [63] and 

[120]  

70 [63] 1,09 273 

Jan-July 

2007 

5,5 25 [120] 70 [122] 0,96 241 

August-Dec 

2007 

5,5 10 [123] 30 [123] 0,17 41 

2008 4,8 10  [123] 30  [123] 0,14 36 

2009 4,3 20 [124] 30 [124] 

and [125] 

0,26 65 

2010 3,5 20 [126] 10 [126] 0,07 17 
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Tax discount by tax deduction on profit 

Additionally, a percentage of the investment costs of a PV system can be deducted 

from the taxable income of a company. From 2006 to 2011 this ranged from 13,5 

tot 15,5 percent of the total investment [123], [126] and [127].  For our calculations 

we assumed an average 14,5 percent deduction rate. We also assume the investing 

company to make profit and to have an average tax rate of 33 percent assuming a 

taxable income higher  than 323k€  [115]. Calculations are similar to those of the 

tax discount for small systems (see above). An overview of results is provided 

below in Table A.14. Again, calculations are in line with the estimated 5 percent 

support level as calculated by ODE [123] and [126]. 

Table A.14 Overview of tax discount support. 

Year Turnkey price €/Wp) Support per Wp (€/Wp) 

2006 6,2 0,30 

2007 5,5 0,26 

2008 4,7 0,23 

2009 4,3 0,21 

2010 3,4 0,17 

2011 3,0 0,15 

2012 1,7 0,08 

2013 1,0 0,05 

b) Production support instruments

Green certificates 

Support from GSCs was calculated (similar to small and medium scale 

systems, again including system degradation; Table A.15). Note that from July 

2011 support for large systems was deviating from that of small and medium sized 

systems.  
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Table A.15 Overview of support from GSCs. 

Year GSC compensation (k€, per 1000 kWh) 

[67] and [81] 
Support per Wp 

(€/Wp) 

2006 0,450 6,52 

2007 0,450 6,52 

2008 0,450 6,52 

2009 0,450 6,52 

2010 0,350 5,07 

January-June 2011 0,330 4,78 

July-September 2011 0,240 3,48 

October-December 

2011 

0,150 2,17 

January- July 2012 0,090 1,30 

August-December 

2012* 

0,090 0,68 

January-July 2013** 0,046 N.A. 

August-December 

2013** 

0,053 N.A. 

* - from August 2012 onwards GSC compensation was only granted for 10 years.

** -  From January 2013 banding factors were applied (i.e. >1000 kWh per GSC) and GSC 

duration was reduced to 15 years. Also a new category was defined (10-250 kWp). We took 

GSC compensation values for systems >250 kWp. GSC compensation fluctuates over time 

following electricity prices making it impossible to calculate its overall support level 

[81].  
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Self consumption and injection 

Self consumption and injection for a large system were calculated in a similar 

manner as for medium sized systems. An electricity price of €0,09 was used as an 

input for the calculation (large scale user electricity price, 20 GWh) [56]. Results 

are provided in Table A.16 below. 

Table A.16 Support per Wp from self consumption and injection to the grid. 

Year Support per Wp (€/Wp) 

2006 1,21 

2007 1,22 

2008 1,23 

2009 1,24 

2010 1,25 

2011 1,26 

2012 1,28 

2013 1,28 

IV Overview of results 

Table A.17 Development of support per Wp for a small residential system (<10 kWp) from 

2006-2013 (€/Wp).  

Year Regional 

investment 

support 

Municipal 

investment 

support 

Tax 

discount 

VAT 

discount 

GSC Net 

metering 

and self 

consumption 

Total 

2006 0,70 0,28 0,84 1,08 6,52 2,55 11,96 

2007 0,64
a
 0,28 1,08 0,95 6,52 2,57 12,04 

2008 0,28 0,93 0,83 6,52 2,60 11,16 

2009 0,28 0,85 0,75 6,52 2,62 11,02 

2010 0,28 0,68 0,60 5,07 2,65 9,28 

2011 0,28 0,59
b
 0,53 4,46

c
 2,68 8,53 

2012 0,28 0,30 2,28
c
 2,70 5,56 

2013 0,28 0,17 N.A.
d
 2,73 N.A. 

a
 Until August 2007    

b
 Until November 2011 

c 
Average value over a year. 

d
 GSC support 

fluctuates over time for systems installed in 2013 making it impossible to calculate the 

overall contribution of GSC support. 
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Table A.18 Development of support per Wp for a medium sized system of an SME (10-250 

kWp) from 2006-2013 (€/Wp). 

Year Ecology 

premium 

Tax discount GSC Net 

metering 

and 

injection 

Total 

2006 1,63 0,30 6,52 1,69 10,14 

2007 0,99
a
 0,26 6,52 1,70 9,47 

2008 0,31 0,23 6,52 1,72 8,77 

2009 0,55 0,21 6,52 1,74 9,02 

2010 0,15 0,17 5,07 1,75 7,14 

2011 0,15 4,46
a
 1,77 6,37 

2012 0,08 2,28
a
 1,78 4,14 

2013 0,05 N.A.
b
 1,80 N.A. 

a
Average value over a year. 

b
GSC support fluctuates over time for systems installed in 2013 

making it impossible to calculate the overall contribution of GSC support. 

Table A.19 Development of support per Wp for a large industrial system (>250 kWp) from 

2006-2013 (€/Wp).  

Year Ecology 

premium 

Tax discount GSC Net 

metering 

and 

injection 

Total 

2006 1,09 0,30 6,52 1,21 9,12 

2007 0,63
a
 0,26 6,52 1,22 8,63 

2008 0,14 0,23 6,52 1,23 8,12 

2009 0,26 0,21 6,52 1,24 8,23 

2010 0,07 0,17 5,07 1,25 6,56 

2011 0,15 3,80
a
 1,26 5,21 

2012 0,08 1,04
a
 1,28 2,40 

2013 0,05 N.A.
b
 1,28 N.A. 

a
Average value over a year. 

b 
GSC support fluctuates over time for systems installed in 

2013 making it impossible to calculate the overall contribution of GSC support. 
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6. Mainstreaming Solar:

Stretching the Regulatory Regime 

through Business Model Innovation
1

1
This chapter is based on: 

Huijben, J.C.C.M., Podoynitsyna, K.S., Verbong, G.P.J., 2015. Mainstreaming  

Solar: Stretching the  Regulatory Regime through Business Model Innovation. 

Under revision for Environmental Innovation and Societal Transitions.
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Abstract 

This paper explores how the regulatory regime for Solar PV, defined as a 

combination of niche shielding and mainstream regulations, affects niche business 

models, using the Dutch and Flemish regulatory regimes as examples. The 

regulatory regime does not influence all components of the business model: only 

one or two components are usually affected. The level of niche shielding influences 

the dominant niche empowerment strategy. We also identified substantial 

heterogeneity in fit-and-conform and stretch-and-transform empowerment 

strategies for dealing with the regulatory regime; these strategies differ in terms of 

temporal focus, motivation and shielding characteristic targeted, and have distinct 

implications for business models. Finally, we show that business model innovation, 

sometimes in combination with technological innovation, is a distinct way of 

stretching the regulatory regime. Usually it is the organizational components that 

are redesigned for this purpose. 

Key words: solar PV, up-scaling, regulatory regime, niche empowerment, business 

model innovation. 

170



6.1 Introduction 

New, radically different technologies like solar PV require protected spaces or 

niches to shield them from mainstream selection pressures that are too strict to 

allow them to be competitive (Geels & Schot, 2010; Kemp, Schot, & Hoogma, 

1998; Smith & Raven, 2012). Within niches, the new technology can develop, 

scale-up, and eventually alter the status-quo.  Driven by governmental R&D 

support, solar PV found its first niche application in space (Oliver & Jackson, 

1999). Later, terrestrial applications substituting high-cost competitors followed, 

including remote industrial applications and telecommunications.  

After the 1990s, governmental support shifted from R&D to market 

building, with governments implementing investment and generation-based 

subsidy schemes, and quota obligations (Haas et al., 2011; Mormann, 2012). This 

new wave of financial support provided opportunities for niche entrepreneurs, who 

started to develop new business models for PV, resulting in fast growing markets 

(Dewald & Truffer, 2011; Hinnells & O’Neil, 2012; Huijben & Verbong, 2013). 

Such business models can be considered as vehicles for bringing new technologies 

to the market and as a form of niche innovation (Bidmon & Knab, 2014; Björkdahl, 

2009; Boons & Lüdeke-Freund, 2013; Chesbrough & Roosenbloom, 2002). 

Research-wise, a business model represents a separate unit of analysis (McGrath, 

2010; Zott, Amit, & Massa, 2011).  

Researchers agree that the formal institutional context has a substantial 

impact on innovation in general and entrepreneurial activity and business models  

in the niche (Al-Saleh & Mahroum, 2014; Autio et al., 2014; Blind, 2012; Eckhardt 

& Shane, 2003; Hess, 2013; Hinnells & O’Neil, 2012; Huijben & Verbong, 2013; 

Palm, 2015; Provance, Donnelly, & Carayannis, 2011). However, how the business 

model is precisely affected by governmental policy is still to be investigated. We 

therefore follow the recent call by Greenwood, Hinings, & Whetten (2014) for a 

renewed appraisal of the effect of institutional settings on organizational forms. 

Additionally, we answer to a recent request from Strupeit & Palm (2015) for 

research on the influence of the political context on solar PV business models. 

Formal institutions often have governmental origins and define the rules of the 

game (Scott, 2008). Below we refer to these formal institutions as the regulatory 

regime, setting the boundaries of the business model design space, which 

encompasses all the legal business model design options available to niche 

entrepreneurs. In the first instance, financial market support determines the 

economic competitiveness of new technologies, thereby shielding them from the 

above-mentioned mainstream pressures and creating space for business model to be 

developed (Geels & Schot, 2010; Kemp, Schot & Hoogma., 1998; Smith & Raven, 

2012)
2
. Niche entrepreneurs also have to deal with a wide variety of mainstream 

2 The economic competitiveness of renewable technologies also depends on governmental

support for fossil technologies. For example, in the Netherlands, fossil energy received 
about four times as much financial support as renewable energy in 2010 (CE Delft & 
Ecofys, 2011). 
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market regulations, including building, financial and electricity regulations. Thus, 

niche innovations are only partially protected or shielded from mainstream 

selection pressures (Hoogma, 2002). These regulations can also be 

counterproductive, reducing the effectiveness of market support instruments and 

limiting the business model design space (Mormann, 2011,2012,2014). For 

example, a tax deduction scheme for renewables in the US required the 

involvement of a company with profitable tax to be involved in the business model. 

However, this requires adaptation in the business model and leads to extra 

transaction costs (Mormann, 2014).    

Niches differ in the ways they interact with regulations and how they are 

empowered. Firstly, niches can ‘fit and conform’ with the opportunities the 

regulatory regime provides, while dealing with its limitations (Smith & Raven, 

2012).  Secondly, niche entrepreneurs also try to alter the regulatory regime in their 

favor (‘stretch and transform’), either individually or collectively (Janssen & 

Moors, 2013; Hoogma, 2002; Pinkse & Groot, 2015; Smith & Raven, 2012; 

Thompson, Herrmann, & Hekkert, 2014). Due to these profound differences, niche 

entrepreneurs are also likely to take a different approach to business models. In this 

paper we consider niche business models as a “reflection of the firms realized 

strategy” and a specific locus of scientific inquiry for theory building and empirical 

investigation (Baden-Fuller & Morgan, 2010; Casadesus-Masanell & Ricart, 2010, 

p. 195). By studying the different types of business models employed in the niche

we can reveal different niche actor empowerment strategies for dealing with the 

regulatory regime. We thereby contribute to a recent call by Raven et al. (2015) for 

more research on the mechanisms behind niche empowerment.   

Our potential contributions to the transition studies and business model 

literature are as follows: First, we link niche-level empowerment strategy to 

business models by exploring the potential heterogeneity of the empowerment 

approaches within the same niche. Second, we challenge the assumption that 

governmental policies affect the entire business model, by showing how the 

regulatory regime affects business models differentially, at individual component 

level. Third, we explore the extent to which business model innovation can be used 

as a distinct means for stretching the niche business model design space.   

In this study we employed embedded case study design by incorporating 

both the country (i.e. regulatory regime) and business model level of analysis 

(Eisenhardt, 1989). We researched cases of solar PV business models in two 

countries:  the Netherlands and Belgium, focusing on the Flanders region in the 

latter to limit the variation in language and the associated cultural variations. 

Though geographically close, both countries differed highly in terms of 

governmental support instruments in place over time, resulting in distinct market 

growth patterns (Audenaert et al., 2010; Beliën et al., 2013; Huijben & Verbong, 

2013). The data collection is based on 16 semi-structured interviews with national 
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experts and managers from PV companies in both countries, complemented by 

field observations during knowledge-sharing meetings, as well as extensive 

secondary data such as national sector reports, newspaper articles, and websites. 

In the following section we first provide the theoretical framework for this 

paper consisting of insights from both transition studies and business model 

literature. We then discuss the effect of regulatory regimes on business models, at 

the business model type and the individual component level. We continue with an 

overview of entrepreneurial empowerment strategies for dealing with regulatory 

regimes, and their effect on business models. After a discussion section, we end 

with our main conclusions and managerial and policy recommendations. 

6.2 Theoretical background 

From the 1980s onward, company strategies for dealing with regulatory regimes 

have gained wide attention in both the scientific community as well as from 

practitioners (Beardsley, Bugrov, & Enriquez, 2005; KPMG, 2012; Lichtenberg, 

1991; Martin & Rice, 2014; Shaffer, 1995; Tan, 1996; Wesseling et al., 2014; 

Wilson, Williams, & Kemp, 2011). Innovative, breakthrough technologies are 

likely to change the mainstream environment, consisting of various dimensions 

such as existing infrastructures, user preferences or cultural meaning (Geels & 

Schot, 2010; Kemp et al., 1998; Smith & Raven, 2012). They start their 

development in niches, which represent protective spaces for development of such 

technologies and which operate within a unique set of regulations (Herman et al., 

2013; Huijben & Verbong, 2013). Transition studies distinguish between the 

mainstream environment and niches as part of the regulatory regime affecting the 

niche innovations. Below we build on a recent discussion on the creation, 

development and up-scaling patterns of niches,  focusing on the processes of niche 

shielding and empowerment of niches (see e.g. Smith & Raven  2012;  Smith et al., 

2014; and  Raven et al., 2015), and relate this to the interplay between the 

regulatory regime and the development of business models within the niche.   

6.2.1 Niche shielding 
Niches are formed by shielding processes which can be defined as “processes that 

hold at bay certain selection pressures from mainstream selection environments” 

(Smith & Raven, 2012, p. 1027). Such mainstream selection environments find 

their origin in various domains such as rules and regulations, end-user practices 

and existing infrastructures (Geels & Schot, 2010; Kemp et al., 1998; Schot & 

Geels, 2008). In this paper, we focus on rules and regulations (i.e. the regulatory 

regime, see above). While shielding can be passive in nature, for example in the 

case of solar PV or biomass application in off-grid settings, it can also be actively 

created, for example by setting up a company incubator (Oliver & Jackson, 1999; 

Verbong et al., 2010; Smith & Raven, 2012)  While it was previously assumed that 

niche advocates would first exploit passive niche spaces and then lobby for active 

niche shielding in some form, recent research by Raven et al. (2015) has shown 
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that these two processes are actually intertwined.  

Here we focus on active shielding only and consider this to be enacted by 

governmental agencies that provide various market support instruments to PV 

niche entrepreneurs (Haas et al., 2011; Mormann, 2012). Governments also set 

regulations for applying for the support instruments offered and as such they 

“shape the room for a niche to develop in”  (Hermans et al., 2013, p. 622).  In this 

research we build on Boon & Bakker (2015) who identified different characteristics 

of the shielding instrument including width, depth and duration. While width 

relates to the targeted sector for support, depth relates to the level of support 

provided. Duration of support determines the overall level of support acquired by 

the niche entrepreneur. Such characteristics of shielding instruments are fed by 

underlying arguments (legitimacy) which may change over time and are under 

influence of the other characteristics such as width or depth. However, how exactly 

such theories on active niche shielding relate to niche empowerment strategies and 

business models has not yet been investigated. 

6.2.2 Niche empowerment 

Niche empowerment covers two main ways in which niches can be further 

developed and scaled-up towards the mainstream selection environment (Smith & 

Raven, 2012). First, niche actors can ‘fit and conform’ as such being “competitive 

with mainstream socio-technical practices in otherwise unchanged selection 

environments” (Smith & Raven, 2012, p. 1030). Alternatively, niche actors can 

apply a ‘stretch and transform’ strategy to change the mainstream conditions and 

thereby improve selection criteria for the niche innovation (Smith & Raven, 2012). 

In their analysis of six cases of solar PV, offshore wind and CCS, Raven et al. 

(2015) found the fit strategy was dominant, although there were cases of stretch 

strategy. Business models can be considered as “a reflection of the firm’s realized 

strategy” (Casadesus-Masanell & Ricart, 2010, p. 195). For example, Schaltegger 

et al. (2012) found that different sustainability strategies resulted in different types 

of business model innovation regarding adoption, adjustment, improvement and 

redesign. Zott & Amit (2008) demonstrate that there is a joint effect of the firm’s 

competitive strategy and business model on its performance. Niches not only 

nurture breakthrough technologies, but also host a range of novel business models  

(Huijben & Verbong, 2013; Jolly, Raven, & Romijn, 2012). However, so far the 

role the business model plays in niche up-scaling and its relationship with niche 

empowerment strategies for dealing with the regulatory regime has been unclear. In 

this paper, we analyze business models in the niche at individual component level 

by distinguishing the following: the Value Proposition, Customer Interface, Internal 

Organization, External Value Chain, and Profit Equation (Boons & Lüdeke-Freund, 

2013; Doganova & Eyquem-Renault, 2009; Johnson, Christensen, & Kagermann, 

2008; Morris, Schindehutte, & Allen, 2005; Osterwalder, Pigneur, & Clark, 2010; 

Richter, 2013; Schoettl & Lehmann-Ortega, 2011; Zott et al., 2011). The overview 

and definitions of these business model components are provided in Table 2.  
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Table 1. Overview of business model components ( Boons & Lüdeke-Freund, 2013; 

Doganova & Eyquem-Renault, 2009; Johnson et al., 2008; Morris et al., 2005; Osterwalder 

et al., 2010; Richter, 2013; Schoettl & Lehmann-Ortega, 2011; Zott et al., 2011). 

Business model component Definition 

Value Proposition Product/ service offered to the customer. 

Customer Interface Customer segment targeted and relationship with the 

customer. 

Internal Organization Organizational resources, capabilities and processes needed 

for delivery of the value proposition. 

External Value Chain Partner organizations, their resources and capabilities 

enabling the delivery of the value proposition 

Profit Equation Cost-benefit allocation over the various partners in the 

business model. 

6.2.3 Conceptual framework 

This paper aims to contribute to an improved understanding of niche development 

and up-scaling patterns by focusing on the interplay between the regulatory regime 

and niche business models. The regulatory regime both positively and negatively 

impacts the niche business model design space, which encompasses all the legal 

business model design options available to niche entrepreneurs. These options 

ensure the variety of different business model types found in a certain niche. The 

larger the design space, the larger the potential variety (see arrow I in Figure 1, and 

Figure 2). Niche actors can also follow different empowerment strategies for 

dealing with the regulatory regime, impacting the available niche business model 

design space and resulting in different niche business models (see arrow II and III 

in Figure 1).  

Figure 1.  Conceptual framework: Overview of key concepts under study and their 

interrelationships.  

Regulatory Regime Business Model 

Design Space 

I

II 

III 

Niche Empowerment 

Strategy 
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6.3 Methodology 

For our research we applied an embedded case study design, for which cases are 

investigated at multiple levels such as company and industry (Eisenhardt, 1989). 

We studied business models employed at firm level and their interaction with the 

regulatory regime at play (country level). Two contrasting case studies have been 

selected by following an extreme case study selection method for which a key 

variable is either high or low (Eisenhardt & Graebner, 2007; Flyvbjerg, 2006; 

Seawright & Gerring, 2008). This method is very suitable for exploratory research 

and allows for thorough investigation of contrasting patterns in empirical data and 

deep learning of the phenomenon under study. We selected two cases with 

distinctively different niche shielding characteristics and PV market growth 

patterns over time: the Netherlands and the Flanders region of Belgium (i.e. 

extreme case study selection).  The Netherlands had relatively low levels of support 

in place with  frequent changes in policy (Huijben and Verbong, 2013; Negro, 

Alkemade, & Hekkert, 2012; Verhees et al., 2013). Interestingly, PV market growth 

from 2008-2013 proved to be substantial, mainly in the residential sector, where 

entrepreneurs smartly exploited the available support. In Flanders a wide variety of 

support instruments was available, with green certificates being the most important 

market driver, resulting in exponential market growth for both residential, medium 

and large size commercial applications from 2007 onward and a top-3 classification 

in the EU market in 2012 (EPIA, 2013; Polfliet, 2012; VREG, 2015a). However, in 

2012 market support stagnated, resulting in a collapse of market growth (VREG, 

2015a, 2015b) .   

In order to create an overview of the regulatory regime at play as well as 

relevant debates around particular regulations and related niche and mainstream 

actor responses, we analyzed secondary data for both geographical areas. We 

conducted a broad sampling methodology until saturation in the obtained 

information was reached.  We started by analyzing official publications of the trade 

associations and network organizations in both countries including the Flemish PV 

trade association (PV Vlaanderen) and the Dutch organization for promotion of 

local renewable energy production (Hieropgewekt). We also investigated the 

relevant regulatory institutions in both countries. For Flanders, this included both 

the national and regional electricity market regulators (CREG, VREG) and the 

Flemish Energy Agency (VEA) as well as tax authorities. In the Netherlands, 

organizations included the ministry of economic affairs, the Netherlands authority 

for the financial markets and the Netherlands authority for consumers and markets. 

We also studied sector reports, websites, conference presentations, blogs, 

newsletters, newspaper articles, national PV magazines, legal documents and notes 

of governmental meetings.  

Since we are interested in exploring the interplay between the regulatory 

regime and niche business models at the level of individual business model 

components we aimed for a diverse set of representative business model types in 

both geographical areas. We used conventional types of business models as defined 

in prior studies as an input for selection: Community Shares, Turnkey and Third 
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Party (Asmus, 2008; Drury et al., 2012; Huijben & Verbong, 2013). Combined 

with an analysis of secondary data and snowballing in interviews a sample of 

representative business model types in both geographical areas was created and 

triangulated with other experts in the field. Since we were less embedded in the 

Flemish solar PV market we conducted an extra interview with the chairman of the 

Flemish PV trade association to help us create an initial overview of representative 

organizations for the different business model types. Sometimes, one organization 

had multiple business models in place allowing for cross-validation of findings for 

similar business model types from other organizations. A total of 16 semi-

structured interviews with company CEOs, project managers and business 

developers of representative organizations were held including energy companies, 

PV installers and local energy cooperatives executing a PV project. The interviews 

consisted of different parts, starting with the description of the business model of 

the organization at the level of individual business model components. 

Interviewees were then asked for influence of the current and anticipated or desired 

future regulatory regime on their organization’s business model. The interview 

ended with snowballing for saturation of the sample of representative business 

model types. The interviews were recorded and transcribed, and then interviewees 

were requested to verify the provided information and to give permission for 

(anonymous) publication. Two researchers then iteratively double coded the 

transcripts of the interviews until the full agreement was reached to find the range 

of empowerment strategies applied as well as the impact on niche business models 

and the particular business model components involved. For stretching of niche 

shielding instruments we also coded the particular dimension targeted (width, 

depth, duration).  This procedure is particularly useful in case of explorative, 

theory-building qualitative studies (Pratt, 2009). We supplemented our empirical 

material with the observations of 10 knowledge-sharing meetings organized by 

network organizations like Hieropgewekt or the ministry of economic affairs, 

agriculture and innovation in the Netherlands. Such meetings focused around solar 

PV business models and the effect of governmental policy on the market. 

Sometimes these focused around one particular regulation, for example the zip 

code rose net metering regulation in the Netherlands.  Finally, we triangulated our 

findings by validating them with national experts in the field and by combining 

evidence from the different research methods as such increasing research validity 

(Greene, Caracelli, & Graham, 1989).  

6.4 Results 
Below, we first discuss the effect of the regulatory regime on niche business 

models, at the level of both business model type and individual components, 

assuming a fit and conform empowerment strategy of the niche entrepreneur.  We 

continue by exploring the effect of various empowerment strategies for dealing 

with the regulatory regime applied in both countries and their impact on niche 

business models, again at individual business model component level.  
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6.4.1 Effect of the regulatory regime on niche business models 

6.4.1.1 Niche shielding 

Below we first discuss the impact of niche shielding at the level of business model 

types after which we provide an analysis of the effect of niche shielding and related 

regulations at the level of individual business model components. 

Effect of niche shielding on business model types found in the niche 

Financial market support positively impacts the profit equation component of the 

business model, enabling entrepreneurs to start thinking about business model 

design options that could exploit the financial incentive offered. A high level of 

support also attracts external investors and spurs the implementation of so-called 

third-party business models. This was the case in Flanders, where extremely high 

levels of market support in the form of green certificates attracted a range of 

external investors to the PV market, including banks, companies and public parties 

and implementation of Third Party business models.  

As stated above, dealing with regulations for market support comes at a 

cost for the entrepreneur as well (Mormann, 2014).  Third parties may reduce the 

burden of dealing with regulations by offering supportive services to potential 

investors. For example, a new VAT deduction support scheme for residents in the 

Netherlands was relatively complex and new companies were established to assist 

households in subscribing to the scheme (van der Zwet Accountants en Adviseurs, 

2015). These companies thus implemented a business model that substantiates 

other business models in the niche targeting residents, as such filling a market void 

and supporting further niche development.  

Impact of shielding regulations on niche business model components 

Support instruments may target a particular customer segment such as households 

or agrarians, leading to implementation of specific business models targeting these 

customers only (see e.g. Mehrmuys & Dooms, 2006). Moreover, regulations may 

limit the pool of potential investors in a PV project (Customer Interface 

component). This was the case for net metering support regulations in the 

Netherlands. Net metering is the financial balancing of electricity produced and 

injected to the grid by a PV facility and electricity taken from the grid on the 

energy bill. Since electricity prices decrease with increased electricity use, 

households in the Netherlands pay the highest electricity price, making net 

metering the most attractive for this customer segment.  Not all households have a 

suitable roof for investment or lack the resources for covering the high initial 

investment costs. Therefore, projects were started in which multiple households 

collectively finance a PV system (Community Shares business model). However, 

since these systems are installed on roofs of buildings with higher electricity use 

and lower electricity prices, net metering becomes less attractive, making it very 
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hard to develop a profitable business case. Off-site net metering for the higher 

household rate is not allowed by the Dutch government. The Dutch government is 

a major stakeholder in the net metering debate as part of the electricity price 

consists of taxes and VAT income. In January 2014, new regulations for partial off-

site net metering for common PV projects were implemented (Nederlandse 

Overheid, 2013). Under the new regulations, investors must live within the same 

‘zip code rose’ as the project location affecting the pool of potential investors 

(Customer Interface component)
3
 (Hieropgewekt, 2015a). Thus, regulations for 

niche shielding instruments can impact individual niche business model 

components. 

6.4.1.2 Mainstream market regulations 

Entrepreneurs also need to deal with the mainstream regulations in various sectors 

including energy, building and finance when implementing their business models. 

As stated above, dealing with these regulations may lead to extra costs, both 

directly and indirectly due to adapting the business model  (Mormann, 2011,2012). 

For instance, PV projects in the Netherlands that produce more than 300,000 kWh 

annually required a special grid connection, leading to extra costs and putting 

pressure on the financial viability of the Community Shares business model (Profit 

Equation component) (Hieropgewekt, 2015c). However, from January 2015 the 

regulation was abandoned. The indirect costs for dealing with regulations may be 

so high that they outweigh the benefits of available support instruments, thereby 

preventing business models from being implemented. This was the case in 

Flanders, where a bank decided not to offer their residential clients a lease business 

model since it was too costly for them to deal with all the regulations for protecting 

customers in lease contracts. Economies of scale may countervail such (in)direct 

costs arising from dealing with the regulatory regime.  

Finally, in some cases business models, even though financially viable and 

able to carry the (in)direct costs of dealing with the regulatory regime, may be 

restricted by existing regulations that form a mismatch with the business model. In 

2012, the municipality of Groningen, the Netherlands, tried to implement the 

Property Assessed Clean Energy (PACE) business model, which is a third-party 

model whereby investments are repaid via municipal taxes on properties. However, 

this required changes in existing tax legislation (mainstream financial system) 

which were lobbied for (‘stretch and transform’ empowerment strategy), but not 

approved by the government. This business model then had to be discontinued 

(internal organization component was unfeasible). The above discussion highlights 

that the regulatory regime both creates and restricts the business model design 

space. It impacts the various business components, both directly and indirectly, 

leading to more or less profitable business models (Figure 2).  

3 
A zip code rose is a postal code zone including its direct postal code neighbors. 
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6.4.2 Empowerment strategies and niche business models 

6.4.2.1 Fit-like strategies  

As discussed above, entrepreneurs may follow a ‘fit and conform’ strategy to deal 

with the regulatory regime (Smith & Raven, 2012). We found that organizations 

choose different fit strategies for dealing with a particular regulation. Energy 

cooperatives in the Netherlands were confronted with mainstream regulations for 

energy supply that were geared to large energy companies and so compliance was 

extremely difficult for them. The cooperatives therefore joined forces and applied 

for a permit collectively (Duurzame Energie Unie, 2015). Other cooperatives 

collaborated with mainstream energy players who were willing to share their 

license if cooperative members became clients (external value chain component) 

(Hieropgewekt, 2015b).  

Our cases also show how entrepreneurs can adapt their business model to 

anticipate changes in the regulatory regime (Future-fit). For example, a company 

operating in the Netherlands experienced the burden of having too many 

employees on the payroll when support levels dropped. When expanding their 

business to Flanders, they decided to keep the core organization small to anticipate 

fluctuations in support levels (internal organization component). Another Flemish 

company had to adapt their purchase and sales channels to deal with rapidly 

declining support levels (Internal Organization and External Value Chain 

components). Support levels declined every three months, setting strict deadlines 

for new PV projects (VREG, 2015b).  
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6.4.2.2 Stretch-like strategies 

Entrepreneurs can also astutely adapt their business model, either incrementally or 

radically, in order to obtain extra benefits from the existing regulatory regime. For 

example, by spreading the invoice over two years, residents in Flanders could 

avoid the maximum cap set for a tax deduction scheme (Stretch - Incremental 

business model innovation).  This required adaptations to the internal organization 

of the company and value proposition to the customer. This example shows how 

stretching can increase the depth of the available support instrument, which in this 

case is also directly related to increasing support duration  One energy cooperative 

in Flanders applied for an ecology premium (i.e. investment subsidy) to invest in 

PV systems on their members’ houses. However, the ecology premium was meant 

for companies and not for residents. A court case ruled that the legal status of the 

energy cooperative (Internal Organization) matched the regulations for the ecology 

premium, after which it was assigned to the cooperative (Beauvent, 2013). As such, 

the width of an existing support instrument was increased, allowing others to 

benefit as well.  The above examples show how entrepreneurs can exploit 

opportunities in the regulatory regime by either increasing the width or depth of 

available support instruments with relatively minor business model adaptations.  

Niche entrepreneurs can also more radically adapt their business models to 

deal with the existing regulatory regime and expand the business model design 

space (Stretch - Radical business model innovation). As explained above, off-site 

net metering by households is not allowed in the Netherlands (AgentschapNL, 

2013). This was a major problem for apartment owners wanting to construct a 

collective PV system on their apartment building. In response, a new technological 

device called ‘Herman de zonnestroomverdeler’ (Herman the electricity distributor) 

was implemented with which a whole new business model could be built. The first 

Herman was introduced in 2013; in February 2014 more than fifty devices had 

been sold (Herman de Zonnestroomverdeler, 2015a). The device allocates the 

produced electricity of the central system to individual meters (i.e. to different 

apartments), proportional to the share in the project (Herman de 

Zonnestroomverdeler, 2015b). Some of the electricity can be directly self-

consumed, thereby avoiding buying electricity from the grid; the remainder can be 

net metered. In this way, all the electricity produced is worth the highest electricity 

rate, as such increasing the depth of available net metering support. An online 

application enables the apartment owners to change the division of the electricity 

according to their needs, for example when people move, their shares can be sold 

(Herman de Zonnestroomverdeler, 2015c). The app also provides information 

about the electricity produced and the reduced CO2 emissions. This illustrates how 

new technologies enable the implementation of new business models that can 

exploit opportunities from the existing regulatory regime in new ways, thereby 

expanding the business model design space and increasing the depth of the 

available support instrument. Another example is the ‘company searches neighbor’ 

business model where companies and residents collaborate to exploit two types of 
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market support previously not available to them: net metering at the highest 

possible rate and tax deduction from taxable income for companies, thus increasing 

the width of available support instruments (BOERzoektBUUR, 2015). The 

company invests in a system placed on the roof of a household which can apply net 

metering for the highest rate. The company can apply for tax deduction from its 

taxable income since it is investing in an energy technology. The household pays 

the regular rate per kWh for a period of six years. After this, the contract ends and 

the household becomes the owner of the system and profits from free electricity for 

the remainder of the system’s lifetime.  

Additionally, entrepreneurs can openly cross the boundaries of the 

regulatory regime in order to actively provoke discussion and expand existing 

regulations (Stretch - Openly illegal operation of business model to provoke 

discussion). While operating such a business model is illegal, the moral legitimacy 

of entrepreneurial action protects the actors involved. Several projects in the 

Netherlands still applied off-site net metering even though this was prohibited by 

the Dutch government, thereby aiming at increasing the depth of available net 

metering support   Interestingly, they were supported by local municipalities that 

would (temporarily) provide the necessary back-up funds if the Dutch central 

government decided to collect their tax. This strategy is risky since long term 

financial benefits cannot be guaranteed. Similar strategies were also observed in 

the Dutch health care sector, where niche entrepreneurs tried to influence the 

system context by not conforming to mainstream practices and behaving according 

to standards that still need to be developed (Janssen & Moors, 2013). Entrepreneurs 

may also be deliberately illegally appropriating shielding instruments outside 

society and regulators’ scope (Fraud). For example, Podolefsky (2013) found how 

overpricing of PV systems by entrepreneurs operating a third-party business model 

resulted in an excess of $83 million of taxable assets reported in the US, 

corresponding to $25 million of tax benefits for entrepreneurs between 2007 and 

2011. 

Finally, entrepreneurs may also prepare their business model to anticipate 

changes in regulatory regimes, following a stretch strategy. For example, a new 

‘Herman’ is under development that will allocate the electricity produced to the 

apartments where electricity is needed instantly (Herman de Zonnestroomverdeler, 

2015c). Thereby the amount of directly self-consumed electricity increases and less 

electricity needs to be net metered. The new ‘Herman’ is anticipating limitations in 

net metering (Future stretch - Radical business model innovation). However, this 

may lead to new changes in regulations like taxing directly self-consumed 

electricity as well.  

The above discussion shows how creative entrepreneurs can innovate their 

business models, create more profitable business cases and deal astutely with 

mainstream regulations. However, as explained above, this may also come at the 

expense of higher transaction costs. Moreover, the implementation of these 

business models can be (intentionally) provoking and lead to discussion on the 

application of regulations and even to court cases with uncertain outcomes. Thus, 

183



profitable business cases cannot be guaranteed. On the other hand, the debate on 

regulations may also lead to further easing of existing regulations, thereby opening 

up the market for the wider implementation of similar and new business models as 

was the case with the Dutch net metering experiments The regulatory regime 

affects specific parts of the niche business model. However, it is the entrepreneurial 

strategy for dealing with the regulatory regime that defines the final business model 

implemented.  Appendix A provides a structured overview of the above described 

examples of interplay between regulatory regimes, entrepreneurial strategies and 

niche business models. It indicates how regulatory regimes affect certain 

components of the business model with usually only one or two components 

directly affected. The final business model implemented, however, depends on the 

chosen entrepreneurial strategy for dealing with the regulatory regime, which can 

differ between niche entrepreneurs. Different entrepreneurs can follow different 

strategies for dealing with particular regulations, as was for example the case for 

strategies for dealing with electricity supply regulations in the Netherlands. While 

some entrepreneurs decided to work together in order to obtain a license, others 

joined forces with mainstream players. For stretch strategies and strategies 

anticipating future regulatory regimes we found that it is mostly the organizational 

business model components (Internal organization, External Value Chain) that are 

redesigned for this purpose. 

Our analysis of different niche empowerment strategies employed in both 

countries reveals how both fit and stretch strategies can be oriented to the current 

and anticipated future regulatory regimes (Appendix A). Additionally, while the fit-

like strategies seem only to differ in terms of temporal focus, the stretch-like 

strategies also differ in other dimensions. First, we found that the stretching activity 

aims at either increasing the duration, width or the depth of available support 

instruments. Second, stretching can be enabled by both incremental and radical 

business model innovation. Third, the reasons for stretching may differ from 

personal gains to contribution to wider PV market up-scaling (openly illegal 

stretching), where the latter form of stretching can benefit from societal legitimacy.  

6.4.2.3 Level of shielding and choice of empowerment strategy 

When dealing with regulatory regimes, niche entrepreneurs can ‘pick their battles’ 

and decide to actively provoke one regulation while complying with another. 

Moreover, entrepreneurs can decide to adapt their strategies and business models 

over time. The strategy chosen may also depend on contextual conditions. In 

Flanders, high levels of support led to more straightforward and less creative 

business model concepts, in line with fit strategies. Only when levels of support 

decreased in Flanders could more stretch like strategies and related business 

models be found in the Flemish market, or as explained by the chairman of the 

Flemish PV trade association: 
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“Because of too high levels of subsidy…there was no need to be creative 

with market concepts, this is only about to start”   

(Interview Flemish PV trade association, October 2012) 

In the Netherlands on the other hand, niche shielding was relatively low and 

unstable. There has been fierce debate on regulations and implementation of 

creative business models from the early stages of market development.  

6.5 Discussion 

This paper explores the interplay between entrepreneurial strategies for dealing 

with regulatory regimes and niche business models. Our analysis revealed a variety 

of fit and stretch-like entrepreneurial strategies for dealing with the current 

regulatory regime and anticipating any changes. It thereby enriches our current 

understanding of niche empowerment processes (Smith & Raven, 2012; Smith et 

al., 2014; Raven et al., 2015). Our study makes the following contributions relating 

to the previous research on niche empowerment strategies. First, it highlights that 

different fit and stretch strategies could be chosen by the entrepreneurs within the 

same niche at the same time. Such strategies may follow different temporal 

orientation (present-future). Business models thus not only are a ‘reflection of a 

firm’s realized strategy’ (Casadesus-Masanell & Ricart, 2010, p. 195). Our results 

demonstrate that they also encompass a company’s anticipating strategy for dealing 

with the future regulatory regime. Engau & Hoffmann (2011) find similar strategies 

for airline executives anticipating future changes in regulatory regimes involving a 

high level of risk and uncertainty to their companies, by adapting their business 

models and creating a flat organizational structure. We also show how 

entrepreneurs not only adapt their business model to fit with future regulatory 

regimes but also design it for stretching the anticipated future regulatory regime.  

Second, it demonstrates that a low level of market support can induce a high level 

of stretching activities even if the niche is in an early development phase. Third, 

both fit and stretch can occur not only when the niche interacts with the 

mainstream regime, but also on the interface between the niche (niche shielding) 

and the different business models within the niche. Finally, we showed how 

empowerment strategies can relate to different characteristics of shielding 

instruments (e.g. width, depth, duration) that can even be interdependent. Shielding 

and empowerment are thus not isolated processes (Smith et al., 2014). Additionally, 

our results highlight how the opposing institutional pressures and prescriptions 

shape the business model design space available to companies. Such mixed 

institutional pressures are known as institutional complexity and represent an 

emergent stream of research within the institutional theory literature (Greenwood et 

al., 2011; Raaijmakers et al., 2015; Vermeulen et al., 2014). Our results 

demonstrate that such conflicting institutional pressures can be resolved in a range 

of stretch-like strategies involving business model innovation. We thereby answer 

to a recent call for further research on how the different sources of institutional 
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complexity can lead to specific organizational responses (Vermeulen et al., 2014). 

Finally, while this paper did not explicitly focus on niche nurturing as one of the 

niche development processes, we consider this to be an interesting direction for 

future research activities, especially on the topic of niche policy learning. Only 

recently researchers have  started to explore learning about shielding instruments 

by actors within and outside the niche (Boon & Bakker, 2015; Raven et al., 2015). 

Learning about business models was also indicated as an important feature for 

niche development. Geels (2011) was the first to acknowledge the importance of 

learning about business models in the niche. More recently, Huijben & Verbong 

(2013) described how different types of business models are undergoing 

experimentation within the Dutch PV niche and how different actors learn from 

each other, for example at network meetings. The need for intra and inter-firm 

business model experimentation and learning is also acknowledged by 

management scholars (Chesbrough, 2010; McGrath, 2010; Sosna et al., 2010). 

However, inter organizational learning about the interplay between the regulatory 

regime and niche business models has not yet been interrogated. 

Our study also contributes to the business model literature by positioning it 

better in the transition studies literature. While many studies consider that the entire 

business model is affected by the regulatory regime (Dewald & Truffer, 2011; 

Provance et al., 2011; Hinnells & O’Neil, 2012; Huijben & Verbong, 2013) or 

certain isolated components (Boons et al., 2013), our study highlights that usually 

only one or two components are directly affected. However, we found an impact on 

diverse subsets. Any component of the business model can be affected by either 

niche or mainstream regulations. Interestingly, the profit equation is directly 

affected by the level of shielding, while the niche shielding regulations shape the 

niche by affecting the other four components of the business model. We thereby 

highlight that future transition studies should make an explicit distinction between 

the width and depth dimensions of niche shielding. Among the business model 

components, internal organization is the component most often affected, either 

directly or subsequently redesigned. Whether or not any component would be 

redesigned as well as the level of business model innovation depends on the 

strategy the entrepreneur chooses for dealing with the regulatory regime. We 

contribute to the literature on niche empowerment by showing the implications of 

fit and stretch strategies on business models in the niche. Finally, our results show 

how combination of technological and business model innovation can be a very 

effective means for implementation of stretch empowerment strategies (Boons & 

Lüdeke-Freund, 2013). 

Recently, (Thompson et al., 2014) were the first to examine how 

sustainable entrepreneurs try to change institutions, a topic previously overlooked 

in mainstream institutional entrepreneurship and sustainable entrepreneurship 

literature. They found that entrepreneurs follow different strategies (both individual 

and collective) such as creating new symbols, measuring the benefits of the 

technical innovation or forming a trade association that can pool resources and 

support institutional change processes. Our analysis revealed that both incremental 
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and radical business model innovation (e.g. Chesbrough & Roosenbloom, 2002; 

Chesbrough, 2010; McGrath, 2010;  Zott et al., 2011)  can be a very effective and 

complementary way for sustainable entrepreneurs to stretch the regulatory regime, 

with mostly the Internal Organization and External Value Chain components being 

redesigned. Sometimes stretching efforts openly provoke discussion on particular 

shielding instruments, thereby directly challenging their legitimacy (Boon & 

Bakker, 2015). As such, business model innovation enables institutional 

innovation, which is central to sustainable entrepreneurship (Schaltegger & 

Wagner, 2011).  It might also has the potential to overcome the huge impact of 

mainstream players in policy arenas (Pinkse & Groot, 2015). While our study 

provides valuable insights on niche empowerment strategies, our sample is limited 

in size and we expect that different types of strategies can be found for different 

technologies or institutional contexts. Additionally, such stretch efforts come with a 

risk of triggering lawsuits from the government (Beauvent, 2013).  Risk 

management strategies that could be used to alleviate such risks are definitely 

worthy of future research.  Similarly interesting for further investigation are the 

motives for niche empowerment strategies, which for stretching we found to be 

related to personal gain, wider societal change or both, and other factors underlying 

the choice for the particular type of the niche empowerment strategy (Lehmann 

Nielsen & Parker, 2012; Meek, Pacheco, & York, 2010; Sutinen & Kuperan, 1999).  

6.6 Conclusion and recommendations 

New, radically different business models are essential for transforming our present 

day non-sustainable energy system. Somewhat counter-intuitive though is the fact 

that the niche regulations play a major role in this process by both enabling and 

limiting the business model design space. Our research highlights the different 

mechanisms channeling the interplay between the regulatory regime and the 

different business model components, with usually only one or two components 

being affected. Different fit and stretch strategies can be used for dealing with the 

regulatory regime, with related business models as an outcome. We found that the 

choice of strategy was influenced by the level of shielding in place. Empowerment 

strategies showed different temporal orientation. Stretching of shielding was found 

to be related to different characteristics of related shielding instruments (width, 

depth, duration) and was caused by different motivations. In our opinion the 

business model innovation was a very effective means of stretching the current 

regulatory regime, even for incremental business model innovation. It is mostly the 

organizational parts of a business model that are redesigned for this purpose.  

Managerial and policy implications 

Based on the above, we encourage niche entrepreneurs to critically assess how 

their current business model can be improved to smartly exploit available market 

support instruments or deal with regulatory barriers.  Combining technological and 
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business model innovation can lead to very innovative constellations. Even 

incremental business model innovation can stretch the regulatory regime. 

Combining two individual support instruments that target different types of end 

users into one business model can be a very effective strategy. However, this 

requires more radical business model innovation, which is also a very efficient way 

of alleviating the effect of opposing regulations. However, stretching often involves 

a high risk of disputes and court cases. Since the regulatory regime is continuously 

shifting, strategic reorientation and business model innovation are constantly 

needed, forming a main challenge to niche entrepreneurs. We therefore recommend 

actively learning from peers, for example via network meetings or online 

information platforms.  

Policy makers on the other hand should consider the types of business 

models they wish to target, which may include previously excluded customer 

segments such as tenants or those with tight budgets. Support instruments should 

be clearly framed in terms of depth, width and duration towards these target groups 

in order to avoid unnecessary spillover of money to other market segments. 

Moreover, an overview of mainstream regulatory barriers should be made as well 

as a strategy for dealing with them. For example, on the one hand  we see new 

experiments announced in the Netherlands in 2013 to try and alter mainstream 

regulations for the electricity supply to communal PV projects in which shares are 

sold to (neighboring) residents and companies (van Heemstra, 2013). On the other 

hand, a third-party business model that needed adaptation in mainstream financial 

regulations was not supported (Huijben & Verbong, 2013). Finally, shifting 

regulatory regimes that alter the costs and benefits throughout the energy system 

should be carefully assessed.   
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7. Conclusion

As I argued in the introduction of this thesis, the world is in need of changing its 

present day energy production and consumption system. A highly promising ‘seed’ 

for such a change is solar PV, a technology that can be applied almost everywhere 

and that is making use of the most abundant resource in the world: solar irradiation. 

Over the last decade solar PV markets all over the world started to grow 

exponentially. However, its overall share in the energy mix is still low and there are 

large geographical differences in terms of installed capacity. This thesis aims to 

provide a better understanding of the mechanisms behind solar PV market 

development, up-scaling and eventually mainstreaming of the technology, by 

building on insights from transition studies and business model literature.   

Radically different technologies like solar PV require protected spaces or 

niches for their development where they are shielded from mainstream selection 

pressures. This thesis has been built around three central concepts related to niche 

development and up-scaling and their interrelationships: grid parity, business 

models and regulatory regimes. The underlying promise of grid parity is that once it 

is there the solar PV market will boom and flourish automatically. However, grid 

parity is an ambiguous concept and more may be needed for niche up-scaling. 

Business models are designed that enable the commercialization of the new 

technology by overcoming barriers for solar PV market development such as high 

up-front investment costs and unavailability of suitable roofs. Finally, the 

regulatory regime, defined as a combination of niche shielding instruments and 

related regulations and mainstream regulations, defines the space for niche business 

model design. Niche entrepreneurs can follow different strategies for dealing with 

the regulatory regime, ranging from alignment with the regulatory regime to 

pushing the boundaries of what is allowed which results in different business model 

designs. Moreover, driven by broader climate and energy policy and niche 

developments the regulatory regime is continuously shifting. The following main 

research question has therefore been defined: 

MRQ: How can business model design for solar PV contribute to mainstreaming of 

the technology in the context of shifting regulatory regimes? 

For this thesis, two cases have been analyzed: solar PV development in the 

Netherlands (2008 until April 2014) and in the Flanders region of Belgium (2006 
until 2014). These have been selected based on the highly distinct types and levels 

of shielding instruments in place over time that resulted in different niche growth 

patterns. The thesis thus provides an empirical contribution by studying Solar PV 

market growth for the two cases. It also delivers a theoretical contribution by 

enriching both transition studies and business model literature. In the next sections 

the different sub-questions for this thesis will be answered. I also provide a 

summary  of the   main empirical  findings of the two case  studies.  Next an  overall 
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conclusion to the thesis will be given by reflecting on the interrelationships between 

the three core concepts and their relation to niche development, up-scaling and 

mainstreaming. I  will  also  reflect  on  niche  development  from  a  transition  
studies  perspective.  Additionally, future research options will be discussed and 

policy and management recommendations will be made. 

7.1 Grid parity and solar PV niche development 

RQ1: What is the role of grid parity in the development of solar PV niche business 

models? (Chapter 2) 

The concept of grid parity in essence relates to the point in time when solar PV is 

competitive with mainstream energy sources and has been researched in a two-step 

process. First, available calculation methodologies have been analyzed after which 

a discourse analysis was performed to identify the way in which niche actors give 

meaning to the concept. While a range of calculation methods is available, niche 

actors typically only used the simplest log-linear model. Additionally, many issues 

such as grid connection costs or difference in kWh prices for different types of 

customers were left out. A discourse analysis of the concept revealed how some 

niche actors were deliberately using such a simplified version in order to obtain 

resources and steer future activities and gaining legitimacy for the technology. The 

aim is to create new entrepreneurial opportunities and a larger niche space for 

entrepreneurs to exploit by building new business models or adapting existing ones. 

Others however questioned the usefulness of the concept and indicated the need for 

attention to other non-financial barriers and being careful with the use of the 

concept. This shows how actors in a seemingly homogeneous niche differ in their 

strategic orientation and ideas about solar PV market up-scaling and the barriers to 

be solved. Such barriers include lack of customer awareness, high up-front costs, 

lack of policy support, integration in the grid and degradation of production 

materials for PV systems.  

While the study in this thesis focused on the concept of grid parity, a 

number of related concepts have been introduced over the last years. Some actors 

have introduced a new concept named ‘socket parity’. Similar to grid parity, niche 

actors differ in their definition and interpretation of the concept. While some argue 

that it refers to the comparison with the price per kWh as offered by a utility in 

particular, others consider both terms to be similar (Engelmeier, 2015; IEA, 2014b, 

2015). ‘Investment parity’ or ‘dynamic grid parity’ include future electricity prices 

in the calculations and considering the investment in a PV system as a hedging 

investment (Sinke, 2011; 2012). Additionally, concepts like Levelized Cost Of 

Electricity (LCOE) relate to grid parity and solar PV competitiveness. The high 

number of concepts used for indicating solar PV competitiveness and their multi-

interpretability make it very difficult to make critical assessments. However, as 

shown above, even though there is uncertainty about the exact meaning of such 

concepts and related calculation methodologies, niche entrepreneurs use them in 

simplified form in order to raise interest for the technology. For policy makers on 
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the other hand, being very precise in terms of calculation methods and variables 

included is very important in order to determine the appropriate level of 

governmental support to various customer segments and business model types. The 

analysis of the Flemish solar PV market clearly shows the danger of providing too 

high levels of support without a proper mechanism of adjustment over time behind 

it. Therefore, in January 2013 a new system was introduced for which levels of 

support were recalculated every six months (VREG, 2015b, 2015c). Both the 

calculation methodology and resulting levels of support are publicly available on 

governmental websites thereby significantly increasing transparency for niche 

entrepreneurs (VEA, 2015).  

In the next section I will discuss how a number of the above mentioned 

barriers for solar PV investment can be alleviated or even removed by smart, 

innovative business model design. Section 7.4 discusses the relation between the 

regulatory regime and niche business model design and aims to obtain a deeper 

understanding of the role of governmental policies in the development of the solar 

PV niche.  

7.2 Business models for solar PV niche development 

RQ2: What is the role of business models in the development and up-scaling of the 

solar PV niche? (Chapter 3 and Chapter 4) 

This research revealed different types of business models that can overcome 

barriers and contribute to niche development in a number of ways (Table 1).  As 

can be seen in Table 1, some business models target multiple barriers 

simultaneously and contribute to market development in different ways. Moreover, 

overcoming barriers is often related to the delivery of specific services to the 

customer such as selection of a suitable system supplier, finance or maintenance. 

Business models for combined product-service propositions can thus support niche 

development (Ceschin, 2013; Strupeit & Palm, 2015).  

In business model literature, a business model is said to consist of various 

components: Customer Interface, Value Proposition, Internal Organization, 

External Value Chain and Profit Equation ((Boons & Lüdeke-Freund, 2013; 

Doganova & Eyquem-Renault, 2009; Johnson, Christensen, & Kagermann, 2008; 

Morris, Schindehutte, & Allen, 2005; Osterwalder, Pigneur, & Clark, 2010; 

Richter, 2013; Schoettl & Lehmann-Ortega, 2011; Zott, Amit, & Massa, 2011). 

While this framework is a useful research tool, it is insufficiently able to describe 

business models for solar PV since these operate under a very different set of 

contextual conditions. The technology is mostly operated in connection to the 

electricity grid and forms part of the electricity system of a country. Electricity is a 

collective good for which specific governmental policies are implemented to assure 

safe, reliable and efficient production and supply. I therefore propose an alternative 

set of components for mapping business models for solar PV and differentiating 

between them, thereby contributing to the business model literature (Table 2). 
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These are partly based on Schoettl & Lehmann-Ortega (2011) differentiating six 

generic business models depending on type of application and the level of system 

ownership. An example of a component differentiating different types of business 

models is the project bundling component (individual versus collective buying). 

This component can differentiate a regular turnkey model from a collective buying 

type. Similarly, the degree of pooling investment resources differentiates a third 

party model in which one or a few parties bear the investment costs and a 

community shares model in which large number of investors together finance the 

system. The components form a refinement of the rather crudely defined 

components defined in business model literature. For example, the type of 

application and the type of investor helps to better describe the targeted customer 

(part of the Customer Interface). All solar PV business model components relate to 

multiple general business model components. Table 2 shows how general business 

model components relate to sector specific ones and can be used for systematic 

analysis of solar PV business models in other countries. It can form the basis for a 

new solar PV business model mapping tool.    

Table 1. Overview of PV business models and their contribution to solar PV market up-

scaling. 

Barriers alleviated and contribution to solar PV niche 

development 

Identified business models 

1. Includes those without a suitable roof for PV

(tenants, shaded roof, etc.) and enables installation of

systems at optimum locations with highest yields.

Community Shares (multiple 

investors collectively finance 

a PV project on a common 

roof), Crowdfunding 

2. Reduces the initial investment barrier by creating

economies of scale and/or splitting of the initial

investment, thereby attracting new customers.

Collective buying (groups of 

households or agrarians 

buying PV systems in bulk), 

Community shares, 

Crowdfunding 

3. Total removal of the initial investment barrier attracts

new customers.

Third party (external investor 

finances system) 

4. Reduces risks for end users by supporting the sales

process (providing independent information, supplier

selection) and monitoring and maintenance of the

system after installation.

Collective buying, 

Community shares, Third 

party, Crowdfunding 

5. Attracting customers with heterogeneous motivations

and from broader geographical area to invest in PV

thereby also creating political and social legitimacy.

Crowdfunding 
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Moreover, the flows of electricity and money define the economic value 

created and captured by the different actors involved (Den Ouden, 2012; Strupeit & 

Palm, 2015). A clear example of this can be found in the ‘use of electricity’ and 

‘allocation of support instruments’ components which show how the value flows 

may vary over business model types. The business model operates within a 

particular regulatory regime that is defining the range of options for these flows, 

for example on how to arrange financial contracts between actors or how to deliver 

electricity to the customers. However, it is the niche entrepreneur that decides on 

his or her strategy for dealing with these regulations, resulting in different business 

model designs (see further Section 7.4). Since the regulatory regime changes over 

time this results in a different sets of opportunities for value exchanges between the 

different parties involved as well. Apart from influences of the regulatory regime, 

the particular set-up of a business model can also result in changes in value flows 

over time, for example in terms of system ownership or allocation of support 

instruments. 

Business models can create and deliver multiple types of value for end 

users, the company and its partners, and society at large simultaneously (Foxon et 

al., 2015; Jonker, O’Riordan, & Marsh, 2015; Hall & Foxon, 2014; Porter & 

Kramer, 2011). Business models for sustainable innovations can contribute to 

society by delivery of social, economical and environmental value (Boons & 

Lüdeke-Freund, 2013). Recently a few scholars have attempted to extend the 

business model canvas of Osterwalder et al. (2010) by including social and 

environmental value creation in order to create such ‘sustainable business models’ 

(Foxon et al., 2015; Upward, 2013).  However, until now not much attention has 

been paid to how multiple value creation in business model design works for the 

energy sector. Recent work on energy efficiency measures forms an exception and 

considers multiple value creation to be a success factor for market growth (IEA, 

2014a). Benefits cover a wide range and can include personal health and wellbeing 

as well, while at the same time contributing to societal challenges such as CO2 

reduction and energy poverty alleviation. However, more research is needed on 

how this relates to business model design. This research provides some first 

insights on this type of interplay for renewable energy production. For example, a 

crowdfunding business model for solar PV creates environmental, economical and 

hedonic value to investors, thereby attracting investors with a wide range of 

motivations. In case of investment in a solar PV system on a school building 

educational value is created as well. Additionally, locally organized business 

models (e.g. collective buying, community shares) can support social cohesion in a 

community and can lead to social inclusion. Finally, I have found that 

incorporating elements from other sectors such as finance and ICT in the business 

model design can lead to highly successful implementation. This was the case for 

crowdfunding in the Netherlands which was building on the strong online banking 

system iDeal. Niche business models can also change multiple mainstream systems 

simultaneously. For example, crowdfunding for solar PV has the potential to 

change both the energy and financial sector. 
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7.3 The effect of the regulatory regime on niche business model design 

RQ3: What is the effect of the regulatory regime on niche business model design? 

(Chapter 5) 

Niche shielding and related regulations as well as mainstream regulations for 

different domains such as building, finance and the operation of the electricity 

system together define the regulatory regime in which niche entrepreneurs have to 

operate and develop their business models. Niche shielding instruments provide 

niche entrepreneurs with a set of entrepreneurial opportunities for business model 

design. While shielding instruments are implemented for supporting niche 

development, some actually delay market development. This was the case for the 

lower VAT tariff for houses older than five years in the Flanders region of Belgium. 

Moreover, the costs related to shielding instruments can be very high and the level 

of efficiency of the particular shielding instrument very low (Verbruggen & Lauber, 

2012). Additionally, the cost-benefit allocation over different actors in the energy 

system can lead to situations of inequality (policy equity dimension; Verbruggen & 

Lauber, 2012).  For solar PV this can even lead to social exclusion with people 

being unable to invest in solar PV because of lack of financial resources or a 

suitable roof, while paying the financial support for others. Community Shares, 

Crowdfunding or Third Party business models can provide a solution by including 

those with tight budgets or no roof available.  

Both cases also showed how entrepreneurs had to deal with mainstream 

regulations. Such regulations can both directly and indirectly result in extra costs 

for the niche entrepreneur. In the Netherlands niche entrepreneurs that employ a 

Community Shares business model under the ‘zip code rose net metering 

regulations’ also had to compy with grid integration regulations, resulting in extra 

costs. Indirect costs arise when adaptations in the business model have to be made 

in order to comply with the set regulations. The indirect costs can even be so high 

that the business model is abandoned. In Flanders, a bank decided not to implement 

a lease business model for residents because of too strict financial regulations for 

this customer segment.  Additionally, it is mainstream regulations that define 

electricity prices for different customer segments and that, together with PV system 

prices and available support, determine the profitability for different customer 

segments. For example, electricity taxes in the Netherlands decrease with 

increasing electricity use making net metering less attractive for large industrial 

users. Additionally, and somewhat counter-intuitively, niche shielding can also 

result in indirect costs for the niche entrepreneur. In order to be eligible for the 

particular shielding instruments, niche entrepreneurs have to comply with a set of 

regulations and adapt their business models accordingly. The role of the 

government in shaping business models can thus be significant,  even for business 

models such as crowdfunding that initially seem to be very much in line with a 

'Small Government, Big Society' rhetoric. Moreover, driven by broader 

developments outside the niche entrepreneur’s scope such as broader climate and 
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energy policy making, the regulatory regime is shifting. Additionally, the 

government is monitoring niche developments and adapts regulatory regimes 

accordingly. The shifts in the regulatory regime leads to high complexity for niche 

entrepreneurs who continuously have to adapt their business models and strategies 

for dealing with the regulatory regime (see below). Finally, since the effect of 

changing regulations is not always clear, governmental agencies can support 

experiments in which new regulations can be tested. For example, energy 

cooperatives in the Netherlands can apply for partial release of electricity 

regulations for a period of 10 years with the aim to support local energy 

experiments and the implementation of new business models (RVO, 2015). 

7.4 Niche empowerment strategies, the regulatory regime and business model 

design  

RQ4 What kinds of empowerment strategies do solar PV niche entrepreneurs 

employ for dealing with the regulatory regime and how do these affect niche 

business model design? (Chapter 6)  

Niche entrepreneurs can follow a range of empowerment strategies for dealing with 

the regulatory regime. These can be enacted at the same time thereby combining 

different institutional logics and resolving potential conflicts between them 

(Battilana & Dorado, 2010; Jay, 2013; Vermeulen et al., 2014). Such strategies 

differ in terms of time orientation (present-future). Entrepreneurs can anticipate 

shifts in regulatory regimes with both a fit and stretch strategic approach and 

implemented or prepared related business model adaptations. Strategies for dealing 

with available shielding instruments were found to target either the level of support 

or the type of customer segment eligible for the particular instrument. The choice 

of strategy determines the business model design implemented and can require 

cooperation with other niche actors, local authorities or even mainstream players. 

For stretch-like strategies both incremental and more radical business model 

innovation was found. The business model is thus a distinct means for stretching 

the regulatory regime in addition to for example lobbying by niche entrepreneurs. 

Mostly it is the organizational components of the business model that are being 

adapted for this purpose. Such stretching activities can also be highly provocative, 

with niche entrepreneurs employing a business model that is crossing legal 

boundaries to question the legitimacy of the existing regulatory regime. Such 

strategies may however come at the risk of governmental reaction and set-back.  

This also shows that the underlying motives for choosing a particular 

empowerment strategy varies over niche entrepreneurs. Niche entrepreneurs learn 

from each other about potential empowerment strategies and related business 

models as well. Finally, the choice of strategy depends on the level of shielding in 

place: relatively low levels of shielding provoke stretch-like strategies, even in the 

early phases of niche development, and high levels of shielding result in more fit-

like strategies and related business model designs. 
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7.5 Solar PV niche development in the Netherlands and the Flanders region of 

Belgium 

The highly distinct types and levels of support in place as well as the difference in 

niche empowerment strategies employed to deal with the shifts in regulatory 

regimes resulted in very different business model constellations in the Netherlands 

and the Flanders region of Belgium over time. For the Netherlands, business 

models mainly targeted small to medium sized systems (residential, SMEs) since 

net metering support levels were relatively high for this segment. Collective buying 

business models at national, regional and local level were very popular and targeted 

both residents and agrarians. At local level these were often initiated by local 

energy cooperatives. The key to their success was to organize the whole purchasing 

process and to obtain a discount with the system supplier and installer because of 

economies of scale. Some third party business models were implemented for the 

residential sector with energy companies or PV system suppliers financing the solar 

PV systems. Community shares models suffered from low levels of net metering 

support since off-site net metering was not allowed. This resulted in niche actors 

crossing legal boundaries and creating smart business model setups in order to 

obtain the highest level of net metering support, sometimes supported by 

mainstream players or local authorities or by combination with technological 

innovations. Simultaneously, niche entrepreneurs tried to align with governmental 

interests in order to reduce damage from lower future net metering levels. The low 

levels of support thus resulted in creative business model solutions and more 

radical business model innovation. The high degree of instability in the regulatory 

regime further added to this need for creative solutions.   

The high levels of support in Flanders, mainly originating from the green 

certificate support scheme, resulted in turnkey business models targeting small, 

medium and large residential and commercial systems. The high levels of support 

also triggered external investments and third party business models targeting 

mainly larger systems. In contrast to the Netherlands, collective buying was rarely 

applied. Shielding instruments were not that much debated, since the level of 

support was so high. Niche entrepreneurs however did try to obtain extra benefits 

from existing support instruments, either by increasing the level of support of an 

instrument they were already eligible for or by connecting to one that was 

previously unavailable, like an energy cooperative applying for an ecology 

premium for companies. This was done by incremental business model innovation. 

Overall, due to the extremely high levels of support in place the business models 

implemented in the Flanders region of Belgium were much more conservative than 

those found in the Netherlands. The analysis of the two cases also shows how 

different types of entrepreneurs were active in the niche ranging from local energy 

cooperatives, NGOs, PV companies, local authorities and even mainstream players.  

Niche shielding instruments in the Netherlands and the Flanders region of 

Belgium provided a set of entrepreneurial opportunities for business model design 

and market development. However, in both countries the financial costs for these 
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shielding instruments proved to be very high. In the Netherlands, net metering was 

the most important shielding instrument driving the installation of small and 

medium sized systems for which relatively high competing electricity costs apply. 

Related cumulative costs were estimated at €69 million for the period 2006-2012 

and in between €1,8 and €4,8 billion in 2025 (cumulative costs) depending on the 

future choice of policy strategy and assuming an installed capacity of 3 GW in 

2020 (van de Water, 2014). In Flanders the green certificate scheme for which one 

certificate was granted for 1000 kWh of electricity produced was the main market 

driver for small, medium and large systems (Polfliet, 2012; VREG, 2015a). The 

open-ended character of the green certificate scheme in Flanders resulted in €1.5 

billion of costs for 2006-2013 and will result in an additional €6.6 billion for the 

period 2014-2031. Total costs will be even higher since the green certificate 

scheme is still in place and installed capacity numbers continue to grow. A 

comparison of the costs made in the period 2006-2013 and the resulting installed 

capacity numbers in both cases shows that the net metering scheme in the 

Netherlands has been much more efficient (Verbruggen & Lauber, 2012). Both 

cases also show uneven distribution of those who contribute to support instruments 

and those who receive it with households and SMEs contributing the most 

(shielding instrument equity; Verbruggen & Lauber, 2012). 

7.6 Overall conclusion 

MRQ: How can business model design for solar PV contribute to mainstreaming of 

the technology in the context of shifting regulatory regimes? 

In this thesis I have researched the development of the solar PV niche in the 

Netherlands and the Flanders region of Belgium using three key concepts: grid 

parity, business models and the regulatory regime. Business models for solar PV 

contribute to niche development in various ways. Whether or not such business 

models can be implemented is depending on the present regulatory regime which 

defines the business model design space. The business model design space 

provides a set of opportunities for business model implementation in the niche. 

Niche entrepreneurs follow different empowerment strategies to deal with the 

regulatory regime. They can opt for ‘fit and conform’ or ‘stretch and transform’ like 

strategies. If successful, the latter type of strategy can lead to an expansion of the 

niche business model design space. Discourses around solar PV can positively 

influence the available business model design space as well. One of the key 

concepts in such discourses is grid parity, the point in time when solar PV will be 

competitive. Some niche actors argue that grid parity will be there in the near 

future. Such arguments support the idea of implementation of temporary niche 

shielding.  Other niche actors point at the shortcomings of the concept and the need 

to remove other mainstream (regulatory) barriers as well. These types of arguments 

are especially important in the early phases of niche development to create space 
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for business model implementation. Figure 1 provides an overview of the relation 

between the three key concepts and the business model design space. 

Though the solar PV niche has grown significantly in both the Netherlands 

and Flanders, it is still depending on niche shielding in some form for its 

development. This was especially visible in the Flanders region of Belgium, where 

lowering of available support levels resulted in a complete stagnation of the market 

from 2012 onward. For a number of shielding instruments the level of support has 

thus already been decreased over time or announcements for staged decreases have 

been made (e.g. for net metering in the Netherlands). Sometimes such staged 

decreases are directly coupled to current PV system and electricity prices for 

particular customer segments. This is done in order to prevent too high levels of 

support. At the same time, niche entrepreneurs in both the Netherlands and the 

Flanders region of Belgium have been smartly innovating their business models in 

order to obtain and remain higher levels of support. Finally, both cases show how 

overall costs for support instruments can increase significantly when the niche 

develops, especially if there is no maximum cap defined. This will at some point 

lead to a debate on overall cost-benefit allocation over different actors in the energy 

system, especially when the shielding instrument is not paid for by governmental 

budgets but via the energy bill.   

While shielding instruments provide niche entrepreneurs with the 

necessary means to create financially viable business models for PV, they also have 

to deal with mainstream regulations such as building permits, grid access or 

regulations for financing of the solar PV system. Since these are often part of larger 

systems delivering key societal services (e.g. electricity supply) it remains very 

difficult for niche entrepreneurs to implement business models that stretch these 

regulations. The government can alleviate the burden of dealing with such 

regulations by exempting niche entrepreneurs from having to comply with those 

regulations. For example, in the Netherlands the government has announced 

experiments which allow for partial adaptation of the national electricity law for 

local energy production and supply. Additionally, local energy cooperatives 

operating a community shares business model under the ‘zip code rose regulations’ 

are exempted from costs for grid connection.   

Over time niche entrepreneurs have incorporated innovations from other 

(sustainable) sectors in their business model designs as well, such as organic food 

and online crowdfunding. They thereby create new types of multiple value 

propositions and niche development opportunities. This can result in new shielding 

opportunities as well, as was the case for asbestos removal at agrarian farm barns 

in the Netherlands and replacement by roofs with solar PV panels. Niche 

entrepreneurs have to deal with the regulations for these innovations in their 

business model designs. For example, the Netherlands Authority for the Financial 

Markets is regulating crowdfunding activities in the Netherlands.  
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But what does it take for the solar PV niche to scale-up and become the new 

mainstream? Considered from the perspective of the regulatory regime this would 

probably result in part of the niche shielding being institutionalized. What previous 

has been niche shielding now will become protection for vested interests as is the 

case for fossil energy sources today. Additionally, in the mainstreaming process 

part of the old mainstream regulations will be replaced by regulations from the 

solar PV niche and other sectors resulting in a partially new set of mainstream 

regulations. Mainstreaming of the solar PV technology does not automatically lead 

to a high share in the energy mix. As was explained above, for increasing the solar 

PV market share combinations with innovations from other sectors can be very 

beneficial. For higher shares of solar PV combinations with ICT, electric mobility 

and energy storage are essential for operating the electricity system as a whole and 

to ensure a reliable energy supply. The level of operation of such a system can be 

both small scale in the form of local smart grids and large scale in the form of large 

energy storage facilities. This also corresponds to different types of regulatory 

regimes operated and specific types of business models being employed within 

such regulatory regimes. While first glimpses of such development pathways can 

be seen today, the overall outcome is not yet clear. Mainstreaming solar PV thus 

requires a continuous business model reorientation of the niche entrepreneur when 

navigating his business through shifting regulatory regimes.     

7.7 Development of the solar PV niche from a transition perspective 

So what is the status of the solar PV niche from a transition perspective? This 

thesis shows that solar PV is still highly dependent on governmental support 

(shielding) in some form and as such can still be considered a niche. Moreover, its 

overall contribution to the energy mix is still relatively low, though peaks of 

production can have significant impact on system level. This thesis shows that the 

niche has entered the next phase of its development in two different ways. First, 

established power structures and cost-benefit allocation structures are now under 

pressure. Debates on national level focus around particular support instruments like 

the zip code rose net metering regulations in the Netherlands and the green 

certificate scheme in Flanders. Debates are also present at international level, as 

shown by a recent report of the Organization for Economic Co-operation and 

Development (OECD) indicating the urgent need to remove existing fossil fuel 

support structures in order to mitigate climate change (OECD, 2015). These 

developments may over time develop into wider windows of opportunities for solar 

PV and other renewables. On the other hand, declining oil prices and future 

projections of those can have detrimental effects. Second, the niche has also 

entered a new phase in terms of hybridization with innovations from other sectors 

such as ICT or building (e.g. crowdfunding, Building Integrated PV). It also is 

becoming part of integrated, multi-value offers such as energy neutral houses for 
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which energy is not the central selling point to the end user but part of a hybrid 

proposition including comfort, health and safety. These developments are 

indicators for deeper embedding of the solar PV niche in society. Solar PV niche 

entrepreneurs had to deal with different mainstream socio-technical systems (e.g. 

energy, building and financial systems) from the early phases of niche 

development. The new phase of development results in the establishment of niches 

relating to and competing with different mainstream socio-technical systems. This 

also results in new, hybrid regulatory regimes challenging niche entrepreneurs’ 

activities. 

In this thesis I researched solar PV niche development by analyzing the 

interplay between the regulatory regime at play and business models developed in 

the niche. However, while doing so I touched upon a number of other socio-

technical system elements that are of importance for niche development. These are 

closely related to the development of business models, which in first instance are 

often considered to be economical constructs only. Established user practices for 

buying electricity from the grid from a mainstream utility can form a barrier for 

solar PV investment. A new set of practices is needed including the selection of a 

system supplier and organization of installation, insurance and maintenance. 

Business models can include services to take care of this and thereby help to 

overcome barriers for investment. Moreover, end users can have a variety of 

motivations for investment in solar PV, including social and environmental related 

ones, which should be addressed accordingly by the niche entrepreneur when 

designing their business model. Finally, business models enable the setup of new 

social networks, for example in the form of local energy cooperatives organizing 

collective buying of solar PV or connection between farmers and citizens in the 

‘farmer searches neighbor’ business model.   

7.8 Limitations and future research 

This thesis only focused on the ‘regulations and governmental policy’ dimension of 

the mainstream socio-technical system. The question is what the effect is of other 

dimensions such as existing user routines and practices on niche business model 

design. Today, research on user centered business model design is still quite limited 

(Tolkamp, 2015). It remains an open question whether business model design 

should focus on existing mainstream user practices or rather form the basis of 

shaping new ones and how this relates to the stage of niche development. I also 

only studied broader financial cost and benefit allocation in the energy system and 

not on other system impacts such as grid management. This needs further attention, 

especially in relation to mainstreaming of the solar PV technology and desired 

shares in the energy mix, which requires the development of a complementary 

electricity storage infrastructure and new types of business models as well (e.g. 

smart grid business models, see Hall & Foxon, 2014). Additionally, sector 

crossovers like ICT and energy as well as multiple value creation for different 

types of actors involved and combination with other products and services needs 
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further investigation. Here insights from ecosystems literature could provide 

guidance as shown by a recent study by Overholm (2015) on the creation of 

collective opportunities in an ecosystem for solar service companies. Additionally, 

the issue of generalization of findings needs further attention. Other renewable 

energy sources like wind or biomass operate under regulatory regimes that are 

similar to those investigated in this thesis. However, niche innovations outside the 

energy domain (e.g. for ICT or healthcare) operate under very different regulatory 

regimes and therefore comparison with these sectors is recommended. This 

research was conducted in a developed country context with almost all solar PV 

systems connected to the grid and with a regulatory framework in place that is well 

developed and continuously under control of national and regional regulators. I 

therefore propose repeating this research in a developed country context with a 

very different electricity system and accompanying regulatory regime in place and 

research the niche empowerment strategies employed and related business model 

designs. This would also allow for researching the effect of different contextual 

conditions on the found PV business model components and value flows.  

7.9 Management and policy recommendations 

The outcomes of this research have a number of important implications for both 

managers and policy makers which will be further discussed below.  

Management recommendations 

I recommend niche entrepreneurs to critically assess their business models and 

learn from peers about opportunities for multiple value creation and inclusion of 

services and opportunities for online operation. This can result in new regulations 

to be considered by the niche entrepreneur as well. Niche entrepreneurs can also 

create a shared back-office for more efficient organization of parts of their business 

models. They also need to continuously learn both internally and externally about 

the shifts in the regulatory regime, strategies to deal with particular regulations (i.e. 

fit or stretch) and related business model innovations. Stretching may lead to extra 

benefits, but comes at a risk. Which strategy to choose is also depending on the 

motivations of the niche entrepreneur and may require a combination with 

technological innovation and cooperation with other niche actors, local authorities 

or even mainstream energy players. Since regulatory regimes are highly dynamic it 

is important to have a flexible organization, for example by hiring freelancers 

instead of having too many employees on the payroll.  Niche entrepreneurs can 

anticipate future regulatory regimes by preparing adaptations in the business model 

design today. Additionally, collective lobbying and shaping expectations on the 

technology can prevent damage to the market and may result in new opportunities 

for business model design by positively influencing the emergence of the future 

regulatory regime. 
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Policy recommendations 

When designing the regulatory regime, policy makers should consider the 

following issues. First, they should critically assess the target customer segment 

and type of business model to be supported. This may include business models that 

promote social inclusion or social cohesion.  Policy makers need to set clear 

regulations for eligibility for support instruments to prevent flows to non-targeted 

customer segments and business models. Counterproductive support instruments 

like the five year rule for lower VAT levels in the Flanders region of Belgium 

should be avoided. In case of open-ended support instruments, policy makers 

should rethink the structure as this can result in extremely high costs and problems, 

even if it’s not directly part of the governmental budgets. Additionally, they need to 

analyze overall cost-benefit allocation in the energy system to see whether this 

matches broader policy strategies of the government (Satchwell, Mills, & Barbose, 

2015). I also recommend policy makers to map relevant mainstream regulations 

and whether there is an option for removal or partial release of these for particular 

types of business models. They should avoid administrative barriers for support 

instruments as well. If needed, experiments to learn about the effects of rule 

adaptations should be executed. Finally, policy makers should engage with niche 

entrepreneurs in an ongoing learning process on the effects of the regulatory 

regime on niche business model design. This can be organized in different ways, 

for example by dedicated workshops, online documentation or individual company 

consultancy.  Another option is to cooperate with universities to create a living lab 

for experimentation with new business models and future regulatory regimes, 

including a range of actors from within and outside the niche.  
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Summary 

Mainstreaming Solar:  

PV Business Model Design under Shifting Regulatory Regimes 

The present day energy production and consumption system spawns many negative 

externalities such as climate change, poverty issues, pollution, and geopolitical 

conflicts. This requires a radical shift in the energy system, also called an energy 

transition. Solar PV provides a radically different alternative to the present system 

and can help to overcome the above mentioned issues. Despite the exponential 

growth numbers over the last years its share in the energy mix is still low. 

Moreover, growth numbers vary widely geographically. This thesis aims to provide 

a better understanding of the mechanisms behind solar PV market up-scaling and 

mainstreaming of the technology by building on insights from transition studies 

and business model literature.  

Radically different technologies like solar PV require protected spaces or 

niches shielding them from mainstream selection pressures where they can develop 

and further scale-up. One of the main challenges for niche entrepreneurs is the 

relatively high price of solar PV electricity compared to fossil alternatives. The key 

concept related to this is grid parity, the point in time when prices for solar PV are 

equal to their fossil competitors. Niche entrepreneurs have used this concept widely 

to raise interest, shape expectations and obtain resources for their activities. 

However, niche actors disagree about its relation to niche up-scaling and the 

usefulness of the concept. I therefore selected the concept of grid parity as one of 

the key concepts under study for this thesis, in order to explore to what extent it 

could help scale up the PV niche. Certain business models can also contribute to 

niche development in various ways, e.g. by removal of investment barriers such as 

high up-front costs or difficulty in selecting the preferred system supplier. At the 

same time, governmental policies also affect niche development in different ways. 

First, niche shielding is established by governmental market support instruments. 

Second, niche entrepreneurs have to deal with a set of mainstream regulations. In 

this thesis I define the combination of niche shielding instruments and related 

regulations (i.e. for being eligible for the particular instrument) and mainstream 

regulations as the regulatory regime defining the space for business model design. 

Niche actors can deal with the regulatory regime in different ways by either 

aligning with it or trying to stretch its boundaries. Such strategies will be reflected 

in the niche business model design of the entrepreneur. The main research question 

of this thesis is: “How can business model design for solar PV contribute to 

mainstreaming of the technology in the context of shifting regulatory regimes?”.   

 In order to answer this research question I followed an extreme case study 

design including two otherwise comparable contexts with relatively high and 

stable, and low and unstable levels of niche shielding in place: respectively, the 
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Flanders region of Belgium and the Netherlands. A mixed methods approach was 

applied in which primary and secondary data were combined and triangulated by 

interviewing experts in the field. Interviews were held to map business model 

designs in both countries as well as the effects of the regulatory regimes at play. 

Secondary data was used to calculate the relative importance of support 

instruments implemented over time as well as to analyze broader cost-benefit 

structures in place. 

Chapter 2 of the thesis discusses the concept of grid parity by analyzing 

the methods for determining grid parity and performing a discourse analysis to see 

how niche actors construct the concept in their daily lives. Usually actors apply the 

simplest model available to obtain resources and steer activities in order to enlarge 

the business model design space available to them. Moreover, the discourse 

analysis shows how actors in a seemingly homogeneous niche differ in their ideas 

about strategies for niche up-scaling. 

In Chapter 3 I zoom in on the Netherlands and analyze business models 

developed from 2008 until 2012. Three main types of business models were found: 

collective buying, community shares and third party for small to medium sized 

systems, where the first was by far the most common. Net metering, which is the 

financial billing of excess electricity provided by a solar PV system and delivered 

to the grid and electricity taken from the grid at times of low production, was found 

to be the key market driver. Since net metering benefits depend on the end user’s 

electricity price, it is most favorable to small to medium-sized users since they pay 

a higher price per kWh. Because off-site net metering was not officially allowed, 

community shares projects were only applied in the form of provoking 

experiments. 

Financing is considered as one of the major barriers for renewable energy 

market development. Chapter 4 zooms in on a special type of business model in 

the Netherlands that could provide a solution for fund-raising and that has grown 

extensively from 2012 onwards: online crowdfunding for solar PV and wind. Four 

proxies were used to analyze their up-scaling potential: scale, inter-organizational 

learning, support of mainstream players and the government and heterogeneity in 

participants’ motivations for investment. Scale and inter-organizational learning 

are limited but growing. Support is ambiguous and only found in particular 

projects. However, heterogeneity in motivations is very high. The analysis also 

shows a fairly high level of governmental influence on a business model that in 

first instance seems to be in line with “small government, big society” rhetoric. 

In Chapter 5 I present an analysis of the developments in the Flanders 

region of Belgium solar PV market from 2006 until 2013, the period of exponential 

growth and market collapse due to sudden decreases in shielding support levels. 

The very high levels of governmental support triggered investments by both 

residential customers and companies. Moreover, the high levels of support 

triggered investment by external parties. Niche entrepreneurs also smartly adapted 

their business models in order to become eligible for previously excluded shielding 

instruments. The main market driver was the green certificate scheme, for which a 
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fixed amount of money is provided per 1000 kWh of electricity produced for a 

fixed amount of time. A more in-depth analysis of this shielding instrument shows 

an unequal division of those benefitting from the instrument and those carrying the 

load, i.e. paying for the instrument.  

Finally, the interplay between the regulatory regime, strategies for dealing 

with it and business model design at the level of individual business model 

components are discussed in Chapter 6. Strategies for dealing with the regulatory 

regime normally range from fit to stretch. Insights from this study demonstrates 

that they also vary in temporal focus, motivation and shielding instrument 

characteristic targeted, and have distinct implications for business model design. 

Business model innovation, sometimes in combination with technological 

innovation, proved to be a distinct means for stretching the regulatory regime.  

The thesis ends with providing the overall conclusions to the work. 

Building on insights from Chapter 3,4 and 5 it contributes to an improved 

understanding of the various roles of business models in niche up-scaling, for 

example by attracting investors with a wide range of motivations or removal of 

perceived risks for investment. For this thesis business models were mapped using 

business model component descriptions from general business model literature. 

However, these proved to be insufficiently able to describe the working of solar PV 

business models in particular. I therefore provide an alternative set of business 

model components for solar PV business models. These components also show that 

it is rather the flows of electricity and money that define the economic value 

created and captured by the different actors involved. Moreover, business models 

for solar PV can create different types of value for end users, the company and its 

partners and society at large simultaneously. Finally, incorporating elements from 

other sectors such as finance and ICT in the business model design can lead to 

highly successful implementation. Moreover, the thesis depicts the dynamic 

interplay between the regulatory regime and niche business model design. 

Mainstreaming solar PV requires a continuous business model reorientation of the 

niche entrepreneur when navigating through shifting regulatory regimes. 

Parts of this work have been published in Technological Forecasting and Social 

Change, Energy Policy and the Journal of Cleaner Production.  
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