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Abstract 

The article analyses the case of a successful innovation in the energy sector: the de-
velopment of a market for Photovoltaics. It argues that - given the special character-
istics of the energy sector – successful innovation depends on strong political support 
and an advocacy coalition. The method chosen to realize a successful innovation 
constituted the creation of a quickly expanding niche market especially with the help 
of regulatory instruments. 

 

 

Zusammenfassung 

Die Märkte für Energie waren lange Zeit sowohl durch ihre politische Konstitution wie 
durch ihre Stabilität gekennzeichnet. Unsicherheit wurde in nahezu allen Staaten redu-
ziert durch mehr oder weniger strikte Vorgaben des Staates oder regulatorischer Ein-
richtungen. Die Energiemärkte befinden sich jedoch seit einigen Jahren weltweit in 
Bewegung. Die in Europa insbesondere von der Europäischen Kommission vorange-
triebene Liberalisierung der Energiemärkte, die noch voll im Gange ist, verbunden mit 
den Bemühungen Klimapolitik zu betreiben und neue Diskussionen um die Sicherheit 
der Energieversorgung haben die Frage nach der Konstitution der Märkte und dem 
Umgang mit Unsicherheiten virulent werden lassen. In diesem Zusammenhang stehen 
verschiedene Versuche, die Bedingungen wirtschaftlichen Handelns auf den Energie-
märkten auf lokaler, regionaler, nationaler wie internationaler Ebene neu zu bestimmen. 
Gegenstand des vorliegenden Papiers ist die Entwicklung auf einem Marktsegment des 
Energiebereichs, dem Markt für netzgekoppelte Photovoltaik. 
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1  Introduction 

The energy supply system in industrialised nations is changing in ways that are often 
conceived of as a technological and institutional regime change. Victor (2002) sees 
the sector in its third structural transformation. The exact outcome of this regime 
change is uncertain as of yet, but one element of a future governance structure will 
be the increased importance of decentralised forms of electric power generation, a 
shift towards more environmentally sustainable technologies, such as renewable en-
ergy technologies, which in the past were pushed forward by a diverse coalition of 
actors. This article will focus on one of the most innovative developments in the area 
of renewable energy technologies: photovoltaics (PV).  

We will use a broad lens in order to examine the growth of PV as a source of electric 
power generation and as a business sector in Germany. PV can be considered an un-
usual success story in which political actors’ ability to make a significant impact on 
renewable energy production and the associated economic activity looms large. 

It will be argued that the growth of renewable energy takes place within networks of 
governance comprising formal regimes at multiple levels, informal norms and prac-
tices, as well as market structures and processes. Actors within these networks in-
clude national and sub-national authorities, multilateral institutions, firms and NGOs. 
Technological development and market growth of PV are thus viewed as embedded 
in a broad social, economic, and political system of governance. Corporate strategies, 
social movements and public policy interact within, as well as constitute, the essen-
tial elements of governance in this sector. We will further argue that policy on PV in 
Germany is characterised by a specific mission orientation, the concentration of main 
actors, a long term orientation and substantive subsidies. PV is a successful, as well 
as a “planned” innovation, something quite uncommon in the literature on innovation. 
Caniels and Romijn (2008: 246) have argued that within the literature on strategic 
niche management there is a shortage of analyses focussing on success stories and a 
lack of understanding about the processes by which (policy and technological) exper-
iments culminate in viable market niches that ultimately will contribute to a regime 
change in a specific sector. This article attempts to fill that gap. This article develops 
the main points in several steps. To set the stage, we will clarify our concept of inno-
vation and describe the elements of the technological system of PV. Based on these 
introductory remarks, we will discuss the factors responsible for PV's breakthrough. 
It is too early to claim that PV will continue to be a success story in the future and 
that PV will eventually play a dominant role in the development of a new energy re-
gime. PV is growing but it is still not in a settled and stable state – albeit already 
larger than many “established” sectors. The particular technological and institutional 
prerequisites enabling photovoltaics' achievements have not been studied in great de-
tail. Main lessons from this unique case are reiterated in the concluding remarks.  
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2  Innovation and Sectoral Systems of Innovation 

Before discussing German innovation policy focussing on the development and mar-
ket expansion of photovoltaics, we have to establish the conceptual foundations of 
our analysis. We start with some general reflections on innovation and innovation 
policy, drawing from the literature on systems of innovation and strategic niche 
management on the one hand and the advocacy coalition approach on the other. 

2.1 Innovation Policy 

Since the 1990s a global shift in policies towards research and technology can be ob-
served: the promotion of innovation has become a centre piece of official national as 
well as of supra- and sub-national policies. This shift in emphasis reflects discussions 
on the role of the state in promoting technology, as well as new ideas about how new 
technologies become successful in various markets.  

The traditional model in research and technology policies either centred on the sup-
port of basic research, which eventually should bring about new technologies ripe for 
the markets (technology push), or opted for a mission oriented approach deciding to 
support a specific technology and financing its development through specific compa-
nies or research laboratories. (Hiskes and Hiskes 1986).  

Innovation research, however, has shown that there is no linear development from 
basic research to successful technological innovation in the market. Support of basic 
research does not guarantee the eventual development of products that become widely 
accepted and thus achieve commercial success. But “market success” has become a top 
priority in times of increasing worldwide competition in crowded markets. The intro-
duction of new, innovative products is considered to be a precondition for maintaining 
a competitive edge. In order to be commercially successful, it is of vital importance to 
reach a critical mass within a comparably short time frame (Rogers 1995: 313ff.).  

In related discussions of the state’s influence on technological innovation processes, 
a dire picture has been painted, accentuating the conviction that the state is unable to 
pick technologies that will later succeed on the market. Along with an increasingly 
prevalent attitude that markets are the best innovators and should be left alone, policy 
instruments worldwide seem to converge, looking increasingly alike (Holzinger et al. 
2007). This neoliberal understanding, the support for markets, and “the retreat of the 
state” (Strange 1996), emerged in the 1990s and was accompanied by new types of 
policies and policy instruments which also affected the design of technology policy. 
Research and technology policy was transformed into innovation policy and mainly 
focused on funding basic research and network activities, as well as joint projects be-
tween firms and research institutes in order to stimulate knowledge flow and to en-
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sure that the results of scientific research could be used and adopted commercially 
(Nooteboom 1999; Edquist 2001: 18). Public actors, however, were not supposed to 
select a certain technology in advance and would abstain from market stimulation 
programmes. Networks can potentially facilitate producer-customer relationships or 
can even result in the creation of advocacy coalitions. These are considered an im-
portant pre-condition for successful radical innovations by most experts (Weimer-
Jehle and Fuchs 2007).  

Although the market discourse had achieved nearly universal legitimacy, counter 
tendencies have always been visible as well. Complexity theory and the literature on 
governance have aimed at creating a new understanding on the role of politics (Kap-
pelhoff 2000; Werle and Schimank 2000): On the one hand, social developments are 
unpredictable and evolutionary, but on the other hand these evolutionary dynamics 
have always been accompanied by conscious planning and shaping (Czada and 
Schimank 2000). Thus, political actors are seen as interacting in governance net-
works together with other actors who also try to influence social developments. One 
of the measures relying more directly on the activities of public actors is the politi-
cally supported creation of niche markets. This new form of innovation policy selects 
a certain technology (or precursors to a technology) in advance and tries to accelerate 
its development. It might even help to shape the mode of its application. Such politi-
cally created niche markets work through market stimulation programmes, such as 
subsidies or the provision of soft loans for prospective customers, as well as through 
modes of legitimising the developing technology, in order to raise its public ac-
ceptance (Edler 2007). Especially in the area of environmental technologies, strategic 
niche management has increasingly become accepted as an instrument of innovation 
policy (Kemp et al 1998; Kemp 2002; Coenen 2002) in the hopes that even the trans-
formation of entire technological regimes is a viable option (Berkhout et al. 2003: 4; 
Caniels and Romijn 2008).The design of national policies has to consider existing in-
stitutional frameworks and socio-cultural conditions. Work in the tradition of the Va-
rieties of Capitalism approach claims, that if national innovation policy stresses na-
tional comparative institutional advantages, it can be more successful. In other words, 
a system dominated by non-market coordination will have difficulties pushing new 
technologies dependent on a flexible and quick functioning market mechanism. On 
the other hand, the support of technologies which require the non-market co-
ordination of various actors will be difficult to put into effect in liberal market econ-
omies. Based on this highly stylised interpretation we argue that the creation of (shel-
tered) niche markets can be a successful policy instrument especially in coordinated 
market economies (hypothesis 1).  

Considering the fact that photovoltaics can be seen as a technological innovation that 
is supported in order to transform the energy sector, the existence of political and so-
cial forces strongly opposing it for ideological as well as economic reasons (e.g. rent 
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seeking) can be assumed. As Jänicke (1997: 7) has shown, changes in actor constel-
lations have resulted in improved conditions for innovation in environmentally 
friendly products. With regard to actor constellations and situational factors enhanc-
ing policy change, the policy analysis literature refers to the role of advocacy coali-
tions that are crucially important in order to spur institutional or cultural changes 
(Litfin 2000). We will argue that the success of innovation policy depends on its 
ability to create and mobilise an advocacy coalition supporting the technology in 
question, especially if strong incumbent actors (such as the established energy pro-
viders) exist (hypothesis 2). 

2.2 Innovation 

Innovation can be defined as artefacts, processes, ideas and strategies, which suc-
cessfully change routines and are embedded in specific contexts of development and 
usage. Innovation as such is not just a new idea or technical system, but one which is 
being successfully implemented. Innovation in this sense is not a linear process but 
occurs by interactive relationships and feedback mechanisms between institutional 
and organisational elements of science, technology, learning, production, policy, 
firms and potential or actual market demand. Some technologies may only become 
innovations due to interactions between producers and users, or the specific way, 
customers use and apply new technical artefacts (Malerba 2004: 24). The acceptance 
and use of a new technology, at any rate, plays a crucial role in the innovation pro-
cess. Thus, new – and better – technologies in our context are only referred to as in-
novations, if their development is embedded and accompanied by the establishment 
of a successful industry, and if they find their way to the market. 

2.3 Innovation and Uncertainty 

It is generally acknowledged that economic and other activities face the problem of 
uncertainty (Beckert 1996). This is even more so in the case of innovations, particu-
larly if potential new products would have to cope with incumbent products and the 
existing infrastructures and routines supporting them. Proven ways to cope with un-
certainty are the development and reliance on routines, customs, regulations, estab-
lished institutions etc.  

Innovating firms may not know which application or design a new technology should 
be given in order for it to be successful on the market. This can lead firms to become 
hesitant when implementing significant changes, even as they face a volatile envi-
ronment that increases pressures to introduce new products, seek new markets and 
introduce new technologies, practices and organisational methods into their produc-
tion processes. Uncertainty can also make it more difficult for firms to obtain exter-
nal funding for their innovation projects. Customers may not trust a new and unprov-
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en technology. This leads to another blocking mechanism for the diffusion of a new 
technology – lack of legitimacy.  

Here we are confronted with the paradox that innovation, as a routine-changing 
mechanism, also depends on routines, albeit currently developing ones. Innovation 
policy can attempt to reduce uncertainty by establishing a mix of policy instruments 
along with a viable support coalition. Whenever innovation policy can provide tech-
nological developments with legitimacy, the financial system will become more will-
ing to invest in innovative firms, and potential customers may feel more secure and 
be more inclined to purchase new technologies (Carlsson and Jacobsson 1997: 285). 

The role of uncertainty can be seen very clearly in the developments of the 1990s. At 
one point, the German PV-industry was close to extinction and production facilities 
were moved, since producers could not form stable expectations as to whether the in-
stitutional framework in Germany would provide favourable conditions for the fur-
ther development of the PV-industry or not. 

As Edquist (2001: 17) suggests, a systemic view on innovation policy should not on-
ly analyse the role of the state but also include feedback mechanisms on how the rest 
of the system, social structures, routines or even discrete occurrences influence inno-
vation policies (2001: 17). As German governance has always been characterised by 
close linkages and the reliance on common interests between government, industry, 
business associations and trade unions (Hall and Soskice 2001; Harding 2000), this 
established form of governance has also shaped German innovation policies and will 
continue to do so in the case of PV.  

2.4 The Transformation of Electric Power Generation  

Photovoltaics are treated as an innovation within and for the industrial sector of elec-
tric power generation. As already briefly mentioned, this sector is undergoing substan-
tial changes in nearly all industrialized nations. The dynamics leading to these changes 
are also important in order to understand the case of PV, because they opened a win-
dow of opportunity which helped to push PV as a new option of energy supply. 

The traditional electric power system can be looked upon as a large technical system 
(Mayntz and Hughes 1988), tightly coupled and run by a few, powerful incumbent 
actors. Energy generation is highly centralised in big power stations – open markets 
hardly exist. Price regulation is common and huge subsidies for the development of 
old and new technologies (e.g., coal, nuclear energy) make it difficult to determine 
“real” prices. There are suggestions that the costs of producing electricity gained out 
of coal or oil would double, if in transparent external costs were taken into account 
(Milborrow 2002). Incumbent energy technologies have received direct and indirect 
subsidies for decades (Jacobsson and Bergek 2004: 210). R&D expenditures in these 
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closed markets are nevertheless low, and innovation is slow-moving and incremental. 
R&D expenditures depend to a very large degree on the interpretation of political 
signals regarding the regulation of technology. 

Two trends are transforming the traditional ways: the liberalisation of infrastructures 
and environmental issues, in particular, concerns about “global warming”. Hopes for 
an effective regime to address climate change have shifted from the emphasis on a 
mandatory multilateral agreement, the Kyoto protocol, towards a plethora of regional, 
national, and sub-national programs and initiatives. Policy responses include carbon 
emission limits and trading systems, direct subsidies for renewable energies and Re-
newable Portfolio Standards that mandate the use of specific volumes of renewable 
energy in electricity generation. Such policy responses are required because the mar-
ket will not, by itself, respond adequately to the environmental challenge. Given the 
rapid growth expected in global markets for low-emission technologies, the policy 
agenda is also driven by economic development goals, as countries vie for compet-
itiveness and market share in these emerging fields. Liberalisation can have differing 
effects for renewable energies. If energy prices fall as a result of liberalisation and 
increased market competition (as economic theory would make us believe), the price 
target that renewables must meet becomes more challenging and liberalisation might 
prove to be an impediment for their further spread. On the other hand, policies and 
systems such as quotas and renewable energy certificates can be compatible with 
more competitive market structures as the experiences of the last years have shown – 
supported, for example, by a general increase in energy prices. In fact, many of the 
policies which have been implemented for the support of renewables operate within 
the framework of a transition to market liberalisation (OECD 2008). 

Finally, beyond the problems of lacking transparency and the prevalence of risk-
averse actors, there is the constraining factor of centralised energy infrastructures, as 
they have developed and have become established over decades. National grids are 
mainly tailored to the operation of centralised power plants and thus cement their ex-
istence. Alternative technologies like photovoltaics follow an opposite decentralised 
logic that does not easily fit the established technological concepts and thus face dif-
ficulties competing with incumbent technologies (Stern 2006: 355). 

In sum, these conditions have led to the widely accepted conviction that policy instru-
ments which aim to create niche markets for renewable energies are needed. Even the 
European Commission, which traditionally favours market instruments and is rather 
critical towards demand side policy actions, has opted for market stimulation pro-
grammes for renewable energy technologies (Commission of the European Communi-
ties 2005; European Parliament and Council 2001). This is true in spite of the fact that 
until recently the European Commission and the OECD both disapproved the German 
model of market stimulation, and instead had favoured quota models which use market 
signals in order to increase the supply of renewable energy (Busch 2005: 235). 
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3  Photovoltaics: Technology Characteristics 

Before analysing photovoltaics as a case of successful case of innovation, we need to 
provide a short introduction of the technologies and applications we are talking about. 
Photovoltaics use solar cells to produce electric power1. The most common type of 
solar cell consists of either mono-crystalline or poly-crystalline silicon, which is 
conventionally produced and used in the electronics (semiconductor) industry. Crys-
talline silicon technologies represent 93 % of the photovoltaics world market (Solar-
buzz 2007). Mono-crystalline silicon cells are characterised by their ability to con-
vert a relatively large section of the light spectrum into electricity with an efficiency 
of up to 24,7 % under ideal laboratory conditions (Solarserver 2007). Poly-
crystalline silicon cells do not achieve such high efficiency rates, but they are less 
costly. The same holds for amorphous and other ‘thin film’ technologies that consist 
of cadmium telluride (CdTe) or copper indium dieseline (CIS). Due to silicon short-
ages since the turn of the century, research and development on non-silicon thin film 
technologies has become increasingly popular and remarkable reductions in produc-
tion costs have been achieved.  

The photovoltaic effect was first discovered by the French physicist Alexandre Bec-
querel in 1839. Albert Einstein’s theoretical work on the photoelectric effect won 
him the Nobel Prize in 1921. Thus, basic research on photovoltaics has been con-
ducted for quite some time. Yet the first applications did not appear until the 1950s, 
when Bell Laboratories invented the first solar cell and the US government started to 
use solar cells on satellites “The satellite market became the first significant com-
mercial market and annual production rose to about 0,1 Mwp [Mega Watt peak] per 
year in the late 1960s.” (Jacobsson et al. 2002: 10). It is striking that the first satellite 
project using solar power, was under US Navy management and monitored by the 
Department of Defense. Some authors therefore pointed out that the case of photo-
voltaics was one of many technological developments in which the military played a 
crucial role (Clark and Juma 1987: 142, Jacobsson et al. 2002: 10). Due to US export 
restrictions, in the 1960s the European Space Agency (ESA) had to rely on German 
companies such as Siemens and Telefunken to get involved in photovoltaics research 
and production for space programs (Jacobsson et al. 2002: 16). Since the 1970s and 
largely due to the oil crises, interest in the development of various terrestrial applica-
tions grew and led to further R&D activities, mainly in the U.S. and Japan. A range 
of off-grid applications emerged, that were mainly used for consumer electronics like 
calculators and watches or as stand-alone “power stations” for SOS telephones and 
for remote places like buoys, yachts, alpine huts and camping. Furthermore the idea 
of solar home systems to be employed in developing countries came up. Rather dis-

                                                
1  Photovoltaics should not to be mixed up with solar-thermy, which uses solar radiation to produce 

heat. 
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tinct from these off-grid photovoltaics are newer forms of applications which supply 
electricity to the grid just as conventional power technologies. Grid-connected appli-
cations can be found as roof-top systems, ground-mounted systems or as systems in-
tegrated into house façades. However, demonstration projects which employed pho-
tovoltaics in order to supply electricity to the grid were not implemented before the 
1990s. Grid-connected photovoltaics are, therefore, a rather new development and it 
is striking that since 1999 they have rapidly outpaced other forms of applications in 
International Energy Agency (IEA) reporting countries (IEA 2005).  

 

 

4 Success Indicators 

In this section we wish to highlight the successful development of PV with the help 
of quantitative indicators. In order to measure “success” we will use the indicators 
‘installed PV power’, ‘production’, 'export sales’, ‘employees’ and ‘patents’. As fig-
ure 1 impressively shows, installed PV power was at a relatively low level, then dou-
bled for the first time in 2000 and has grown continuously since then. These findings 
demonstrate the correlation between policy instruments that were applied by the fed-
eral Red-Green coalition government, the regulatory instrument EEG and the 
100.000-roofs-programme and the expansion of the market (see below).  

Fig. 1: PV power installed in Germany (MWp); (Source: Bundesverband Solarwirt-
schaft e.V. (BSW-Solar 2009)); 
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In 2005 “[…] Germany accounted for more than 93% of the EU 25” (Jäger-Waldau 
2002: 75) installations. Stable political and socio-economic conditions not only con-
vinced private households to install photovoltaic power, but solid markets also stimu-
late the investment in new production capacities for solar cells and modules. 

Fig. 2: Solar cell production in Germany (MW); (Source: Bundesverband Solarwirt-
schaft e.V. (BSW-Solar 2009, multiple years); 

As Fig. 2 shows, cell production has grown to almost 1,500 MW annually. Sales as 
well as export shipments of the German photovoltaics industry have been rising with 
a comparable rate, as can be seen in Figs. 3 and 4.  

Fig. 3: Sales of the German photovoltaics industry (Source: Bundesverband Solar-
wirtschaft e.V. (BSW-Solar 2010)); 
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Fig. 4: Export sales of the German photovoltaics industry (Source: Bundesverband 
Solarwirtschaft e.V. (BSW-Solar 2010)); 

Sales figures and numbers of photovoltaics power installed clearly show its market 
success. An even more common way of measuring innovation is patent data, since 
“[…] patents provide a uniquely detailed source of information on inventive activity” 
(OECD 1994: 9). As Fig. 5 shows, Japan is by far the most active nation in patent 
applications, followed by the U.S. and Germany.  

Fig. 5: Global patent applications in photovoltaics (Source: Beucker and Fichter 2007); 

As can be seen from Fig. 6, German patent activities reflect quite well the global in-
crease of photovoltaics patents from around 500 in the early 1990s up to around 
2.000 in 2002. The numbers for Germany do not differ significantly from those for 
the U.S., and Germany is far ahead of other industrialised countries, such as its Eu-

273 
603 

1695 

2922 

3700 

5000 

0 

1000 

2000 

3000 

4000 

5000 

6000 

2004 2005 2006 2007 2008 2010 

Export Sales in Mio. ! 

12249 

2570 2121 

462 293 262 253 231 149 137 96 86 65 59 54 51 
0 

2000 

4000 

6000 

8000 

10000 

12000 

14000 

Numbers and origin of PV-patents in 2007 



Fuchs & Wassermann: Organising a Market. Photovoltaics in Germany                                    15 

ropean neighbours. The data seems to suggest that rather than being a precondition 
for the further development of PV, the economic success of PV spurred hectic ac-
tivities to protect intellectual property. 

Fig. 6: First filing of photovoltaic patents (Source: Visentin et al. 2005); 

These figures clearly prove the (at least short term) success of the PV industry. It is 
expanding production in Germany and off shore, it is increasing the export ratio of 
its production, it is employing ever more people, it is operating profitably and con-
tinually accumulates intellectual capital. Meanwhile more corporations are active in 
this sector and more people are employed in the sector than in many other estab-
lished economic sectors (Fig 7).  

Fig. 7: Employees in the sector (Source: Bundesverband Solarwirtschaft e.V. 2010) 
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5  Characteristics and development of the industry 

In the following, we will analyse the development of photovoltaics based on the hy-
pothesis that an advocacy coalition is a crucial factor for the formulation and imple-
mentation of successful innovation policies. So called advocacy coalitions supporting 
environmental policies consist of administrative and academic environmentalists, as 
well as members of environmental social movements who cooperate with industrial 
actors, such as manufacturers of renewable energy technologies (Jänicke 2007: 140). 
Lobbyism is often a conservative mechanism as it requires that the lobbyists be in a 
position of economic power. Therefore, one would not assume that environmentalists 
are able to form an effective advocacy coalition, since interest groups that support 
emerging technologies normally are neither well positioned financially nor do they 
have the ability to influence powerful political actors.  

Although the photovoltaics advocacy coalition was not formed by very powerful ac-
tors and groups, it has intelligently managed to use external events to gain strong so-
cial backing for its ideas. Such support was needed as it faced powerful opponents in 
the incumbent energy providers. “Substituting established technologies implies, […], 
that new interest groups will challenge existing ones, and a realignment of the insti-
tutional framework, and a transformation of the energy provision system cannot be 
expected to be achieved without overcoming considerable opposition from vested in-
terests involved with the incumbent technologies” (Jacobsson et al. 2002 : 3). In the 
formative stage, the PV advocacy coalition aimed to support the diffusion of the 
technology in order to reach the critical mass needed to achieve substantial change in 
the energy sector. Once this critical mass had been reached, self-stabilizing effects 
occurred. Consequently, the critical mass itself accounted for a further consolidation 
of the advocacy coalition and contributed to its success.  

5.1  The Formative Stage in the 1980s 

The story of PV began like many other cases in German research policy. From the 
early 1980s on, common instruments of public research and development funding, 
such as financing research departments conducting basic research on PV, were em-
ployed. The external trigger for early research had been the oil crisis in the 1970s. At 
that time, the ministry of research and technology (BMBT) was in charge of photo-
voltaics policy programmes. Initially, the support for new technology had been inte-
grated into the unit for non-nuclear energy technologies. In 1976, a unit of its own 
was created (Ristau 1998: 40). Interestingly, many of the programmes financing pho-
tovoltaics projects were carried out by the ministry of economic cooperation and de-
velopment, since during the 1970s the future of photovoltaics applications was seen 
in solar home systems for developing countries, i.e., the focus was on off-grid ap-
plications. When oil prices dropped again and the conservative-liberal coalition un-
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der Chancellor Kohl assumed power, policy actions promoting photovoltaics de-
clined severely. In 1985 public funding of photovoltaics related research and devel-
opment projects accounted to less than 53 Mio. DM. However, institutional actors 
involved in research on photovoltaics had been established. When external events 
such as the Chernobyl accident and the discussions on environmental problems and 
climate change emerged, these actors, together with environmentalist groups, man-
aged to set the agenda for photovoltaics. When political actors started to attribute a 
higher priority on environmental problems, the Green party, on the one hand, and 
highly motivated researchers on the other, acted as transmission belts between exter-
nal events and political and social discourses.  

In the 1980s, specialized photovoltaics departments and research institutes were be-
ing created, such as the Fraunhofer Institute for Solar Energy Systems ISE in Frei-
burg (in 1982), the Centre for Solar Energy and Hydrogen Research Baden-
Württemberg in Stuttgart/Ulm (in 1988) or specialised physics departments, for ex-
ample at the Carl von Ossietzky University in Oldenburg. The latter can be seen as a 
typical example of how the formation of the photovoltaics advocacy coalition de-
pended on highly committed individual actors. They were influenced by the experi-
ences of early anti-nuclear power activists, who were criticised for their lack of rea-
sonable alternatives for energy provision (Gabler 2007). The formation of research 
groups and departments dedicated to the development of alternatives to nuclear pow-
er became the first strategic step towards the formation of an advocacy coalition sup-
porting photovoltaics. Furthermore, the creation of specialised departments and insti-
tutes attracted environmentally committed scientists. On this foundation, local net-
works consisting of environmentalists and researchers emerged. This was especially 
the case in Freiburg, where the Fraunhofer Institute for Solar Energy Systems ISE 
merged with a vivid environmental scene that positively influenced network activi-
ties and enabled local strategies of niche management (Niewienda 2006).  

Federal innovation policy at that time was mainly carried out in the form of direct 
project funding. The main recipients were the Fraunhofer Institute for Solar Energy 
Systems, the Hahn-Meitner-Institute, the Institute for Solar Energy Supply Tech-
niques and two industrial actors: AEG-Telefunken and Siemens Solar. The early 
photovoltaics programmes “provided opportunities for universities, institutes and 
firms to search in many directions, which was sensible given the underlying uncer-
tainties with respect to technologies and markets” (Jacobsson and Lauber 2006: 262). 
Research funding was not only given to one technology, but competing technologies, 
such as crystalline silicon and thin-film technologies. Additionally, research and de-
velopment of inverters (to make grid-connected applications work) had begun. 

Interestingly, these research projects on the one hand, and the absence of market 
stimulation programmes on the other hand, led to an odd situation: whereas the big 
two German companies engaged in photovoltaics production were able to develop 
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internationally competitive products, and German research on photovoltaics achieved 
a leading position in the world, the technologies developed could not be sold at home 
due to a lack of domestic demand (Ristau 1998: 45). Actually, photovoltaic technol-
ogies developed in Germany were ready for testing. However, owing to the charac-
teristics of the energy sector, coupled with the difficulties of creating private demand 
and the absence of political interest and financial support, at that time it looked very 
unlikely that photovoltaics could succeed in the German market. The supporting ad-
vocacy coalition was in its infancy, consisting only of highly committed scientists, 
environmental groups (Gabler 2007) and the newly founded German association for 
Solar Energy. In these early days the advocacy coalition was too weak, particularly 
as it had not yet incorporated more powerful industrial lobbies. On the other hand, 
very influential lobby groups supporting fossil fuels and nuclear power worked hard 
to prevent competition from renewable energies. They joined forces with the minis-
try of economics (Ristau 1998: 46), and heavily relied on old research and develop-
ment contacts and networks within the ministry of research (Ristau 1998: 44). Even-
tually, external events, such as the nuclear accident in Chernobyl in 1986, changed 
public opinion and the attitudes towards nuclear power substantially, and opened a 
window of opportunity for a general discussion on a transformation of the energy 
sector. Within 2 years, opposition against nuclear energy increased from 50% to over 
70% (Jahn 1992). Whereas before, only the Green party had argued against nuclear 
power, this position was now also adopted by the Social Democrats, who opted for 
phasing out nuclear power plants. In addition to the national antipathy towards nu-
clear energy the influence of a growing Green party as well as powerful environmen-
tal movements were important factors. Considering all these ‘external events’, the 
German government – compared to other European governments relatively early – 
felt compelled to support research and development as well as diffusion, of renewa-
ble energy technologies, including photovoltaics.  

5.2  First Attempts at Market Stimulation in the Early 1990s 

Market stimulation programmes traditionally are among the policy instruments of the 
ministry of economics, but they were not employed until 1991. As we have men-
tioned before, the ministry of economics deliberately refused to support the photo-
voltaics research and development projects of the ministry of research. Since the new 
technology was definitely not economically competitive in Germany, it either had to 
fail, find its markets abroad (in Southern regions, as off grid applications in the de-
veloping world), or support domestically via an artificial niche market. Finally in 
1991, the situation changed when the first law regulating energy feed-ins was devel-
oped and passed. The law had been initiated by Green Party and CDU/CSU parlia-
mentarians and it could finally pass due to cross-factional support (Ohlhorst et al. 
2008: 16). In the run-up to the adoption, lobbying activities for a range of different 
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associations had been of vital importance. Besides the newly founded renewable en-
ergy associations, the incumbent association of hydropower plants was active, so that 
especially Bavarian parliamentarians supported the law. In retrospect, analysts as-
sume that at the time the future impact of the law was underestimated, allowing its 
passage without greater difficulties (Ohlhorst et al. 2008: 17). The law described a 
mechanism which required utilities to remunerate energy of renewable sources that 
was fed into the grid. Producers of renewable electric power received 90% of the av-
erage revenue per kilowatt hour from the utilities. Even though the first feed-in law 
was like a market stimulation programme, it contained a market mechanism, which, 
at the beginning, was not seen as critical. With declining energy prices declining 
throughout the 1990s (mainly due to European deregulation policies), this policy in-
strument was too weak to trigger market expansion for photovoltaics.  

This law was accompanied by the 1.000-roofs-programme in the early 1990s, which 
enabled first experiences with grid-connected photovoltaics applications, an initiative 
that can be seen as a typical instrument of strategic niche management. The 1.000-
roof-programme, starting in 1991 and ending in 1995, was a mixture of demonstra-
tion and a market stimulation programme. It offered soft loans for private households 
who were interested in participating in the grid-connected photovoltaics test stage. 
The programme was not only accompanied by electro-technical and physical tests on 
inverters, cell duration, etc. (Grochowski et al. 1997), but also by social research 
which studied customers’ motives and social affiliations (Gennenig and Hoffmann 
1996). This first niche programme became crucial for institutional capacity building 
and symbolised an initial step towards a transformation of the energy sector. Rou-
tines and motives of first movers could be revealed, and thus enabled the advocacy 
coalition to improve its diffusion strategy by better taking into account special needs 
of potential users. The accompanying social research revealed that 75% of the partic-
ipants were academics, and 22% were teachers. The majority declared environmental 
reasons as the main motive to participate in the program. Interestingly, only 15% of 
the participants could be characterised as real energy savers; instead the majority did 
not intend to abstain from comfort, for example, by changing routines. On the other 
hand, 38% of the participants were extremely interested in technical aspects of their 
PV application and carried through technical implementations on their own. 15% of 
the participants admitted status reasons as their main motive when purchasing their 
PV application. For them it was extremely important that the technology was widely 
visible (Genennig and Hoffmann 1996: 111).  

When the 1.000-roofs-programme ended and the German government did not imme-
diately develop follow-up programmes, “one could observe a shift in the investment 
activities of the big European PV-companies from Europe towards the US” (Jäger-
Waldau 2002: 40). The ministry of economics created a market launch programme for 
renewable energy technologies in 1995. But since it only provided 4,5 Mio. DM for 
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photovoltaics, it did not meet the expectations of the photovoltaics industry (Ristau 
1998). This is a striking example for the relationship between uncertainty and innova-
tion. Throughout the 1990s, German policy did not systematically aim to reduce un-
certainty, as the programmes were inadequately financed and were not based on long-
term considerations. The result was that the development of technical innovations and 
marketable products came to a halt. This only changed when the Green party together 
with the Social Democrats came into power at the federal level in 1998.  

Despite the identified shortcomings, it has to be acknowledged that the 1990s can be 
characterised by early (successful) investments. Publicly funded R&D, as well as the 
first market stimulation programmes and the first feed-in law not only led to the es-
tablishment of an initial knowledge base, it also led to the creation of an embryonic 
advocacy coalition consisting of scientists, an infant industry and its interest groups, 
as well as highly committed environmentalists. Some of them appeared as first mov-
ers on the market, i.e., they were the first costumers, taking part in the 1.000-roof-
programme. Even though the programme offered soft loans and the power produced 
was remunerated, these first users did not benefit in a monetary sense. They did not 
make a return on their investment, nor did they earn money. Instead they appeared as 
‘the hard core’ of the advocacy coalition, mainly acting out of ideological reasons. 
But there was positive feedback from the early investment, which, for example, re-
sulted in the ability of the coalition to shape further institutional change and to initi-
ate sectoral transformation. Taken together, these first political programmes had sig-
nificant effects. For one, public awareness of the new technology rose and photovol-
taics received legitimacy. Political support in the form of subsidies found broad ap-
proval in public opinion. Furthermore, a number of new, often small, firms entered 
the market, “among these, we find both module manufacturers and integrators of so-
lar cells into façades and roofs, the latter moving the market for solar cells into new 
applications” (Jacobsson and Lauber 2006: 266). Before these developments, the 
market had been dominated by the two big players, Siemens and AEG Telefunken. 
In 1991, when the 1.000-roofs-programme was initiated 99,5 % of market demand 
was satisfied by these two companies. Even in 1993, once the programme was 
opened for European competitors like BP-Solar and the Italian firm Helios, Siemens 
and ASE still held a market share of 70% (Ristau 1998: 48).  

5.3  Strategic Niche Management in the Mid-1990s 

Throughout the 1990s, industrial solar associations were gradually founded, that 
aimed to improve and enhance political support of the infant technology and its 
commercialisation. Additionally, (local) groups and societies, like the Solar Group 
Aachen e.V., Eurosolar (European Association for Renewable Energies), and the 
German Association for the Promotion of Solar Power were founded and tried to 
build up political momentum. These groups discussed the suitability of political in-
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struments, including blue prints, for a new feed-in law or another roof-programme. 
They were joined by local politicians that strongly favoured the idea of renewable 
energy and opted for more decentralised energy systems. For them, grid-connected 
photovoltaics applications met both of these aims. So it was a coalition of local poli-
ticians, the Green party, researchers, environmental societies, and business associa-
tions that managed to influence the federal government to improve and enhance its 
innovation policy for photovoltaics. Especially when the 1000-roof-programme end-
ed, strategic niche management appeared at the local level: protagonists of the solar 
scene were successful in implementing local feed-in laws, inspired by the Solar 
Group Aachen e. V. In contrast to the federal law, which only regulated the remuner-
ation of photovoltaics power at arm’s length, the concept of the Solar Group Aachen 
e. V. worked with cost-covering prices. The development of a policy instrument that 
aimed to convince users to purchase PV for return on investment reasons changed 
secondary aspects of the program. Still adhering to its policy core, the PV coalition 
learned new ways to achieve its goal. The new mechanism paved the way for the 
wider diffusion of photovoltaics by making them a financially attractive investment 
for more than just ideologically motivated environmentalists. 

These initiatives were strongly supported by the infant photovoltaics industry and its 
associations. The solar industry intensified its lobbying. With some of the global 
players that were also involved in cell production, such as Siemens and ASE, becom-
ing part of the advocacy coalition, political pressure became more effective. Siemens 
was already producing in the U.S., complaining that due to the lack of domestic de-
mand in Germany, it would not make sense to come back to Germany. ASE threat-
ened to follow Siemens, in the case that no follow-up programme would be started. 
In response, the federal government started debating on the 100.000-roofs-
programme. This long-term-perspective for public funding to create a niche market 
incentivised ASE to stay in Germany and even build new production plants. It in-
creased its capacity from 20 to 50 MW by the end of 2002 under the name of RWE-
Schott Solar (Jacobsson and Lauber 2006: 268).  

In the PV coalition’s formative stage significant opposition arose. Industrial organi-
zations, especially German utilities had strongly opposed political instruments to 
support photovoltaics, such as the early energy feed-in law from 1991 (Wong 2005: 
135). In 1994, Preussen Elektra lodged a complaint against this law on the European 
and the federal level. Opposition formed not only due to general criticism towards 
subsidising renewable energy technologies, but also because of the specific design of 
the feed-in law, which disadvantaged some of the utilities. Since renewable energy is 
mainly produced in the windy regions near the coast (wind power) and photovoltaics 
applications are concentrated in the sunny South, this bias meant that some Northern 
utilities or their customers had to finance subsidies for renewable energy technolo-
gies. The case was dismissed in the courts but the discussion did not recede.  
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5.4  Reaching a Critical Mass (1998 – 2009) 

Sabatier (1998) argued that policy change can only be achieved following external 
perturbations, such as changes in the government coalition or impacts from other 
subsystems. This also seems to be true in the case of PV. When, in 1998, the Green 
party, together with the Social Democrats, formed the federal government, the photo-
voltaics advocacy coalition took its chance. Now, it no longer had to be content with 
merely influencing the rebuilding of institutional frames and policy programmes 
from the outside of political institutions. The Greens took over the ministry of the 
environment and this initiated the institutionalisation of the photovoltaics advocacy 
coalition within the centre of political power. The situation in the late 1990s was ac-
companied by international and European developments, such as the liberalisation 
and deregulation of the energy sector. In the wake of the Kyoto protocol, internation-
al organisations as well as the European Commission made CO2 reduction a top-
priority political goal.  

As a consequence, the change in political power constellations was linked to a be-
ginning of the restructuring of the energy sector. Institutional settings and the infra-
structure of the energy sector started to become more open and fluid. Corporate 
structures were being reorganised and replaced by more competitive management 
and governance structures. Thus, innovation in photovoltaics was accompanied by 
the re-structuring of the energy sector and social innovations, like new management 
concepts, new user routines, “new roles and identities of electricity customers, new 
policy problems, regulatory concepts, institutions and governance arrangements” 
(Voß et al. 2003: 4). It can be assumed that these changes and transformation pro-
cesses in the sector not only shaped the background, but, more fundamentally, have 
been crucial factors in triggering innovation in photovoltaics. Institutional changes, 
such as deregulation in the energy sector and objectives formulated by the European 
Union concerning the transformation of the energy sector, opened up a policy win-
dow of opportunity for the success of an advocacy coalition working against the re-
sistance of the powerful advocates of traditional energy sources. Two policy instru-
ments were designed and implemented, which are widely believed as being decisive 
for the German photovoltaics success story. The actual design of the instruments was 
prepared and debated by solar groups, societies and associations. Groups like Eu-
rosolar (European Association for Renewable Energies), the German Association for 
the Promotion of Solar Power, and Greenpeace were extremely important for an ad-
justed “relaunch” of the 1.000-roofs-programme and the first feed-in law of 1991. 
The locally prevailing feed-in tariffs could later serve as blueprints for a new feed-in 
system on the federal level. Furthermore, the lobbying activities of associations and 
environmental groups helped to shape a novel roofs-programme on a far larger scale. 
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In 1999, the 100.000-roof programme was created. It was a market stimulation pro-
gramme, which offered soft loans with 10 years duration and 2 years free of redemp-
tion. In 2000, the Renewable Energy Sources Act (EEG) was passed. It set a fixed 
feed-in tariff of around 50 cents2 per kWh for 20 years, with a 5% decrease annually 
for installations after 2002. Compared to the first feed-in-law, which had been heavi-
ly opposed by the utilities, the additional costs of renewable energies were now 
shared and only 5% of the financial charges had to be paid by the utilities. The law 
was inspired by the local feed-in laws for solar power. The skills that had been 
achieved on the local level helped the Green Party to move the concept to the federal 
level. For this process, it was extremely helpful that one of the main protagonists of 
the local groups, who had organised local feed-in tariffs, was elected as a federal 
deputy in 1998 and thus could bring in experiences he had on the local level (Rosen-
baum et al. 2005: 79). He was among the Green deputies who initiated a discursive 
process involving various actors, such as environmental groups, solar industry asso-
ciations, the association of the machinery and equipment producers (VDMA), the 
metal workers trade union, solar cell producers and politicians from some Länder.  

This institutionalisation of an intermediate level of conflict can be interpreted along 
the lines of the notion of policy learning advanced by Sabatier (Sabatier and Jenkins-
Smith 1993). The panel did not intend to conduct a general discussion on the future 
of the German energy provision system (the policy core, still separating the coali-
tions). Instead, it only discussed the issue of financial support for renewable energy 
technologies. Hence, in 1998, the Green party acted as a policy broker, searching for 
compromises in secondary aspects that could be supported by the majority of actors 
and thus enlarge and finally stabilise the advocacy coalition in a way that it would 
survive even without institutional backing in the future. “The unorthodox coalition 
even included a major utility […]; as a result the big utilities were not united in their 
opposition.” (Jacobsson and Lauber 2006: 267). Further innovation in PV was still 
funded by public research grants – albeit at a decreasing rate. Public funds were con-
centrated more on network and cluster projects, many of which were embedded in 
structural policies in order to help the economically underdeveloped regions in the 
East of Germany. Regional cluster and network policy is a rather new policy in-
strument that aims to create an innovation friendly environment by fostering collec-
tive identities and trust in order to support the formation and development of local 
networks (Dohse 2007). Within the past few years, the solar industry has figured out 
where to settle down in order to receive subsidies. What we can see nowadays, are 
photovoltaics clusters in East Germany, predominantly located near the small town 
of Thalheim, in the vicinity of Bitterfeld, Saxony-Anhalt. In particular, small start-
ups, which have emerged after 2000, have settled down in the East. One of the world 

                                                
2  The exact amount is subject to size and application: electricity from roof-top systems is reimbursed 

higher than electricity sourced from ground mounted systems. 
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leaders in cell production is Q-Cells, a firm, founded in Berlin in 1999, which soon 
moved to Thalheim in order to start cell production in 2001. Q-Cells is an example of 
Germany’s success story, i.e., it perfectly reflects the effectiveness of the 100.000-
roofs-programme and the Renewable Energy Sources Act. By the end of 2002, it em-
ployed 82 persons; at the end of 2004 it already had 484 employees, a number which 
has grown to 1.700 by the year 2007.  

Q-Cells is also an example of how the photovoltaics industry is increasing its ability 
to acquire financing and venture capital from the private sector and the equity market. 
Since October 2005, Q-Cells is listed on the Frankfurt stock exchange, and, since 
December 2005, in its technology index TecDax. The first German PV firm to be 
listed on the stock exchange was the Solon AG in 1998. It was soon followed by So-
lar World AG in 1999, Sunways AG in 2001, Solar-Fabrik AG in 2002 and many 
others. All these companies were young start-ups, small and medium sized compa-
nies, which differed considerably from the multinational firms, such as Siemens and 
ASE, which had been dominating the early PV industry. 

The development and success of these new firms is evidence that the industry has left 
the formative stage (i.e., the niche market) and has been entering the take off stage 
(i.e., is ready for market expansion). Market expansion and the activities of new ac-
tors in the sector have been accompanied by a significant enlargement and diversifica-
tion of the photovoltaics advocacy coalition. This applies to producers as well as to 
users. Whereas first producers like the Freiburg Solar-Fabrik, founded in 1996 by the 
environmentalist Georg Salvamoser, were embedded in local solar networks and were 
not solely led by return on investment thinking, motives and behaviours of producers 
like Q-Cells, Solar World or Solon do not differ from producers in other sectors.  

Additionally, due to the Renewable Energy Sources Act (EEG), users of photovolta-
ics are no longer necessarily led by ‘green’ motives, as it has increasingly become 
profitable to purchase solar modules, especially for farmers, who have plenty of 
space on their barn roofs, which can be used as building ground for the rather cheap 
thin film technology (Rosenbaum et al. 2005: 85). Furthermore, this development is 
supported by the wide acceptance of solar energy by the German public. This trend is 
vividly reflected in the Christian Democratic Party, which has now firmly accepted 
the policy of supporting photovoltaics. So, when in 2005 the Red-Green government 
ended and was replaced by the grand coalition of Social Democrats and Christian 
Democrats, the new government did not opt to take a new path. The Renewable En-
ergy Sources Act was not abolished and a recent amendment to the law does not en-
tail comprehensive changes for PV support.  

The take-off stage has been accompanied by organizational changes that have helped 
to consolidate the chosen path. In 2002, after the re-election of the Red-Green gov-
ernment, coalition talks assigned the ministry of the environment full responsibility 
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for renewable energies. Whereas the beginning of the formative stage had been char-
acterised by conflicts between the ministry of economics and the ministry of research, 
both being rather averse to substantially supporting photovoltaics, in 2002 the situa-
tion changed completely. The ministry of the environment is now responsible for the 
Renewable Energy Law as well as the public financing of photovoltaics related R&D3. 

Meanwhile the photovoltaics industry in Germany is highly differentiated, thanks to its 
ability to build up important links to related industries. Therefore photovoltaics related 
R&D is not just research on new materials and cell efficiencies. The German machine 
building industry has benefited from the emergence of the photovoltaics industry. At 
the same time, German solar producers gained advantages from the expertise of the 
machine building industry as innovations in photovoltaics happen mainly through cost 
reductions in production processes. For the German machine building sector, a strate-
gic orientation to PV manufacturing equipment can be observed. The development of 
‘turn-key’ facilities helped to enable mass production and facilitated the standardisa-
tion process (Dewald 2007: 132). These are crucial preconditions to achieving econo-
mies of scale and making PV applications more competitive (Auer 2008: 12).  

Furthermore, architects and craftsmen, especially electricians, have adapted well to 
the new technology as a growth option for their businesses, and associated institu-
tions of vocational education have managed to adjust their curricula. Thus, well-
known bottlenecks that often constrain the diffusion of new technologies have been 
overcome. The specific dynamics of the advocacy coalition described in this article 
can be illustrated with an examination of the machine building industry. This indus-
try is an actor which cannot be considered to be part of the energy policy subsystem 
proper but is strongly supporting the PV coalition by now. At the beginning of the 
formative stage, there existed a single-minded coalition supporting renewable energy 
technologies. At that time, it shared a joint policy core, which was the transformation 
of the energy sector, substituting nuclear and fossil power plants for renewable en-
ergy technologies. Learning processes during the course of this stage helped to de-
velop new policy instruments. Radical opposition against the traditional energy sec-
tor, based on theories and visions highlighting worst case scenarios on the one hand 
and demonstrations and blockade actions on the other, gave way to more pragmatic 
considerations and helped the coalition to gain political power. The new PV policy 
core of the transformed coalition is now characterised not as purely oppositional to 
traditional forms of energy supply, but as supporting PV. Its formation has been ac-
companied by new theories, visions and ideas on generating demand for PV by re-
ducing costs, increasing returns, spreading information and eventually by finding 
                                                
3  Another form of institutionalisation are the so called ‘Glottertal talks’, which are strategic talks on 

photovoltaics related R&D. These talks originated in 1987, but have gained importance particularly 
during the last couple of years. Researchers and representatives of the leading institutes and com-
panies meet with members of the ministry of the environment in order to discuss future public 
R&D activities for PV. 
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ways to enlarge the coalition. These dynamics have resulted in the integration of ac-
tors like the machine building industry and even some of the utilities, who either do 
not belong to the policy subsystem or explicitly share another policy core and repre-
sentatives of various parties from the Eastern part of Germany. At this time, when 
the original policy core changed to support PV, the ground has been prepared for the 
integration of a very heterogeneous set of actors.  

 

 

6  A Future for Photovoltaics? Conclusions and Lessons 

At the beginning of this chapter, we claimed that the creation of niche markets can be 
a successful policy instrument in coordinated market economies (hypothesis 1), if a 
powerful advocacy coalition can be mobilised (hypothesis 2). Our analysis has 
shown that the support of PV after 1998 was successful in establishing a growing and 
profitable economic activity. The PV industry can produce and sell its products both 
in Germany and abroad. The story, however, also demonstrates that the success of 
such a policy depends on many favourable circumstances. It does not only need 
broad political and public support that goes beyond the initial policy core, but also a 
delicate architecture of instruments that are geared towards the special characteristics 
of the system to be supported. The policy instruments are mostly not generic, but 
geared towards the specific problems of the PV industry.  

The success of PV is also dependent on general conditions that offer a window of 
opportunity for change. The electric power sector over the last years has faced new 
challenges. These challenges have come from market liberalization, the expectation 
that the sector should contribute to environmental aims, and the development of new 
technologies (e.g., forms of renewable energy) that are difficult to integrate into the 
dominant regime of the sector. PV successfully exploited the fact that it was a decen-
tralised, small technology, which could be connected to the grid without severe diffi-
culties and compatibility problems. It could rely on existing scientific strengths in 
this area, as well as the expertise of suppliers (e.g., machine building industry). Some 
elements of path dependency are therefore present in the development of PV. 

The political instruments that were developed offered long-term security for the in-
dustry as well as incentives to build new production units in the disadvantaged re-
gions of the new German Länder. The users of PV-modules were guaranteed a 20 
year security on their investments. Consequently, PV could serve many masters. The 
strength of the coalition was recently demonstrated when the federal government 
amended the Renewable Energy Sources Act (EEG) without implementing important 
changes. It achieved nearly unanimous support by a public in favour of clean tech-
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nologies and was supported by an advocacy coalition comprised of scientists, politi-
cians, environmentalists and an increasingly economic group of actors. 

Taken together, the many beneficial factors and the very specific composition of the 
advocacy coalition also point to the difficulties in imitating this successful experiment 
in other areas. The lesson is not that the same policy should be and can be pursued in 
other cases as well. The general message, rather, is that customised innovation poli-
cies need to reflect the specific conditions and opportunities in the targeted area. 
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