THE RISE AND FALL OF THE DuUTCH PV INNOVATION SYSTEM FROM 1970-2007

A SYSTEM FUNCTIONS ANALYSIS

Simona O. Negrd’, Véronique Vasseut, Wilfried G.J.H.M. van Sark?

* Corresponding author: s.negro@geo.uu.nl; tel.-382253 7166; fax. +31-30-253 2746

1 Department of Innovation Studies, Copernicustutst for Sustainable Development and
Innovation, Utrecht University, Heidelberglaan 838 CS Utrecht, The Netherlands

2 Department of Science, Technology and Societpe@uocus Institute for Sustainable
Development and Innovation, Utrecht University, d&dberglaan 2, 3584 CS Utrecht, the
Netherlands

Paper to be presented at the DIME Internationalf€ence “Innovation, sustainability and

policy”, 11-13 September 2008 REThA, University Montesquieu Bordeaux IV, France

*Draft — please do not quote*



1. Introduction

It is widely recognised that the dominance of fofsel in the world energy system causes
severe environmental problems, such as climate gghafowever, the diffusion and
implementation of alternative technologies, suchresewable energy technologies, goes
slowly. The new technology systems have to compé@the an incumbent technological
system that is locked-in the use of fossil fuelt thenefits from long periods of experience,
leading to high efficiency, low costs, optimal ihgional arrangements, and many vested
interests (Unruh 2000). These renewable energyntdabies that can be labelled as radical
innovation, are, in their early phases of developimstill inefficient, crude, and badly tuned
to the characteristics of the incumbent systemthacefore diffusion goes slowly (Rosenberg
1976).

A relevant question, therefore, is how to breakulgh the current situation of carbon
lock-in, in order to accelerate the diffusion ohegvable energy technologies in society. To
answer this question, it is necessary to open ek lbox of carbon lock-in, and to analyse in
a detailed manner how the development and diffusibmenewable energy sources takes
place. Such an analysis should also allow us tpgdm key mechanisms that block or induce
the development process. Insight into these meshamniis necessary to design policy
arrangements that may efficiently deal with thesRicement and blocking mechanisms, as to
speed up the diffusion process of renewable engrgices.

For opening the black box and analysing the deweént and diffusion process of
renewable energy sources, many different perspectian be used. In this paper we focus on
the perspective of Technological Innovation SystéiiS), since this perspective includes
many components — not just the relative price eftdchnology — but also actors, markets,
networks, and institutions that have an influenae the development, diffusion and
implementation of a specific technology (Carlssod &tankiewicz 1991). In this paper the
specific technology that will be analysed is phattaic technology (PV) in the Netherlands.
The choice results from the gap between the higbr#tical expectations of PV to contribute
to a renewable energy supply, and the actual peaethich shows that PV diffusion goes

very slowly in the Netherlands. The research qaastthat will be answered in this paper are:

What are the inducement and blocking mechanisnihthae determined the evolution
of PV in the Netherlands?
How can the diffusion of PV in the Netherlands becterated?
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2. Technological innovation systems and system functs

The theoretical framework used to analyse the éxwiwf PV in the Netherlands is that of an
emerging Technological Innovation System (TIS).
There are several definitions of innovation systenestioned in literature, all having

the same scope and derived from one of the fifgtilens (Freeman 1987):

“...systems of innovation are networks of institusppublic or private, whose activities

and interactions initiate, import, modify, and dg& new technologies”.

Usually, when innovation systems are studied oatemnal level, the dynamics are difficult to
map, due to the vast amount of agents, relatioms,imsstitutions. Therefore, many authors
who study and compare National Systems of InnomadSI1) focus only on their structure.
Typical indicators to assess the structure of t&¢ &te R&D efforts, qualities of educational
systems, university-industry collaborations, anailability of venture capital. Thus, most
empirical studies on Innovation Systems do not $ocn mapping the emergence of
innovation systems and their dynamics (HekkertrSetial. 2007).

However, in order to understand technological ckamgme needs insight in how the
innovation system around a new technology is bugd Thus insight in the dynamics of the
innovation system is necessary. In a TIS, the nundbeagents, networks, and relevant
institutions are generally much smaller than in&l,Nvhich reduces the complexity. This is
especially the case when an emerging TIS is studsmherally, an emerging innovation
system consists of a relative small number of agantl only a small number of institutions
are aligned with the needs of the new technolodgwsT by applying the TIS approach it
becomes possible to study dynamics and to comebltettar understanding of what really
takes place within innovation systems (Hekkert,rSwt al. 2007). According to Carlsson and
Stanckiewicz (1991) (p.94), a TIS is defined as:

“a network or networks of agents interacting in @edfic technology area under a

particular institutional infrastructure to generategfuse, and utilise technology.”



This implies that there is a technological systemefach technology and that each system is
unique in its ability to develop and diffuse a nmghnology (Jacobsson and Johnson 2000).
A well functioning TIS is a requirement for the b@ology in question to be developed and
widely diffused. The question remains, however, wtiatermines whether or not a TIS
functions well, other than defining success byedhd result, i.e. a high level of technological
diffusion?

Edquist (2004) states that “the main function —tloe “overall function” of an
innovation system is to pursue innovation processes, to develop, diffuse and use
innovations” (Edquist 2004a) (p. 190). In orderd&termine whether a TIS functions well or
not, the factors that influence the overall funatie the development, diffusion, and use of
innovation — need to be identified. Jacobsson athsbn (2000) developed the concept of
system functions, where a system function is ddfee”...a contribution of a component or a
set of components to a system’s performance”. Ttate that a TIS may be described and
analysed in terms of its ‘functional pattern’, ileow these functions have been served
(Johnson and Jacobsson 2000). The functional patenapped by studying the dynamics of
each function separately as well as the interastibatween the functions. The system
functions are related to the character of, andinteraction between, the components of an
innovation system, i.e. agents (e.g. firms androtinganisations), networks, and institutions,
either specific to one TIS or ‘shared’ between mbar of different systems (Edquist 2001).

Recently a number of studies have applied the sy$tections approach, which has
led to a number of system functions lists in therdture (Edquist and Johnson 1997; Galli
and Teubal 1997; Johnson 1998; Jacobsson and JoBA80; Liu and White 2001; Rickne
2001; Bergek 2002; Carlsson and Jacobsson 2004pssan and Bergek 2004; Hekkert,
Suurs et al. 2007). This paper uses the recentigldeed list of system functions at Utrecht
University (Hekkert, Suurs et al. 2007; Negro 200@gro, Hekkert et al. 2007; Negro, Suurs
et al. 2008) that will be applied to map the keyivétes in innovation systems, and to
describe and explain the dynamics of a TIS. Belavoweerview of the system functions used

will be provided.

Function 1: Entrepreneurial Activities

The existence of entrepreneurs in innovation systésnof prime importance. Without
entrepreneurs innovation would not take place dredimhnovation system would not even

exist. The role of the entrepreneur is to turn plogential of new knowledge development,



networks and markets into concrete action to geeeamd take advantage of business

opportunities.

Function 2: Knowledge Development (learning)

Mechanisms of learning are at the heart of anyvahon process. For instance, according to
Lundvall: “the most fundamental resource in the Bradeconomy is knowledge and,
accordingly, the most important process is learhihgindvall 1992). Therefore, R&D and
knowledge development are prerequisites within theovation system. This function

encompasses ‘learning by searching’ and ‘learningding’.

Function 3: Knowledge Diffusion through Networks

According to Carlsson and Stankiewicz (1991) thesee8al function of networks is the
exchange of information. This is important in aic$tR&D setting, but especially in a
heterogeneous context where R&D meets governmentpetitors and market. Here policy
decisions (standards, long term targets) shoulddmesistent with the latest technological
insights and, at the same time, R&D agendas aedylib be affected by changing norms and
values. For example if there is a strong focusdmyety on renewable energy it is likely that a
shift in R&D portfolios occurs towards a higher shaf renewable energy projects. This way,
network activity can be regarded as a preconditiofiearning by interacting’. When user

producer networks are concerned, it can also kerded as ‘learning by using'.

Function 4: Guidance of the Search

The activities within the innovation system than gsitively affect the visibility and clarity
of specific wants among technology users fall urtter system function. An example is the
announcement of the policy goal to aim for a carfaércentage of renewable energy in a
future year. This grants a certain degree of legity to the development of sustainable
energy technologies and stimulates the mobilisatbnresources for this development.
Expectations are also included, as occasionallge®tions can converge on a specific topic

and generate a momentum for change in a speciéctdn.

Function 5: Market Formation



A new technology often has difficulties to compeiigh incumbent technologies, as is often
the case for sustainable technologies. Therefaseimportant to create protected spaces for
new technologies. One possibility is the formatantemporary niche markets for specific
applications of the technology (Schot, Hoogma e1894). This can be done by governments
but also by other agents in the innovation sysi#nuther possibility is to create a temporary
competitive advantage by favourable tax regimemioimal consumption quotas, activities in

the sphere of public policy.

Function 6: Resource Mobilisation

Resources, both financial and human, are neceasamybasic input to all the activities within
the innovation system. Specifically for biomasshterogies, the abundant availability of the
biomass resource itself is also an underlying fadetermining the success or failure of a

project.

Function 7: Creation of legitimacy / counteract istance to change

In order to develop well, a new technology hasdodme part of an incumbent regime, or has
to even overthrow it. Parties with vested interegilé often oppose this force of ‘creative
destruction’. In that case, advocacy coalitions ftarction as a catalyst to create legitimacy
for the new technology and to counteract resistémohange.

Both the individual fulfilment of each system fuioct and the interaction dynamics between
them are of importance. Positive interactions betwsystem functions could lead to a
reinforcing dynamics within the TIS, setting @fftuous cycleghat lead to the diffusion of a
new technology. An example of a virtuous cycle twatexpect to see regularly in the field of
sustainable technology development is the followife virtuous cycle starts with F4:
‘Guidance of the Search’. In this case, societabfams are identified and government goals
are set to limit environmental damage. These degifimise the mobilisation of resources to
finance R&D projects in search of solutions (Féjah in turn, is likely to lead to knowledge
development (F2) and increased expectations alsmiintlogical options (F4). Thus, the

fulfilment of the individual functions is strengtied through interaction.



Vicious cycles are also possible, where a negdhivetion fulfilment leads to reduced
activities in relation to other system functionsereby slowing down or even stopping the

progress.



3. Methodology

The method used to map interaction patterns betvastem Functions is inspired by the
process method called ‘Historical Event Analysis’ wsed by Van de Ven and colleagues
(Van de Ven, Polley et al. 1999; Poole, van de \&nal. 2000). Stemming from
organisational theory, the usual focus is on intiongprojects in firms and firm networks; in
our case, the analysis is applied to a TIS levet & more extensive description of the
methodology please consult (Negro 2007; Negro, ekt al. 2007; Suurs and Hekkert
2007; Negro and Hekkert 2008; Negro, Hekkert e2@08; Negro, Suurs et al. 2008).

Basically, the approach consists of retrieving amynevents as possible that have
taken place in the innovation system using arclia&, such as newspapers, magazines,
reports and interviews. The events are stored idatbase and classified into event
categories. Each event category is allocated tosyséem function using a classification

scheme (see Table 1).

Table 1 Overview of allocation scheme

Function Indicator Sign

Function 1: Project started +1

Entrepreneurial activities Project stopped -1
Organisations entering the market +1
Organisations leaving the market -1

Function 2: Research projects +1

Knowledge development Technological projects +1
Development projects (demonstration + piletl
plant)

Desktop studies on the technology (future of PAL
+ performance of PV-system)

Function 3: Workshops +1
Knowledge diffusion Conferences +1
through networks Reports +1
Platform +1
Roadmap +1
Function 4: Regulations by the government (positivel

Guidance of the search | expectation on the PV-technology)
Deficit of government regulations (negativel
expectation on the PV-technology)
Specific tax regimes (positive expectation on |thd
PV-technology)

-8-



Deficit of tax regimes (negative expectation (o1
the PV-technology)

Positive opinions of experts +1
Negative opinions of experts -1
Positive expectations of experts +1
Negative expectations of experts -1
Function 5: Regulation programmes +1
Market formation Lack of regulation programmes -1
Stimulation programmes +1
Lack of stimulation programmes -1
Environmental standards +1
Lack of environmental standards -1
Specific favourable tax regimes +1
Lack of favourable tax regimes -1
Function 6: Subsidies and investments of the technology +1
Resources mobilization | Lack of investments and subsidies -1
R&D subsidy programmes +1
Lack of R&D subsidy programmes -1
Function 7: The technology is promoted by organisatiansl

Creation of legitimacy | government (awards, brochures, competitions
Lack of promotion by organisations, governmerit
(awards, brochures, competitions)

Lobby activities for the technology +1
Lobby activities against the technology -1
Positive opinions of branch organisations +1

Negative opinions of experts branch organisatiofis

Context General events about renewable enemyy, sign,
technology description, exogenous activities| ho
TIS allocation

The contribution of an event to the fulfilment okgstem function may differ considerably
from event to event. Some events have a positiveribotion to the diffusion of the

technology, while others contribute negatively agr finstance an expression of
disappointment, or the opposition of an importaalitigal group. This is indicated in the
allocation scheme by +1 and -1. The balance betwesitive and negative events yields
specific insights into the slowing down of systemowgth or into controversies emerging

around the analysed technology.



The events are not weighted since the importan@ avent is not known beforehand. Only
after the construction of the narrative the impacta of a specific ‘watershed’ event can be
identified.

The final outcome of the process analysis is aatige (storyline) of how the development of
the TIS has changed over time and the role of ifferent System Functions within this
development. In the narrative the focus is on efitng interaction patterns between System
Functions. Based on the content of the events lagid ¢thronological order, we are able to
deduce the effect of one event onto another anarither in which such events occurred. By
observing reoccurring sequences of events we deg@dentify interaction patterns between
System Functions.
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4. The Case of Dutch PV

4.1 Technology description

PV is the direct conversion of light into electtygii.e. into an electric potential and a current.
Solar cells are made of semiconductor material ¢hiewe two basic tasks. First, the
absorption of light energy to generate free chaageers within the material, and second the
separation of the negative and positive chargeetarto produce unidirectional electrical
current through terminals that have a voltage dkfiee between them (see Figure 2) (Corkish
2004).

Figure 1 Overview of the PV effect (Sinke 2007)

There are various varieties of solar cell desigith different performance and cost features.
The most current type is the crystalline silicor5{f cell as it is reliable and highly efficient.
However their costs are high due to the need faitypand the use of large amounts of
material. In order to reduce the costs other tydesells have been developed in the past 20
years, which can be labelled as second and thinérgdon PV technology (Corkish 2004;
Van_Sark, Brandsen et al. 2007). However, onlyfits¢ generation cells are commercially

available yet, and will be the technology analysethis paper, if not mentioned otherwise.
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4.2 Historical overview of PV from 1970-2008

In this section a chronological description of gwents that took place in the PV trajectory is

presented. The description will be subdivided idifferent year periods. The end of each

period is chosen on the basis of change in ad&itr key events, therefore not all periods are
equal in length. The symbols F1-F7 refer to theere8ystem Functions as described in
chapter 2.

4.2.1 The beginning of PV in the Netherlands

The awareness of the finite amount of fossil fuss increased since the oil crises in the
seventies. The Dutch government guides the seargltilishing two ‘Energy White Papers’
in 1974 and in 1979, which triggers the expectatioh entrepreneurs, who then carry out
research. The positive results lead to the setuphdiy activities by ISES-NL and dr. Giling
for the expansion of fundamental research on PVi@ndcceptance as a renewable energy
source. At the end of 1984 a coordinated prograrstaes for fundamental PV research, the
so-called ISES-programme. The ISES-programme hasrésearch themes concerning PV,
one on crystalline gallium arsenide (GaAs) celi thave the potential of high efficiency (35-
40%) and the other on amorphous silicon (a-Si) \Wath production costs and an efficiency
of potentially 15-20% (DE 1987; Verbong, van Selnale2001).

In 1986 the NOZ-PV programme (5 million euroskstarted with the aim to follow
international activities concerning PV by maintagpiexpertise on several specific areas that
are already present in the Netherlands. Anotherig@dso to promote the development of PV
conversion concerning the future energy provisiorthe Netherlands (DE 1987; Verbong,
van Selm et al. 2001).

Towards the end of the eighties the governmerkesian important contribution in
spite of its doubts (whether PV technology would Im® more appropriate for sunny countries
and decentralised energy systems). They implenmentSupport Regulation Energy Savings
and Flow Energy’ (SES) in 1988 and will renew it 1891. This regulation is directed
towards autonomous PV systems including a speuaidgét, where 40% of the purchase costs
of a system are compensated (N&M 1990; DE 1991ntier interesting subsidy programme
starts in 1989, the ‘Community Energy Saving Appioa(GEA). The main aim of this

-12-



programme is to stimulate local authorities to iempént energy efficiency measures and
stimulate the use of renewable techniques. Theranogie is adjusted in the beginning of the
nineties and stops providing financial support 93, but continues with advising (DE

1997a).

Until this time the assumption is that a breaktigioof PV could only be reached by
technological developments, but besides this alaket stimulation is needed. Therefore the
attention shifts from mainly research on improveiffjciency of cells to both research and
applications. For these reasons a substantial gfatthe budget (about 9 million euros) is
reserved for system research in the second NOZ-ED90:1994) (DE 1992; DE 1993;
Verbong, van Selm et al. 2001). Also, in 1990 tki¢hite Paper on Energy Savingss
published. The goal is that in 2010 2 PJ of fdssls have to be replaced by using PV, which
is equal to 240 MWp of PV modules. This is thetftige that an aim for PV is formulated,
resulting from to the fear of elevated oil pricés@riessen 1993; EnergieNed 2000; Verbong,
van Selm et al. 2001). The awareness about theasment, finite nature and dependency of
fossil fuels increases even more and the framewbrthe ‘National Environmental Plan’
(NMP) inspires the energy distribution companiepublish the first ‘Environmental Action
Plan’ (MAP-1) in 1991. With this agreement they idate themselves to take the social
responsibility by providing a substantial contribat to a sustainable and environment
friendly energy supply (EnergieNed 2000; Verboray) $elm et al. 2001).

Thus the government guides the search by introgudhe above mentioned
frameworks and a specific programme on PV, sudd@z-PV. This triggers the expectations
of entrepreneurs who then carry out research twigeoa professional PV technology. The
‘Energy research Centre of the Netherlands’ (EQRItS to cooperate with a large number of
parties from the Netherlands as well as from foredguntries, originating from both the
research world and the industrial sector. Thesearek groups have an important role during
the development of PV system. In 1994, ECN and R&&tluce an industrial module with an
efficiency of 16%, and R&S starts a pilot produntime for multi-crystalline silicon PV. An
important position by the Netherlands is achievedrldwide with these technological
improvements (DE 1994a; E&M 1994a). In addition sorasearch projects are set up by
several Dutch Universities, where PV is placed oaudse roofs (e.g. Casticum,
Heerhugowaard, Barendrecht) (Schoen 2001; Verbaag Selm et al. 2001). These projects

in Dutch: Nota Energiebesparing
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not only lead to knowledge development and moranimal resources, but also guide the

search by highlighting the importance of this texbgy.

In this period positive results from research (E2Qger lobby activities (F7) for better
institutional conditions (F4), triggering entrepeems to set up the first projects (F1). Thus,
here we observe a first build-up of a virtuous eycl

4.2.2 PV grows further in the Netherlands during the lasthalf of the nineties

However, a turning point occurs in 1994 when theegoment wants to stop the SES
subsidies on small scale PV projects. Howevery atteng criticism from the environmental
movement, the government agrees to end the SESialadn 1995 instead of abruptly
(N&M 1993; DE 1994). In order to compensate for temnished SES subsidy, several
alternative financial stimulations are launchede®y on usage of electricity (PV) and natural
gas is established, called the ‘Regulating Energye$’ (REB) (E&M 1995). Several other
tax measures are introduced as well, where sublainenergy and energy saving are
stimulated fiscally, like the ‘Free Debit Environntelnvestments’ (VAMIL) and ‘Energy
Investment Allowance’ (EIA) programme (SenterNoveDE 1996). In addition several
programmes such as ‘the Green Projects’, the ‘Bn8ayings Funds’ (EBF), the ‘Decision
Subsidy Energy programmes’ (BSE) and later on #mhomy, Ecology en Technology’
(EET) programme are started as well (milieulokemesgy.thrijswijk.nl; E&M 1995; DE
1997). Furthermore, after the end of the NOZ-PVgpaonme (1990-1994), where the focus
was on research and development, a new NOZ-PV (2000) is started in 1997, which is
more market oriented. The main aim of the progransbe realisation of conditions and the
diminishment of the bottlenecks for the large-saatplementation of solar cells in Dutch
energy provision in the twenty first century (DE95®; Roos and Blom 2001).

In the second half of the nineties PV forms thgedat expenditure post in the field of research
and implementation of renewable energy in the N&hds (Verbong, van Selm et al. 2001).
This leads to that the PV market starts to evolzrefgieVerslag 1997). In 1997, R&S
becomes Shell Solar Energy BV and opens a new ptioduline of PV cells with a capacity
of 2.5 MWp per year with the intention of expandingthin a period of five years to
approximately 20 MWp per year (TW 1997a; DE 1997wy 1997b). In addition some

energy distribution companies are active in theoohiction of PV on the market such as
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NUON, PNEM and REMU (DE 1995; E&M 1998; Mierlo 200&arge-scale projects are set
up in this period by applying the PV technologyrmuseroofs in the district of Nieuw Sloten
in Amsterdam, the district Nieuwland in Amersfoartd the HAL project (EnergieVerslag
1997; Mierlo 2006). Other successful projects agalised within the programmes of
Greenpeace, “Solaris” and “PV GO!”, where theyafistd PV modules on 3000 houses (DE
2000; Schoen 2001). All these projects aim to gaiperience from which future project
could learn, in order to increase the diffusionR¥ in the Netherlands. Furthermore the
research in the Netherlands focuses on severakitehich are closely linked, namely cost

reductions, performance improvements and integratito buildings.

The conclusion can be made that the nineties arg seccessful with respect to the
development and diffusion of PV in the Netherlanse most crucial factor is that 20 years
ago PV was no option for the Netherlands, but by riois the most promising option of
renewable energy (Verbong, van Selm et al. 200bwé¥er, beside these positive sounds
there are also negative ones. In comparison witleratechnologies PV remains expensive
and the forecasts over the years in which PV wbelcbme economically profitable, become

more and more pessimistic.

This period is marked by the set up of large-sgatgects by applying the PV technology
(F1). These projects not only lead to knowledgeettgyment (F2) and more financial
resources (F6), but also guide the search by Igltitig the importance of this technology
(F4). The previous virtuous cycle continues in tperiod where financial support (F6)
through programmes and funds are allocated to RWGhwtriggers a cautious growth of the
Dutch PV market (F5).

4.2.3 The support of PV changed in the Netherlands duringthe first years of the

twenty first century

In the beginning of the century a large politichifistakes place in the Lower Chamber. A
coalition agreement is implemented where from 2003y year 500 billion Euros have to be
saved on energy and environmental subsidies. Tagorefor this is the great amount of
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financial stimulations for PV and a lot of free-riding, as some projeot#ain financial

support from several programmes simultaneously Ki(rwsbrieven 2002/2003).

In addition, on the first of July 2001, the greemergy market is liberalised (DE
2001a). This is one of the most important evenéd thade 2001 a turbulent year for PV.
From this moment on PV has to compete on a frekehavith cheaper renewable energy
options. Nonetheless, there is support from enw@mtal organisations (Greenpeace, WWF)
and from energy distribution companies (Nuon an@dénEnergy), which introduce extra
subsidy on PV. Together they reinforce the impartaaf the image of solar energy in the
liberalised green energy market (Swens and HeuRRd@ addition, since the Ministry of
Economic Affairs has a decreasing coordinating th& urge is felt to get better organised
and the PV industry association called ‘The Dutatn&vable Energy Association’, ‘DE
Koepel' of Holland Solar is restarted. In 2003,stl&volves into the most important solar
platform in the Netherlands (dekoepel.org). In &ddithe market for small PV systems is
boosted by dedicated campaigns of municipalitiespes of them offering extra subsidies.
Some examples are: ZonZeker, (Province of GronirgehEssent) to stimulate consumers to
buy PV and boilers (DE 2001c) and ‘More roofs untiher sun’ (Novem) stimulating house
building agencies to include PV (DE 2004b). An imtpat project set up in this period is the
PV system on the roof of the ‘Floriadeivhich is the largest roof integrated PV systerthef
world (DE 2002a).

However, throughout the years the trust decredseso the unreliable behaviour of
the government with respect to the starting angdpig of programmes, which leads to less
financial support and a lack of market formation, that little prospect is provided for

entrepreneurs to set up new large scale projects.

For the industry it is a turbulent period as weéll. December 2002 Shell Solar
announces the closing of the PV plant in Helmoretalise they wanted to concentrate their
activities in North-America, Germany and PortudaE(2002b; DE 2004). With this closure
in Helmond the production of solar panels is desedao practically zero in the Netherlands.

2 At the beginning of the century 6 programmes vaarive: ‘Energy Contribution Regulation’ (EPR), &gy
Performance Advice’ (EPA), ‘Energy Investment NorofR sector’ (EINP) ‘New Energy Research’ (NEO),
'Sustainable Energy in the Netherlands’ (DEN), dBdvironmental Quality of the Electricity Produatio
(MEP) (SenterNovem; sunergy.thrijswijk.nl; Haas 208wens and Heul 2003; DE 2003a). Most programmes
were of short duration and ended also in this pledige to the coalition agreement.

3 Worlds horticulture exposition in the Netherlands
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This period is marked by major institutional chasgee. liberalisation of the market and a
lack of guidance by the government (-F4). This ltesin disappointments and lack of trust
within the PV sectors (-F7), as industry is stogpmuctivities in the Netherlands due to
unfavourable institutional conditions and entreprtes are reluctant to take any risks (-F1).
This sets forth a sequence of negative eventsréivabrce each other, resulting in a vicious

cycle, and finally in the collapse of the Dutch Ridrket.

4.2.4 The fall of PV in the Netherlands towards the firsthalf of the twenty first century

On top of the already decreasing activities in Bhé sector, in 2003, the EPR is suddenly
ended and the utility subsidies look dramaticalty the Netherlands. However new
opportunities arise and a wide consultation amomeg&rgy research, industry and policy
professionals show the need for programmes thatribate to the future Dutch energy

production and to increase the level of expertiséhe Netherlands. During the first half of
2004, the Ministry of Economic Affairs and Sentedm give ear to this call and develop a
new set of energy research and technology developpregrammes These programmes

cover a full range of renewable energy technologresre PV is one of the priority areas
(Heppener, Boomsma et al. 2002). The MEP and ElA also available for the

implementation of PV in the market during this pdr{SenterNovem; Swens and Heul 2007)

and in 2005 net-metering becomes available (eexsggrgov).

Simultaneously the worldwide market begins to grewd the Dutch entrepreneurs
notice this upcoming market and try to be one efléading countries. A boost of successful
activities takes place in 2004, in spite of higbks in the fast developing sector. There are
sufficient entrepreneurs active for solar cellli8olland Solar, Scheuten Solar, NUON-
Helianthos, RGS Development, Ubbink Solar, as vesl for BOS products such as
Econcern, Oskomera and Mastervolt. However, alseéhentrepreneurs concentrate on the
export market, such as Germany and Spain, becdug® dack of a market and financial
incentives in the Netherlands. This shift towardseaport market leads to that the installed
capacity of PV per year in the Netherlands dropmf2003 with 19.3 MW to almost 0 within
3 years (see Figure below).

*The New Energy Research (NEO), Innovation SubsidijaBoration Projects (IS), Energy Research Subsidy
Demonstration (EOS DEMO), Energy Research Subsidyong Term (EOS LT), Transition - Unique
Opportunities Scheme (Transition UKR) (SenterNovéteppener, Boomsma et al. 2002; Swens and Heul
2004).

® Balance-of-system products
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Figure 2 Installed PV in the Netherlands per year

Nonetheless, during this period the research coesirand focuses on cost reduction and
guality improvement of polycrystalline silicon celand thin film silicon cells. The research

and development in the Netherlands is mainly relyim European support programthes

(SenterNovem; DE 2003b). The activities concernirgEOS programme are internationally

connected through the participation of SenterNoweitihe ‘Photovoltaic European Research
Area Network’ (PV-ERA-NET). Beside these Europeapmort programmes there is also the
Joint Solar Programme with only Dutch actors (fdmliwVv 2004).

Nonetheless the export driven activities, Holl&addar believes that solar energy could
still contribute to the renewable energy supplyhaf Netherlands. For this reason a ‘Roadmap
Solar Energy’ was set up, where the vision on theré and also the steps for further market
development are described (Bode 2005). A secondhrap is developed in the PV Catapult
project with EPIA and Ecofys constructs a Europdauilding Integrated PV (BIPV)
Roadmap (Photoninternational 2005b).

However, without notice on the 18th of August 200€ Ministry of Economic Affairs
ends the MEP subsidy immediately. They argue tatim of 9% production of sustainable
electricity in 2010 could also be achieved withthé stimulation regulation (Energie+ 2006).
This news comes as a shock to the renewable eseygr and the image of an unreliable

government is fortified again.
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The most outstanding event in this period is thepdif PV installed in 2004 in comparison to
2003 (-F1) (see Figure 2). The reasons being unfalbe institutional conditions (-F4), no

Dutch market (-F5) but a growing international nerkThis resulted in a shift of interests
towards export activities instead of further depétg the Dutch market. Thus, the previous

vicious cycle continues in this period.

4.2.5 Revival of PV in the Netherlands?

On 22 February 2007 the cabinet launched a nevitiooahgreemenrt(Coalitieakkoord 2007;
Swens and Heul 2007; Bundy 2008). As part of th@écBbuenergy transition policy a
‘Transition platform for renewable electricity sugf (TP-DEV) was established to initiate
the transition to a sustainable electricity supflige platform was initiated in 2006 with the
motive to evaluate the existing policy concerning B formulate recommendations for the
government on desired and required legislation tanckalise the above mentioned targets.
The Dutch Ministry of Economic Affairs, the Dutcksearch and technology development
institutes and the Dutch PV industry participatehis platform (Energie+ 2007; Sinke 2007;
Sinke, Bokhoven et al. 2007)

Nonetheless the sudden stop of the MEP regulatiotiyities continue within the

Dutch PV sector and several solar companies seplapts. A ‘European Science and
Business Park’ between Heerlen (The Netherland$)A@chen (Germany), called Avantis, is
set up. The purpose of Avantis is to give new tetdgies the space they need to develop and
to enable and strengthen synergies between resedmlelopment and international
management. In addition, the location offers excellopportunities for entrepreneurs and
investors, due to the advantage of obtaining syb&iwm two countries (MilieuMagazine
2001).

Other solar companies that are active in the Nisthés are Scheuten Solar which
chooses for Venlo instead of the Avantis park tibdaileir Sunrise pilot plant (ScheutenSolar
2007) and Advanced Photovoltaic Applications BV PAP established in Bleiswijk
(Leewarden). It is a spin-off of the companies Athed Surface Technology BV (AST),

6 Crystal Clear, European PV Technology PlatformlSpectrum, Performance, PV-catapult, PV Policp@r,
PVSAT-2, and PV-TRAC (Photovoltaic Technology ReshaAdvisory Council).

7 The aim is to make great steps in transformiegethiergy supply into one of the most sustainaldieediicient
in Europe by 2020. The Dutch government pledgesitannual energy saving of 2%, an increase inhtheesof
sustainable energy to 20% by 2020 and a 30% rextuctigreenhouse gas emissions by 2020 relati#9%0.

8 In Dutch: ‘Transitieplatform Duurzame Elektricisioorziening’
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Nano Energy Europe (NEE) and SolarTotal BV. APArteth in this period with the
preparation for a small CIS factory based on sgigposition technique developed by AST
(noordnederlandpiekt.nl; FEM.Business 2007).

In this period the research activities continudawering the price of PV in order to
be able to compete with the conventional energys tio enable large-scale implementation.
Therefore, FESTpv is set up by the European PVsmmguSolland Solar, TSM, Scheuten
Solar, Econcern, Rena, Applied Materials Schwigset] Ersol wafers, Pillar and Vesuvius)
together with ECN and the International Solar EgdRgsearch Centre (ISC) in Konstanz,
Germany. The aim is to develop cheaper solar d¢sllanproving the material quality and
production process for silicon. The research centreh is planned to open in the spring of
2009 will also be located on the Avantis park (Dehurger 2007; ECN 2007).

Finally, it is difficult to make predictions abotlte future, but it seems to be the beginning of
a promising future for PV in the Netherlands. Thetdd environment appears to become
more favourable for research and projects due €0 E®S programme (F4). The policy

focuses on research and development (F2), espeacallthe technology development for

more cost efficient systems in the near future.o8ifive aspect is the increased international
orientation, allowing more international interactieexchange of knowledge and experience
(F3).

A new impulse for investment in renewable enerdy e generated with the new
subsidy programme ‘Stimulation of Renewable Engigyduction’ (SDE) which started in
April 2008 (F5). A special budget is allocated td B prepare the Dutch market for the
large-scale implementation in the near future (AB)is expected that in 2008 a market
between 10 and 20 MW will be initiated. These aosifive sounds, but five years ago a

capacity of 19.3 MW was already reached.
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5. Conclusion

The first purpose of this paper was to analyseetr@ution of PV in the Netherlands and to
identify the barriers and carriers that contributedit. The second purpose is to provide
recommendations about intervention strategies entbaccelerate the diffusion of PV in the
Netherlands.

From the narrative we observed a build-up of sév@yatem Functions from 1970 until the
turn of the century. The trigger of the virtuousleg starts with guidance of the search (F4),
triggering knowledge creation (F2), entrepreneladivities (F1), resource mobilisation (F6),
and market formation (F5), which leads to a bupdaf a small Dutch PV market (F5).
However, in the beginning of the twenty first cagtua change in institutional conditions (i.e.
the coalition agreement) triggers a vicious cyalbere negative guidance against PV (-F4)
hinders any market formation (-F5), investment$)-6r lobbies to occur (-F7) and finally
leading to the discontinuation of entrepreneurielivities (-F1). These negative events
reinforce each other and result in less activibesig carried out. The amount of projects
considerably decreases, as well as the installpdctig of PV per year, which drops from
2003 with 19MW to 3.2 MW in 2004, and decreasethfrrto 2 MW in 2005 and 0.3 MW in
2006; Ever since PV has failed to become diffused targe scale in the Netherlands.

From the interactions of the past years can badehthat in spite of the fact that most of the
System Functions are fulfilled, interact with eaxther and that the technology is proven as
reliable, the PV technology will not break through long as there is no secure market
formation and consistent government guidance. Thes¢he two main System Functions that
need to be triggered in order to restore a posayate that will help to diffuse PV. In order to
fulfil the System Function ‘Guidance of the Seayrcrégulations should be formulated,
starting from a common vision. Government and ntapieeties should formulate this vision
togethe?, in order for all actors to feel responsible areflidated to it. Furthermore it is
important to give PV a clear role in the Dutch gyesupply system, together with a tailored
market introduction, and guarding the quality oedbacks from learning experiences.
Visibility of successful results and projects widad to enthusiasm of buyers (market
formation) and investors (resources). In additiooperation and knowledge diffusion should
be stimulated. If these processes are triggereckmeneurs will be attracted to enter the

° There is already a roadmap by Holland Solar asdPBEV, but the government does not feel muchtfor i
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Dutch market rather than the international one pravyide more resources. In this way the
System Functions will reinforce each other and wbuate to the build-up of a Dutch PV
innovation system, which will increase the chantdiffusion and implementation of PV in
the Netherlands, as a large and good knowledge da$@xpertise is already present in the

Netherlands.
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