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Abstract 

Renewable energy systems (RES) are becoming a strong component of local sustainable innovation strategies. 

Using a policy mix perspective, this paper investigates innovation policy criteria from municipalities’ locational 

factors, cooperation activities among stakeholders, and local knowledge about RES as antecedents to see how 

they leverage the development of local RES. We studied these antecedents at a local level by analyzing a sample 

of 727 middle and large German municipalities using instrumental variables regression. Our results indicate that 

policymakers should focus on building local knowledge related to RES for local actors and with enhancing public-

private cooperation activities. However, we did not find that locational factors such as direct incentives and 

energy and emissions reductions have a direct impact on RES. We suggest that these locational factors can 

provide indirect support for RES, as a starting point for the implementation of other policy criteria which we 

investigated in our study. Our findings also indicate greater RES development potential when policymakers adopt 

a facilitator role and support local innovation networks among different actors rather than keeping RES 

development activities within the municipality itself. In such an innovation network, stakeholders from non-

municipality public and private institutions offer additional support to develop a local RES. 

Keywords: Sustainability; innovation policy; policy mix; renewable energy systems; Germany; municipalities. 
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1.  Introduction 

Municipalities around the world increasingly meet economic and technological challenges to prepare 

for becoming locations which rely exclusively or dominantly on renewable energy (Van Staden, 2014). 

During this process, many of these municipalities have high interest in replacing conventional energy 

production with local renewable energy production systems. These municipalities frequently develop 

innovation policies and activities that contribute to the local renewable energy transition process (IdE, 

2014; Schönberger, 2013). However, innovation policymaking in this area is relatively new and 

policymakers as well as scholars lack an understanding of the underlying drivers, barriers and 

performance outcomes of these so-called Renewable Energy Systems (RES) (Bergek et al., 2015; 

Reichardt et al., 2016; Späth and Rohracher, 2012). Moreover, some studies report that such policies 

might sometimes have both negative and positive repercussions on public support and adoption of 

RES (Stokes, 2013; Stokes and Warshaw, 2017), which underscores the need for more research to 

understand the effective contributions of renewable energy policies on RES development. 

The sparse amount of international literature on local RES development mainly investigates examples 

in European Union member states like Germany, Denmark, and Sweden. Other examples in the 

literature investigate aspects of RES development in Canada, the United States, China, and Thailand 

(Liu et al., 2011; Lund, 2014; St. Denis and Parker, 2009). Our investigation focuses on Germany 

because of the success this country has achieved in the transition towards RES development, and we 

thereby address a needed topic of discussion in the RES literature (Rogge and Reichardt, 2016).  

To achieve its climate goals by 2050, Germany aims to significantly increase the renewable energy 

share of its total energy production within the next few years (e.g. BMUB, 2016). This strategic 

objective for the renewable energy sector has heavily influenced the agenda of German policymakers 

on the national, regional and local level in the last years. The ‘Energiewende’ (German for ‘energy 

transition’) is the transition towards an energy portfolio dominated by renewable energy. The ultimate 

goal is as close to a 100% substitution of coal, petroleum, petroleum gas and other non-renewable 

energy sources as possible. This overall goal includes important sub-goals such as an 80-95% 

greenhouse reduction by 2050; a 60% renewable energy share by 2050; 50% increased electricity 

efficiency by 2050; and associated research and development (R&D) and innovation efforts which 

intensely support all these sub-goals (BMUB, 2016). The renewable energy transition in Germany 

already has resulted in a considerable increase of renewable energy production, especially in terms of 

wind energy. For example, in the period 2006 to 2016 the ‘installed wind energy capacity’ (both, 

onshore and offshore) has more than doubled – from 2,215 to 4,259 Megawatts – (German Wind 

Energy Association, 2017). Germany's share of power generation based on renewables amounted to 

approximately 30% in 2016 (BMWi, 2016). Some of Germany’s national-level energy transition efforts 

are beginning to appear in many municipalities. For example, through broad citizen participation there 

are now hundreds of local climate protection initiatives along with many newly founded public or 

public-private municipal energy-saving efforts (Institute Decentralized Energy Technologies, 2014; 

Schönberger, 2013) and there are approximately 1,000 new energy cooperatives (DGRV, 2016). 

Our study focuses on German municipalities as level of analysis. This is because they have a very strong 

constitutional position in the political and administrative multi-level system of federal, state, regional 

and local administrations, compared to other countries engaged in RES development. This means that 

municipalities in Germany have the right to implement specific legal regulations for their own local 

territories. Such municipal regulations refer in the renewable energy sector, for example, to legally 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
https://en.wikipedia.org/wiki/German_language
https://en.wikipedia.org/wiki/Energy_transition
https://en.wikipedia.org/wiki/Energy_transition
https://en.wikipedia.org/wiki/Renewable_energy
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binding rules for approval procedures and land-use plans for new plants or statutes for privately owned 

wind-farms or solar energy parks. Furthermore, municipalities in Germany have the possibility to 

operate their own local electricity grids and utility companies. Municipal utilities can form public-

private partnerships with private firms and public-public partnerships with partner organizations 

outside the territories of their municipalities (Bulkeley and Kern, 2006; Kuhlmann, 2016; Schönberger, 

2013). 

In such a context, the few available studies seem to indicate that innovation activity decisions by 

German municipal policymakers heavily influence local transition processes of the energy system 

(Bürer and Wüstenhagen, 2009; Rogge and Reichardt, 2016). However, as mentioned, studies show 

that such decisions can sometimes have a negative effect on the support and expansion of RES (Stokes, 

2013; Stokes and Warshaw, 2017). Thus, there are still open questions regarding the effects that 

energy policy decisions can have on RES development (e.g. Richter, 2013). Moreover, existing studies 

in this research area are mostly qualitative case studies. Our study of German local RES aims to fill the 

research gap in terms of quantitative studies by providing empirical data regarding RES-related 

influencing policy factors to support an understanding of the dynamics of RES development. 

Particularly, there is a lack of empirical research to provide evidence about the contribution of specific 

policies to local innovation systems in the renewable energy sector. This is especially the case when 

we refer to a policy mix approach in which various policy instruments play different, but 

complementary roles in the process of local renewable energy system development (Jorgensen, 2005; 

Reichardt et al., 2016; Rogge and Reichardt, 2016). We study a number of different, but 

complementary policy critera as potential antecedents for local RES development (Cantner et al., 2016; 

Rogge et al., 2015). Additionally, although there is a growing literature on renewable energy transition 

and related innovation policies (e.g. Geels, 2010; Jacobsson and Bergek, 2004; Verbong and Geels, 

2007), only a couple of studies have so far investigated local innovation policies in particular as they 

relate to RES (Bergek et al., 2015; Markard et al., 2012). Considering both problems (the lack of 

empirical understanding of the impact of these innovation policies and the need for investigating 

aspects of RES at the local level), for this paper we empirically investigate the following research 

question: What are the effects of innovation policy criteria as antecedents of local development of 

renewable energy systems (RES) in German municipalities?  

Thus, we analyze how three main innovation policy criteria can benefit RES development (Auld et al., 

2014; Bassett and Shandas, 2010; Bürer and Wüstenhagen, 2009; Gerstlberger, 2004; Schönberger, 

2013): (i) municipal locational factors, (ii) cooperation among stakeholders, and (iii) the existence of 

local knowledge about RES. This is studied by means of a large-scale online survey across 727 mid-sized 

and large German municipalities. Although there are considerable differences between the political 

systems of states like Germany, Denmark, Sweden, Canada, the United States and China, the 

contributions of our quantitative study point to an important general implication for local, regional 

and national policy makers in different countries. Our results show that municipalities should be 

supporting facilitators for RES development, but not the main players for local RES development. 

The remainder of this article is organized as follows. Section 2 introduces the theoretical background 

of our study of local RES and underlying sustainability innovation policy criteria in Germany. Section 3 

presents the hypothesis development. Section 4 describes the research method. Section 5 contains 

the results and Section 6 the discussion of our results. The article closes with conclusions, which form 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
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Section 7. In this final section we also point to the limitations of the study, some policy 

recommendations, and a number of proposals for future research. 

2. Policy mix processes leading to development of renewable energy systems 

Following Bergek et al. (2008), Kitzing et al. (2012) and Reichardt et al. (2016), we define an RES as a 

socio-technical system, i.e. a network of actors, rules and material artifacts, that influences the speed 

and direction of technological change toward the specific use of renewable energy sources to produce 

electricity, heat/cooling and transportation. An RES can be part of the technological innovation system 

of a country, region and/or municipality. For example in Germany, one RES is part of a broad concept 

called the National Innovation System (Bergek et al., 2008; Reichardt et al., 2016). An RES is radically 

different from conventional energy innovation systems in terms of density, structure, regulatory 

features and management practices (Tsoutsos and Stamboulis, 2005). The development of an RES 

implies a socio-technical transition that includes changes in user practices and institutional structures, 

in addition to the technological dimension and to the development of complementary infrastructure 

(Markard et al., 2012). The most explored energy sources in this type of system are those related to 

wind power, solar energy (solar thermal and photovoltaic energy), and bioenergy (Lund, 2009). 

Sustainability transitions can support the development of an RES. Such transitions are receiving 

increasingly scientific and political attention (Markard et al., 2012) and are developing towards the 

main development strategy of some countries (Rogge and Reichardt, 2016). Additionally, as Lund 

(2009) explains, RES development is often linked to substantial public support. Prior research found 

that innovation policies are essential for sustainability transition and, specifically, for RES development 

(Hoppmann et al., 2014; Jorgensen, 2005; Lund, 2009). However, recent literature on policy support 

for the renewable energy sector cautions that public support should not hinge on a single innovation 

policy for the development of RES, but on the combination of different policy instruments in so-called 

policy mixes for sustainability transitions (Reichardt et al., 2016; Rogge and Reichardt, 2016). The 

argument for this policy mix recommendation is that socio-technical systems, of which energy systems 

are a part, are slowed down by multiple markets and by systemic and institutional failures, requiring 

multi-faceted policy intervention (Reichardt et al., 2016; Weber and Rohracher, 2012). 

For this paper we build on the policy mix approach used by others authors such as Guy et al. (2009) 

and Nauwelaers et al. (2009). We understand policy mix as the combination of government policy 

instruments which, by design or fortune, have direct or indirect impact on the quantity and quality of 

research and development (R&D) investments in public and private sectors for the purpose of 

developing innovation systems. However, existing research differentiates two levels of policy mixes: a 

policy strategy level and a policy instrument level (Rogge and Reichardt, 2016). The first level considers 

the long-term objective of the policy – as for instance the intention to develop an RES – while the 

second level considers the specific activities, techniques and tools that are necessary to achieve these 

objectives. This paper defines an additional middle-level category, which we name ‘innovation policy 

criteria’. Our understanding of ‘policy criteria’ is inspired by Hayden (1995) who extensively studied 

implementation processes of new policies in different fields. Hayden (1995) defines underlying criteria 

for the formulation of new policies as an outcome of policy judgment which is based on strategy yet 

separate and prior to establishment of implementation goals, program standards, and decision rules 

etc. Furthermore, we base this innovation criteria concept on the literature dealing with decision-

making for sustainability. This literature groups several indicators and activities into main instrumental 

categories (Frank et al., 2016a; Konidari and Mavrakis, 2007; Pohekar and Ramachandran, 2004). 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
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These prior works lead us to define innovation policy criteria as constructs representing sets of policy 

instruments and decisions comprising common characteristics among them. In other words, policy 

criteria are a higher level of abstraction regarding specific policy instruments. As explained next in this 

paper, by considering a policy mix approach we focus on three main sets of policy instruments (policy 

criteria): municipal locational factors, cooperation activities and local knowledge, representing sixteen 

different policy instruments. While several researchers refer to these sets of instruments as policy 

decisions, support mechanisms, etc. (Foxon et al. 2005, Elzen et al., 2004; Jacobsson et al., 2009; Stokes 

and Warshaw, 2017; Stokes, 2013; Wüstenhagen et al., 2007), we prefer to emphasize them as 

innovation policy criteria. The focus on innovation is important because these instruments intend to 

provide a transition toward RES by creating new ecosystems and infrastructures that can support RES 

(Kern and Smith, 2008; Tsoutsos and Stamboulis, 2005). Since we consider RES as a specific type of a 

regional innovation system (Bergek et al., 2008; Reichardt et al., 2016), we consider also that policies 

for such development are analogous to innovation policies in the general literature of innovation 

systems (Klein Woolthuis et al. 2005). These considerations not only provide a more accurate definition 

of the levels and structures of the policy mixes involved in RES development, but it also addresses 

shortcomings of prior studies and enables us to empirically investigate the operationalization of these 

policies. 

Regarding prior studies on policy mixes for RES the literature highlights some limitations and needed 

research. The first limitation is that few studies focus on analyzing innovation policies from such a 

policy mix perspective (Reichardt et al., 2016). Moreover, Rogge and Reichardt (2016) point out that 

the existing policy mix studies often fall short of reflecting the complexity and dynamics of actual policy 

mixes, i.e. the underlying policy goals and the evaluation of their impacts. This last point is one of the 

most critical issues, since there is an important lack of in-depth research concerning the impact of 

different policy mixes on a technological innovation system as a whole (Reichardt et al., 2016). As 

Jorgensen (2005) states, it is not clear in the literature to what change specific policies will lead and if 

this change will produce a more sustainable or just a more unpredictable and vulnerable energy sector. 

For these reasons, our study aims to understand such an impact by considering three specific 

innovation policy criteria that compose a specific policy mix and that can have an impact on the process 

of RES development in German municipalities.  

3. Hypothesis development 

Following a policy mix approach, we propose with our hypotheses three main innovation policy criteria 

that can contribute to the development of renewable energy systems: (i) municipal locational factors, 

(ii) cooperation among stakeholders, and (iii) the existence of local knowledge about RES. These three 

innovation policy criteria derive from our review and interpretation of the findings from the 

international literature (see particularly Auld et al., 2014; Bassett and Shandas, 2010; Bürer and 

Wüstenhagen, 2009; Gerstlberger, 2004; Schönberger, 2013; Smith, 2007). Our literature review 

covers not only specific RES and related innovation policy literature, but also relevant innovation 

system and policy literature from various disciplines such as innovation management and economics, 

urban and regional studies, political science, and economic geography. These works are referenced in 

the following subsections of our hypothesis development. It is worth noting that we did not aim to be 

exhaustive regarding the innovation policy criteria considered in this paper, since there can be other 

influencing factors leading to RES development. We selected the three innovation policy criteria 

because they cover most of the regional innovation systems activities for RES (Gerstlberger, 2004). 

Moreover, when we discuss in the following subsections the contribution that these policy criteria 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
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provide toward a more developed RES, we refer to the level of RES development in terms of RES 

activities’ intensity and technology adoption (Gestlberger, 2004; Wüstenhagen et al., 2007; 

Mascarenhas et al., 2010). The reason for this decision is that we assume an innovation system point 

of view for RES (Bergek et al., 2008; Reichardt et al., 2016), as we previously discussed in Section 2 . In 

the following section we provide more details about these criteria and the hypothesized effect on RES 

development. 

3.1. Municipal locational factors 

Municipal locational factors comprise one innovation policy criterion which specifically provides 

structural conditions for the development of RES (Kutschke et al., 2016). One important example of 

municipal locational factors is availability and price level of commercial spaces for wind or solar energy 

parks which are based on legally binding local land-use plans. Another example is the time and 

investors’ effort required for approval procedures for new renewable energy plants, the technological 

status and capacity of municipal energy grids, and local subsidies for renewable energy investors (Bürer 

and Wüstenhagen, 2009; Wüstenhagen et al., 2007). From the three criteria that we investigate in our 

study, locational factors are the criterion for which municipalities have a more direct possibility to 

participate and contribute regarding their local RES development.  

Analyzing the role of locational factors, we consider that municipalities can be micro accelerators for 

the development of renewable energy systems (Kostevšek et al., 2015). There is a need for both 

regulatory and promoting policy instruments to create the appropriate condition for the development 

of an RES (Rogge and Reichardt, 2016). Efforts towards the reduction of CO2 and the dependency on 

conventional energy sources are some of the main regulatory instruments that exist for municipalities 

(Jorgensen, 2005; Reuter et al., 2012). Tariff and tax systems are also part of the municipal instruments 

(Hoppmann et al., 2014; Reichardt et al., 2016). In addition, municipalities can make own specific 

efforts to promote R&D activities with focus on renewable energy. Examples for such efforts are the 

search for potential renewable energy project investors or the creation of supportive economic and 

legal conditions for entrepreneurship in the renewable energy sector (Bergek et al., 2008; Kalkbrenner 

and Roosen, 2016; Kamp et al., 2004). One example for this kind of positive approach is the Danish 

government technological innovation program for the support of wind power generation development 

(Jorgensen, 2005).  

There are specific situations when some municipal locational factors can provoke negative 

repercussions and political tensions, as for example in the case of Ontario reported by Stokes (2013). 

In this case a policy decision created trade disputes initiated by other countries who sent their 

complaints to the World Trade Organization (WTO). Between 2012 and 2013, Industry representatives 

and policymakers in Germany became aware of the Ontario case and, to address this issue and prevent 

anything similar from happening in Germany, the Federal Ministry of Economic Affairs and Energy in 

Germany issued a legal ruling in 2014 confirming that the current municipal RES support practices in 

Germany are being conducted in accordance with WTO rules (Gerstetter et al., 2014, p. 169). 

Furthermore, the scope of the legal review includes a worldwide overview regarding “local content 

requirements” for renewable energy support and a more in-depth discussion for ten different 

countries. Thus it is evident that the municipal regulatory and promoting factors for development of 

RES, which is expected to be in accordance with international trade laws, is no trivial undertaking.  

Hence our hypothesis regarding the effect of this innovation policy criteria: 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
https://dict.leo.org/englisch-deutsch/legally
https://dict.leo.org/englisch-deutsch/binding
https://dict.leo.org/englisch-deutsch/land-use
https://dict.leo.org/german-english/plan
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H1: Municipalities that are engaged in innovation policies and focus on their locational factors have 

more developed renewable energy systems than municipalities without such a focus.  

3.2. Cooperation activities 

Cooperation is in the core of innovation research, after Teece (1986) first proposed this concept as a 

source of assets for an efficient appropriability regime. Since then scholars approached innovation as 

a collective process (Schmitz, 1999) and as university-industry-government relations in the triple helix 

(Etzkowitz and Leydesdorff, 2000). In the context of environmental policies the strategy of distributing 

innovation responsibilities between a growing number of public and private stakeholders has resulted 

in an increase in the efficiency of such policies (Bergek et al., 2008; Keijzers, 2000). 

The cooperation between municipalities, industry, financial as well as other service firms, policymakers 

and citizens in the development phase is a relevant factor for the design of energy strategies 

(Gustafsson et al., 2015; Schönberger, 2013). The activities for which these different actors are invited 

to engage themselves particularly include: defining legislation, formulation of implementation plans, 

and joint definition of environmental objectives (Keijzers, 2000). As a result, the development of 

specific policy objectives in association with organized interest groups has the power to generate 

meaningful future commitment. This can help to reduce political resistance of interest groups such as 

the “European Platform against Windfarms” (with 189 organizations in Germany alone), a network of 

approximately 200 local initiatives against wind energy in the state of Schleswig-Holstein (North 

Germany), and large local initiatives in cities like Stuttgart and in the Bonn/Cologne region. The 

involvement of society (e.g. environmental associations) may also lead to a reevaluation of present 

consumption patterns (Keijzers, 2000) and to more transparent decision-making processes 

(Gustafsson et al., 2015). Furthermore, such collective engagement stimulates social learning and gives 

the actors equality of legitimate voices (Gustafsson et al., 2015). 

However, such collective engagement creates challenges. For example, Seuring and Müller (2008) 

argue that coordination complexity and effort can be an important barrier for implementing 

sustainable business models and supply chains. Matos and Silvestre (2013) investigated sustainable 

business model case studies in the Brazilian renewable energy sector; they find there is a “combination 

of approaches promoting the participation of a diverse number of local stakeholders” to reach a critical 

mass of stakeholder groups for sustainable business model development. The various challenges of 

actor-stakeholder coordination and mobilization for the development of local renewable energy 

sectors relates to all seven functions of Technological Innovation Systems (TIS) (Bergek et al., 2008). 

These seven functions include entrepreneurial activities, knowledge development, knowledge 

exchange, guidance of the search, formation of markets, mobilization of resources, and counteracting 

resistance to change. Bergek et al., 2008, find that the TIS functions of knowledge development, 

knowledge exchange, and partly also mobilization of resources (e.g. available spaces for new 

renewable energy plants) are relevant for RES development, based on cooperation between 

municipalities and further stakeholders.  These studies clearly demonstrate that an opening of 

municipal innovation activities in the renewable energy sector towards cooperation with private firms, 

policymakers, non-governmental organizations (NGOs), and citizens appears as one important success 

factor in both the German literature on RES development (e.g., Schönberger, 2013) and internationally 

(e.g. Foxon et al., 2005; Wüstenhagen et al., 2007; Gustafsson et al., 2015). Therefore, we propose the 

following hypothesis: 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
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H2: Municipalities that are engaged in innovation policies and focus on cooperation among 

stakeholders will have more developed renewable energy systems than municipalities without such a 

focus. 

3.3. Existence of local knowledge about renewable energy systems 

Policymakers can use technological and economic knowledge that municipal actors (e.g. public and 

private institutions) have acquired in prior projects to learn and evolve in climate policies and to 

promote RES projects (Hildén, 2011). As Noailly and Smeets (2015) demonstrated, past knowledge 

stocks positively affect the level of innovation in the context of renewable energy projects. Hildén 

(2011) found that regions with a high knowledge stock in the agricultural sector are inclined to develop 

policies to promote renewable energies, such as biofuels, in a way that farms can become self-

sufficient and eventually energy-producers. This industry-specific finding fits to the more general 

observation that national or regional governments have used policy instruments to focus on R&D and 

knowledge generation for the development of particular industries and capacities (Hildén, 2011; 

Paraskevopoulou, 2012). Johnstone et al. (2010) found that tradable energy certificates, which are 

driven by public policy, result in higher R&D spending and more patents generation on renewable 

energy overall. Furthermore, several authors note that policymakers encourage innovation in 

renewable energy projects when providing specific R&D subsidies (Cantner et al., 2016; Noailly and 

Smeets, 2015). As a consequence, governments that effectively assign public investment to initiate 

R&D programs can increase private sector empowerment in energy technology innovation (Mowery 

et al., 2010).  

A further important aspect of “local knowledge” about RES relates to specific perceptions of the 

broader local public in general, or more specifically of certain influential local stakeholder groups. For 

example, Olson-Hazboun et al. (2016) investigate local RES development projects cases in the Rocky 

Mountain region of the United States. They find that the successful policymakers frame policy 

initiatives for such projects with aspects like economic benefits and concerns about landscape impacts 

rather than as environmental issues. Späth and Rohracher (2010) conducted case study research in 

Austrian “energy regions” focused on “regional discourses” and “guiding visions (Leitbilder)”. They 

found that “regional niches”, e.g. “regional energy autonomy” which is based on energy production 

from biomass, served as starting points for broad policy coalitions. Such a public policy focus can give 

support for future private development, as for instance basic research (Mowery et al., 2010). 

Investments in universities’ research and the creation of municipality-owned companies with focus on 

energy projects can generate applied as well as basic knowledge that supports technology 

development in the long term (Gustafsson et al., 2015; Howells, 2005).  

As mentioned in the introduction, public and public-private utility companies in German municipalities 

often have strong financial and technological positions (e.g. Richter, M. 2013.; Wüstenhagen and 

Bilharz, 2006). This is a unique position compared to many other countries, and it enables applied as 

well as basic R&D with a focus on renewable energy production and use. To promote these 

opportunities, municipal utilities typically cooperate with universities of applied science as well as with 

traditional universities, depending on the type of joint research. Moreover, since public research 

institutes usually generate knowledge that is broadly disseminated (Mowery et al., 2010), it is plausible 

that regions with more of these institutions may achieve a better performance in innovation and 

renewable energy projects. In the same line, Popp's (2002) findings demonstrate that the quality of 

the stock of available knowledge is an important factor that induces new energy innovation. Due to 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
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this reason regions with active universities and research institutes are probably more prone to have 

innovative RES project. Thus, we propose the following research hypothesis: 

H3: Municipalities that are engaged in local innovation policies and have knowledge about the 

renewable energy sector will have more developed renewable energy systems than municipalities 

without such a focus. 

4. Research method 

4.1. Sampling  

Our quantitative research consists in a large-scale survey that a university-based German opinion 

research center conducted. The target population was German municipalities in all 16 federal states. 

As municipalities, we refer to territorial units with local public administration (EUROSTAT, 2013; 

Liesbet and Gary, 2003). We obtained a list of 11,300 German municipalities from the Association of 

German Cities (Deutscher Städtetag, 2012). Although in all municipalities in Germany innovation 

activities for the transition process towards renewable energy might occur, in the context of this study 

we focused on randomly selected municipalities with more than 1,000 inhabitants. The reason for this 

selection is that medium and large German municipalities are more systematically supporting 

innovation activities for the transition process (Rösler et al., 2013). Consequently, our final population 

comprised 2,100 medium and large municipalities. 

We sent the questionnaire to 2,100 municipalities’ representatives for urban and/or regional 

development (i.e. the main policy makers in charge of the energy policy development in the 

municipality). Similar to previous research (e.g. DeENet, 2009; Mascarenhas et al., 2010) we used a 

single-respondent design, given the difficulty to access several respondents for each case. The original 

questionnaire was in German language and we translated the data from our municipality survey 

afterwards into English language. We collected our data through an online survey, combined with 

telephone assistance, as many municipalities in our target population were not familiar with 

innovation concepts. As a result, we obtained a return of 727 useful questionnaires (overall response 

rate of 34.6%). The demographic distribution of our sample is presented in Table 1. 

 

Table 1 – Demographic distribution of the German municipalities of the sample  

Sample 
categories 

Classification 
Number of 

municipalities 
Percentage of 
municipalities 

Distribution by 
size (number of 

inhabitants) 

≤2,500 136 19% 

2,500 to 4,999 150 21% 

5,000 to 9,999 185 25% 

10,000 to 19,999  114 16% 

20,000 to 49,999 68 9% 

≥ 50,000 74 10% 
    

Distribution by 
regions 

East 149 20% 

North 124 17% 

South 314 43% 

West 141 19% 

 Total (n) 727  
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We tested the possible existence of non-response bias in our sample in two different ways. First, we 

verified qualitatively the composition of our sample. In this sense, our response population was 

representative for the overall Germany municipality population regarding size classes and major 

regions (East/West). Second, we also used a quantitative approach following the extrapolation 

technique. This approach follows the assumption that late respondents are most similar to non-

respondents because their replies took the most effort and the longest time (Armstrong and Overton, 

1977; Wagner and Kemmerling, 2010). Thus, we compared early (n1= 468) and late (n2= 259) 

respondents to check in terms of significant differences in the responses. As result from the total of 24 

independent and dependent variables, that compose our constructs, only one (item h, Appendix A) 

showed significant differences between both groups at p<0.001. All other variables did not show 

differences between early and late respondents. Therefore, our data did not reveal any major concern 

regarding a possible non-response bias. 

4.2. Measure definition 

For the measure definition, we first conducted interviews with mayors, further municipality top policy 

makers and managers in firms to explore whether the empirical operationalization of our conceptual 

framework was understandable. In addition, we also used these qualitative interviews to validate our 

constructs and to further specify the constructs from a practitioner’s perspective. After having 

conduced 20 interviews, we developed our survey design. The hypotheses of our survey suggest that 

there are three main innovation policy criteria that municipalities’ decision makers may consider when 

deciding to promote the development of renewable energy projects: Municipal locational factors 

[LOCATION], Cooperation activities [COOPERATION] and Local knowledge about RES [KNOW]. 

Following our hypotheses, these three main criteria can impact on the level of Development of the 

renewable energy system [DEVELOPMENT] of the municipality.  

We measured the three innovation policy criteria LOCATION, COOPERATION and KNOW by five items 

each. We measured the dependent variable DEVELOPMENT with four items. Since the literature 

proposed no specific constructs previously, we collected different policy instruments from prior 

studies to compose our three innovation policy criteria. Therefore, we proceeded afterwards with a 

complete measure validation procedure for the proposed constructs (Section 4.4). In Table 2 we 

present a resume of the questionnaire measurement items and the references which we used for 

them, while the complete questionnaire is available in Appendix A.  

We evaluated all questionnaire items for the explanatory variables with a seven-point Likert scale. For 

the items regarding DEVELOPMENT we used a concordance scale ranging from 1-strongly disagree to 

7-strongly agree1. For the items concerning the three sustainability innovation policy criteria 

[LOCATION, COOPERATION and KNOW] we applied an importance scale ranging from 1-not important 

at all to 7-extremely important for the municipality´s policy2. 

 

                                                           
1 Respondents received a cover letter asking them to assess their perception of RES development using as 
reference to the 2050 goal (Energiewende) of the Federal Government. This means that “high” development 
should indicate strong characteristics to achieve this long-term goal of the country.  

2 Some subjects of the questionnaire address regional characteristics. The region was defined for the respondents 
as the geographical and administrative area over which the municipality has political influence. 
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Table 2 – Constructs and measurement items  

 Construct  Measurement Items References 

Development of 
Renewable 
Energy System 
[DEVELOPMENT] 

Innovation activities for renewable energy Mascarenhas et al. (2010) 

Adoption of renewable energies Mallet (2007); Wüstenhagen et al (2007) 

Presence of renewable energy promoters Gerstlberger (2004) 

Presence of renewable energy companies Mascarenhas et al. (2010) 

Municipal 
locational factors 
[LOCATION] 
 

CO2 emission reduction 
Keijzers (2000); Lund and Mathiesen 
(2009) 

Energy dependency reduction Lund and Mathiesen (2009) 

Incentives for energy investors Bürer and Wüstenhagen (2009)  

Incentives for renewable energy 
entrepreneurship 

Bürer and Wüstenhagen (2009) 

Proximity with national energy operators Jacobsson and Lauber (2006) 

Cooperation 
activities 
[COOPERATION] 
 

Public-private cooperation 
Foxon et al. (2005); Martins et al. (2011); 
Pattberg et al. (2012) 

Society cooperation Gerstlberger (2004); Pattberg et al. (2012)  

Community visibility Kern and Alber (2008) 

Society acceptance Mallett (2007); Wüstenhagen et al. (2007) 

Involvement of regional promoters Gerstlberger (2004) 

Local knowledge 
about RES 
[KNOW] 
 

Municipality´s knowledge for renewable 
energy projects 

Østergaard et al. (2010)  

Previous experience in the municipality 
with renewable energy projects 

Østergaard et al. (2010) 

Existence of in-house R&D activities in 
local renewable energy firms 

Dooley (1998) 

Existence of universities in the region of 
the municipality 

Trencher et al. (2013) 

Regional knowledge development in the 
agriculture and forestry sector 

Angelis-Dimakis et al. (2011) 

 

We also included three control variables in our final model. First, we included municipality´s size as a 

control variable, since larger municipalities are more prone to invest in sustainability projects (Rösler 

et al., 2013). Considering this aspect further, we also introduced two dummies to control three 

municipality size levels (up to 10,000 inhabitants: Dummy_size_small; from 10,001 to 50,000 

inhabitants: Dummy_size_medium; and more than 50.000 inhabitants: both other size dummies equal 

to 0). The two further variables consider whether the municipalities develop their own renewable 

energy projects [OwnProjects] and whether they promote their own renewable energy projects 

[OwnPromotion] (both variables are dummies: yes/no). This last variable means, for example, that 

municipalities directly apply – often together with their company-, university- or NGO-partners – for 

governmental subsidies for local RES projects on the state and/or federal level. “Own projects” does 

not usually imply “local content requirements” (see section 3.1.). The cooperation with “external” 

stakeholders (meaning non-local partners) is quite common for RES projects of German municipalities 

(e.g. Rösler et al., 2013). 

With the two last control variables we consider the municipalities’ own and active innovation policies 

to foster the development of RES. This means that some municipalities can be more than facilitators, 
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being central actors of the RES (Schönberger, 2013), showing higher performance in the RES 

development than those that are only facilitators for such a development. 

4.3. Common method variance 

Since we applied our questionnaire to a single respondent for each municipality, there is a risk of 

common method bias. This risk exists because the same person answered a subjective scale for both 

the dependent and independent variables (Podsakoff et al., 2003). Therefore, following the suggestion 

of Podsakoff et al. (2003), we used different strategies to reduce the possible effect of common 

method variance.  

First, we randomly distributed the independent and dependent variables in our questionnaire to 
reduce the possible association that the respondents could make. We, furthermore, sent the 
questionnaire to appropriate key informants for the data collection. All of them were involved in 
renewable energy policy development in their municipality administration during our survey period. 
We also guaranteed the respondents anonymity, with the aim that they could feel free to answer 
sincerely and without restrictions all items. Finally, we used a statistical approach to assess the 
common method bias: the Harman’s single-factor test with an exploratory factor analysis (EFA). 
According to this test a common method bias can occur in the data by a single factor accounting for 
the majority of the variance in the model (Podsakoff et al., 2003). 

The result of this test with all dependent and independent variables showed four factors and the 

highest factor accounted only 19.78% of the variance, indicating that common method bias should not 

be a problem in the sample. However, as Guide and Ketokivi (2015) state, we cannot definitively 

confirm that common method variance is really inexistent in our sample, since the only certain way to 

avoid this problem is using a multiple-respondents approach for each municipality. In this sense we 

addressed all possible precautions strategies, but there is still a limitation which is usual in survey 

studies (Guide and Ketokivi, 2015). 

4.4. Measure validity and reliability 

We used confirmatory factor analysis (CFA) in STATA 13.0 to assess the unidimensionality of our 

constructs (LOCATION, KNOW, COOPERATION and DEVELOPMENT). First, we estimated the fitness of 

each single construct: LOCATION (χ2(5)= 41.41; RMSEA = 0.058; CFI = 0.988); KNOW (χ2(4)= 19.13, 

RMSEA = 0.072; CFI = 0.988); COOPERATION (χ2(5)= 25.91; RMSEA = 0.076; CFI = 0.977); and 

DEVELOPMENT (χ2(2)= 11.46; RMSEA = 0.081; CFI = 0.996). Secondly, we assessed the overall model fit 

(χ2(203)= 834.99; RMSEA = 0.065; CFI = 0.924. All these results indicate that the models fit is adequate. 

Moreover, all items loaded strongly on their constructs (factor loading p-value < 0.01) and all 

constructs’ reliabilities (Cronbach’s α and Composite Reliability, Table 3) were beyond or close to the 

threshold level of 0.7, as suggested by Hair et al. (2009). 

Additionally, in order to compare with the CFA results, we also submitted all variables from the 

independent and dependent constructs to a single exploratory factor analysis (EFA) in STATA 13.0. We 

performed this EFA by means of a principal component analysis (PCA), adjusted by a Varimax rotation 

in case that the factor loadings were not concentrated on a specific factor (Hair et al., 2009). As result 

we obtained four principal components. All variables that composed the same construct in the CFA 

showed high factor loadings on the same factor. Only one variable showed a high factor loading on 

two different components. Consequently, we validated our constructs by two different approaches, 

since we obtained by EFA the same constructs as in the CFA model. 
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Furthermore, we assessed discriminant validity by means of a set of two-factor model estimations 

(Akgun et al., 2007; Bagozzi et al., 1991). We performed two CFA models for each pair of possible 

constructs and, afterwards, we compared the goodness of fit of both models. In the first model we 

restricted the correlation between the two constructs to unity, i.e. all items of both constructs were 

supposed to load on one single construct. In the second model we freed this restriction and calculated 

the good of fitness of the original constructs. We compared the resulting chi-square of the first and 

second model and the chi-square change should be Δχ2 > 3.84 (p-value < 0.05) to consider that 

discriminant validity is satisfactory. As result, all constructs demonstrated discriminant validity 

(COOPERATION & KNOW: Δχ2 = 95.05, p <0.001; COOPERATION & LOCATION: Δχ2 = 136.41, p <0.001; 

LOCATION & KNOW: Δχ2 = 270.5, p <0.001; COOPERATION & DEVELOPMENT: Δχ2 = 751.99, p <0.001; 

LOCATION & DEVELOPMENT: Δχ2 = 737.08, p <0.001; KNOW & DEVELOPMENT: Δχ2 = 942.98, p <0.001). 

In Table 3 we present the reliabilities of the multiple-item measures, the construct correlations, and 

the descriptive statistics for the scales. This table also shows that there is a high correlation between 

different variables. Therefore, when we performed the regression analysis, we also tested the 

possibility of multicollinearity which is a problem for regression models (Wooldridge, 2010). The mean 

of variance inflation factors (VIF) in the regressions models was 6.22, less than the 10.0 threshold, 

suggesting that multicollinearity is not a concern in our model. 

 

Table 3 – Bivariate correlation matrix with descriptive scales and reliability estimates 
    Mean S.D. 1 2 3 4 5 6 7 8 

1 DEVELOPMENT 3.68 1.89 -- 
   

    

2 LOCATION 4.59 1.19 0.21** -- 
  

    

3 COOPERATION 4.62 1.28 0.31** 0.60** -- 
 

    

4 KNOW 4.16 1.48 0.38** 0.57** 0.68** --     

5 Size_small (control) dummy -0.24** -0.09* -0.13** -0.17** --    

6 Size_medium (control) dummy 0.19** 0.05 0.11** 0.09* -0.82** --   

7 OwnProjects (control) dummy 0.11** 0.19** 0.18** 0.26** -0.15** 0.11** --  

8 OwnPromotion (control) dummy 0.12** 0.21** 0.19** 0.22** -0.14** 0.08* 0.25** -- 

 
           

Cronbach's alpha (α) -- -- 0.92 0.759 0.781 0.820 -- -- -- -- 

Composite reliability (CR) -- -- 0.99 0.984 0.998 0.990 -- -- -- -- 

** p<0.01; * p<0.05 

 

Finally, we tested assumptions of normality, linearity and homoscedasticity between the independent 

variable (DEVELOPMENT) and the dependent variables (LOCATION, COOPERATION and KNOW) (Hair 

et al., 2009). We examined the residuals to confirm normality of the error term distribution. Linearity 

was tested with plots of partial regressions. In addition, we evaluated homoscedasticity by plotting 

standardized residuals against predicted value and examining visually. These tests confirmed the three 

assumptions for linear regression analysis. 

4.5. Econometric procedures 

One should consider endogeneity in regression models when using variables from large-scale survey 

research. This is specifically the case when the innovation activities, like those related to the innovation 

policy criteria, are considered as predictors (Chudnovsky et al., 2006; Crespi and Zuniga, 2012; Frank 

et al., 2016b; Hashi and Stojcic, 2013). Endogeneity implies that unobserved characteristics can 
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produce high correlations between the predictor variables and the disturbance term, as for instance 

the influence of contextual characteristics that can make a municipality more prone to dedicate efforts 

for RES development (Chudnovsky et al., 2006; Frank et al., 2016b; Tavassoli, 2015). These high 

correlations can result in inconsistent and biased estimates when using ordinary least squares (OLS) 

regression (Shaver, 1998).  

To address this problem we based our model on the Crepon et al. (1998) model for an innovation input-

output relationship (also known as CDM model). This model is commonly used to deal with 

endogeneity in the large-scale innovation survey literature (e.g. Chudnovsky et al., 2006; Hashi and 

Stojcic, 2013). The model comprises a sequence of relations that we adapted as an analogy to our 

context of innovation for sustainability: (i) the municipality’s infrastructure (CONTEXT), representing 

environmental characteristics that turn municipalities more prone to invest in renewable energies; (ii) 

sustainability innovation policy criteria (INPUTS), which considers the main criteria that influence the 

decision makers to promote renewable energy projects (as an innovation input at the municipality 

level); (iii) as result, the development of the renewable energy system (OUTPUT), which is considered 

an innovation output at the municipality level; and (iv) the enhancement of the community energy 

performance resulting from a high development of the renewable energy system. As in Frank et al. 

(2016b) we focused on the innovation input-output relationship and did not consider the municipal 

energy performance. The reason for this decision was that this last metric depends also on other 

structural conditions which are not considered in our model (e.g. internal GDP of the municipality, 

types of industry activities, etc.). As proposed by other studies that use the CDM model, innovation 

input variables can be instrumented by means of the characteristics that make companies (in our case 

municipalities) more prone to invest in innovation activities (Chudnovsky et al., 2006; Cortimiglia et al., 

2016; Hashi and Stojcic, 2013). We call these characteristics municipality infrastructure. 

We used a two-step least squares (2SLS) regression procedure to improve our estimation while 

correcting for the potential biases due to endogeneity and selection bias (Chudnovsky et al., 2006; 

Goedhuysa and Veugelers, 2012; Wooldridge, 2010). In the first step, we regressed the potentially 

endogenous innovation policy criteria [LOCATION, COOPERATION and KNOW] on instrumental 

variables [INFRASTRUCTURE] that may explain the likelihood to invest in renewable energy innovation 

activities. In the second stage, we regressed the output variable [DEVELOPMENT] on the sustainability 

innovation policy criteria inputs [LOCATION, COOPERATION and KNOW], using the predicted values 

obtained in the first stage for those variables that are endogenous. In both stages we incorporated 

independent contextual control variables, as explained previously. 

For the instrumental variables of the first stage of our model we used the following variables: (i) Public 

support for renewable energy [IV_SUPPORT], which considers the level of public acceptance and 

support of both politics and society (Bürer and Wüstenhagen, 2009; Mallett, 2007; Wüstenhagen et 

al., 2007); (ii) Proximity to suppliers [IV_SUPPLIERS], considering whether the suppliers of renewable 

energy technologies are near the community (De Marchi, 2012); (iii) Wage level [IV_WAGE], 

considering the level of the average wage in the municipality that provides a positive basic condition 

to invest in environmental technologies as well as to create conditions for more energy consumption 

(Prognos, 2010); (iv) Labor availability [IV_LABOR], which measures the labor market activity of the 

municipality and can affect the municipal locational factor criteria (Prognos, 2010); (v) Access to R&D 

infrastructure [IV_R&DINF] at the community level to develop renewable energy technologies, and (vi) 

Access to public funds for sustainable projects (IV_FUNDS) (Jacobsson and Lauber, 2006). 
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4.6. Econometric research model 

The final econometric model of our study is represented in Figure 1. The municipality’s infrastructure 

conditions (contextual characteristics), considered as instrumental variables, are supposed to 

influence the engagement regarding three innovation policy criteria: Municipal locational factors 

[LOCATION], Cooperation activities [COOPERATION] and local knowledge about RES [KNOW]. Using 

these conditions of innovation policies structure, we hypothesize that the three criteria LOCATION, 

COOPERATION and KNOW are positively related to the level of RES development [DEVELOPMENT]. 

These assumptions are represented by the hypotheses H1, H2 and H3 respectively. 

 

 

Figure 1 – Econometric model for the proposed hypotheses 

 

5. Results 

Our results of the 2SLS regression model are summarized in Table 4. In the first step of the model we 

regressed the potentially endogenous variables (LOCATION, COOPERATION, and KNOW) on 

instrumental variables (IV_SUPPORT, IV_SUPPLIERS, IV_WAGE, IV_LABOR, IV_R&DINF and IV_FUNDS). 

In the second stage we tested the explanatory variables (LOCATION, COOPERATION, and KNOW) on 

the dependent variable (DEVELOPMENT). Our 2SLS regression model assumes that the inclusion of 

instrumental variables is more efficient than a simple OLS regression model. Therefore we must test 

this assumption by means of three types of post estimation procedures that we performed using Stata 

13.0 (e.g. Handley and Gray, 2013). The first test consists in verifying if the explanatory variables are 

indeed endogenous and need to be instrumented (Stata’s estat endogenous procedure). For our data, 

Stata’s Durbin and Wu-Hausman statistics showed that we can reject the null hypothesis, that the 

three explanatory variables are exogenous (Durbin = 467.75, p<0.001; Wu-Hausman=430.631, 

p<0.001). This finding indicates an endogeneity problem and that the use of instrumental variables will 

lead to better estimators than ordinary least square regression. The second test considers the strength 

of the instruments that we used for the regression model. We can evaluate this strength with the 

estimators of the first stage of the regression and with the Stata’s first stage procedure (Handley and 

Gray, 2013).  

According to our results, the three explanatory variables showed useful instrumentation by means of 

the proposed instruments (i.e. the p-values for all them were less than 0.001). The last test evaluates 

the validity of the instrumental variables. We verified this validity by means of the Sargan’s and 
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Basmans’s tests (Stata’s stat overid procedure). This procedure tests the null hypothesis that the 

instrumental variables are uncorrelated with the residuals, being exogenous and, consequently, 

appropriate for the regression model. In this sense, we obtained a Sargan χ2(3)= 5.37, p=0.1466 and 

Basmann χ2(3)= 5.328, p=0.1492. Our finding means that we cannot reject the null hypothesis and that 

we can consider the instruments as valid. Additionally, we performed the Stata´s multicollinearity VIF 

test specifically for 2SLS regression (ivvif procedure) and obtained a mean VIF = 6.22, showing that 

multicollinearity is not a concern in our instrumental variable regression model (Wooldridge, 2010). 

 

Table 4 – 2SLS results: The effect of sustainability innovation policy criteria on RES development 

 First-stage  Second-stage 

Variables LOCATION COOPERATION KNOW  DEVELOPMENT 

LOCATION     -1.317 
COOPERATION      2.901*** 
KNOW      1.612** 
      
Dummy_size_small (control) -0.0067  0.023 -0.187   0.378 
Dummy_size_medium (control) -0.0813  0.105 -0.251   0.142 
OwnProjects (control)  0.268***  0.292***  0.494***  -1.277*** 
OwnPromotion (control)  0.398***  0.36***  0.361***  -0.932** 
      
IV_SUPPORT  0.031  0.134  0.038*   
IV_SUPPLIERS  0.101***  0.032  0.039   
IV_WAGE -0.042 -0.003  0.045   
IV_LABOR  0.041  0.035  0.047   
IV_R&DINF -0.016  0.007  0.035***   
IV_FUNDS  0.255**  0.067  0.123***   
      
F  8.88*** 11.91*** 22.09***   
Wald χ2       103.75*** 
a n = 727. Coefficients reported are marginal effects; *p<0.1; **p < 0.05; ***p < 0.01; 

 

Regarding the second stage of the 2SLS regression model, the results in Table 4 show that from our 

three hypotheses for the innovation policy criteria (LOCATION, COOPERATION and KNOW) two were 

supported. For these two criteria, we found significant effects on the development of renewable 

energy systems [DEVELOPMENT], while one of the hypotheses was not supported.  

Summarizing our findings, firstly, the second-stage model (Table 4) suggests that municipalities achieve 

a higher level of RES development [DEVELOPMENT] when they are more concerned with building a 

cooperative environment among stakeholders [COOPERATION] to provide a better social climate for 

sustainability. The argument for this finding is that cooperation activities [COOPERATION] presented 

the stronger impact (B= 2.901, p < 0.01) on the Development of the Renewable Energy System 

[DEVELOPMENT] in our model, supporting our hypothesis H2. The creation of such a cooperative 

environment is possible by means of the development of public-private cooperation, the reduction of 

political resistance of organized interest groups (society cooperation), and the enhancement of the 

acceptance of industrial activities by the local citizens’ community and residents. The last measure 

particularly aims at the creation of bridges between society and industry, the fostering of RES support 
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from regional promoters like environmental organizations, and efforts for increasing the public 

visibility of the municipality (positive image of the municipality due to eco-innovation visibility).  

Existing local knowledge about RES [KNOW] showed the second positive impact in our second-stage 

model (Table 4) (B= 1.612, p < 0.05). This finding means a second positive effect on this dependent 

variable [DEVELOPMENT], supporting our hypothesis H3. This result implies that those municipalities 

that care more about characteristics like having a long-term capacity in the municipal budget for 

renewable energy projects, having in-house3 R&D activities for such projects as well as relevant R&D 

at universities and research institutes in the region, and having intense regional knowledge 

development in the agriculture and forestry sector are more likely to demonstrate higher development 

of their renewable energy system. Moreover, those municipalities are also more concerned with the 

creation of a knowledge base which is grounded in prior experience with renewable energy projects. 

In other words, on the one hand the best performers have a concern about creating a strong 

institutional innovation environment and on the other hand they are also concerned about building a 

regional knowledge pool for such sustainability activities. 

Table 4 shows further that municipal locational factors [LOCATION] did not present significant effects 

on the development of the renewable energy system [DEVELOPMENT]. Therefore, our findings did not 

support hypothesis H1. This result can simply mean that our data sample was not accurate enough to 

support this hypothesis. An alternative explanation is in fact, that municipal actors, who are 

dominantly concerned with economical aspects of their region like providing long-term security of 

existing jobs, fostering the potential of new residents, creating incentives to attract potential new 

investors, or creation of new jobs, among others, do not obtain a desirable effect on RES development. 

Finally, both control variables OwnProjects and OwnPromotion showed negative and significant effects 

on DEVELOPMENT (B= -1.277, p<0.01 and B= -0,932 p<0.05 respectively). This finding is also an 

insightful result. It implies that those municipalities that have a policy with focus on own development 

of renewable energy projects and own promotion of renewable energy adoption, instead of focusing 

their policy as innovation enabler for RES development, have shown worst results for the performance 

variable RES development. 

6. Discussion 

The results of our study partly reinforce the findings of prior work (Cooke, 2013; Rösler et al., 2013; 

Schönberger, 2013; Watanabe, 1999). When pursuing a transition towards a RES, policymakers play an 

essential role by routing R&D efforts and creating an adequate environment that motivates 

investments and interaction between public and private sectors (Foxon et al., 2005; Jacobsson and 

Bergek, 2004; Späth and Rohracher, 2012). Regarding this aspect of public-private interaction, the 

factor Cooperation activities [COOPERATION] showed in our study a significant and positive effect on 

the development of renewable energy systems [DEVELOPMENT] (Hypothesis H2). Additionally, the 

factor KNOWLEDGE, related to the presence of universities and research centers in the region, showed 

also a significant positive association with DEVELOPMENT. Therefore this result suggests that the 

creation of a triple-helix cooperation structure with focus on collaborative innovation activities 

                                                           
3 “Inhouse R&D activities” does not mean that the municipal administrations themselves carry out inhouse R&D. 
Rather, the term “inhouse” refers here to R&D activities of municipalities’ utility companies. Furthermore, even 
though German municipal utility companies have a strong financial and technological position compared to other 
countries, municipal utilities are also important actors in local RES development strategies in other countries 
such as the US (e.g. Krause, 2010; Richter, 2013). 
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supports an appropriate innovation ecosystem (Etzkowitz and Leydesdorff, 2000). This institutional 

support is also important in the field of RES development. 

Furthermore, our results demonstrate quantitatively that it is crucial for municipalities to focus first 

on strengthen local knowledge about RES [KNOW] to improve their performance in RES development 

(Hypothesis H3). Prior qualitative research already suggested this argument (Cooke, 2013; Jacobsson 

and Bergek, 2004; Smit et al., 2007; Späth and Rohracher, 2012). Municipalities can generate this 

specific knowledge by developing policy instruments with focus on renewable energy R&D (Hildén, 

2011; Paraskevopoulou, 2012), R&D subsidies (Cantner et al., 2016; Noailly and Smeets, 2015), 

scientific education in public research institutes and universities (Mowery et al., 2010; 

Paraskevopoulou, 2012) or municipally-owned companies for the development of renewable energy 

projects (Gustafsson et al., 2015; Howells, 2005). 

Newer literature stresses that such specific policy instruments should form an adequate ‘policy mix’ 

for different public actors in the renewable energy sector (Rogge and Reichardt, 2016). Moreover, our 

results demonstrate that municipalities not only have to concentrate their effort on the development 

of new knowledge, but also on the efficient exploitation of the knowledge from previous projects. This 

double effort is necessary for building long-term knowledge-base for renewable energy projects and 

generation (Kamp et al., 2004; Verbong and Geels, 2007; Smit et al., 2007). 

In contrast to suggestions from prior studies (e.g. Bürer and Wüstenhagen, 2009; Kutschke et al., 2016; 

Reuter et al., 2012; Rösler et al., 2013), municipal locational factors [LOCATION] did not show 

significant effects on the performance metric [DEVELOPMENT] in our study. Even when we cannot 

really conclude from a non-significant effect, this can mean that municipal actors, who are more 

concerned with economical aspects of their city and region such as creating incentives to attract 

potential new investors, do not effectively contribute to the RES development. We do not say that 

municipal locational factors may not be relevant for the municipality and region. Municipal locational 

factors could be the necessary starting framework for an RES implementation, but this factor may have 

no direct effect on long-term RES development as the other two innovation policy criteria in our study. 

Hence, an interesting future analysis could consider LOCATION as a boundary condition for the other 

two significant factors of our study, using for the investigation of locational factors a moderating effect 

analysis (Goldsby et al., 2013).  

This could be an interesting approach, especially because it allows comparing the necessary conditions 

between developed and emerging economies that aim to implement RES. Locational factors 

[LOCATION] may, particularly, affect emerging markets, much more than developed economies as 

boundary conditions for RES development, since there is a close relationship between economic and 

technological RES development (Kemeny, 2011). Locational conditions are often good or even very 

good in developed economies like Germany, but in emerging countries the private investments in R&D 

are rather low due to a mixture of economic and political macro volatility, low quality of education and 

research institutions, financial constraints, and a weak intellectual propriety enforcement regime 

(Crisóstomo et al., 2011; Frank et al., 2016b; Hall and Maffioli, 2008). For example, Mallett (2016) finds 

that relevant locational factors such as tariff and tax instruments in Latin America can lead to low 

contribution for the development of renewable energies. Due to this limitation, policy makers should 

pursue other innovation capabilities (as we also describe in our findings). Mallett’s (2016) findings are 

limited to two developing cities as case studies, and more evidence from emerging countries is needed. 
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Therefore, locational factors could be considered in a different perspective to enlarge our 

understanding of the needs for RES development in different economical scenarios.  

Finally, the results of two of our control variables – OwnProjects and OwnPromotion – suggest also 

interesting points in terms of enlarging the understanding of RES development. Our findings indicated 

negative effects of these variables on RES performance. This means that those municipalities that have 

specific policies that focus on own development of renewable energy projects [OwnProjects] and on 

own promotion of renewable energy adoption [OwnPromotion], instead of playing a more passive 

role, as innovation enablers for the development of the RES, obtain lower performance in the RES 

development than those municipalities without own efforts. This finding is contrary to Lund (2009) 

report about the German and Danish wind deployment programs, in which the public gains were 

superior to the public expenditures, resulting in a net benefit due to the government initiative. Our 

results consider a broader analysis and are not focused on one specific program, which can be the main 

reason for such a difference. This difference opens an important discussion in the political field: what 

political role should a municipality play for the RES development? Should it choose an active 

development policy or should it play a facilitator role, so that other public and private institutions may 

have better conditions for the RES development? Our findings suggest that the second policy option 

seems to be more effective during the development of RES. However, since such decisions are based 

on the political mindset of policymakers, a more systemic analysis is necessary. Such a systematic and 

deeper policy analysis should also relate municipalities’ initiatives for RES development to the other 

factors, which we considered for our statistical analysis (i.e. LOCATION, KNOW and COOP). 

7. Conclusions 

In this paper we studied the effects of three innovation policy criteria on the local development of 

renewable energy systems based on a survey in 727 German municipalities. Our findings contribute to 

the literature on sustainable and ‘green’ innovation and, particularly, to literature on the worldwide 

transition towards renewable energy. Our results indicate that municipal policymakers should strongly 

focus on exploiting local knowledge with relevance for RES, especially in the context of countries where 

municipalities have their own autonomy to make energy policy decisions, as in the case of Germany. 

Furthermore, municipalities should enhance public-private cooperation activities focused on the 

development of RES. Our findings also showed that municipal locational factors – which are mainly 

related to structural and economic conditions – do not have a direct impact on RES development. As 

we discussed in the paper, this result can indicate municipal locational factors as potential boundary 

conditions, i.e. structural conditions that are necessary before the development of RES, instead of 

being a specific innovation policy criteria. Resuming, our findings showed that the municipalities with 

higher degree of RES development are those that focus their effort on the development of an 

appropriate supportive local innovation network. Such a supportive network would work based on 

strong cooperation between public and private actors and specialized knowledge for developing 

renewable energy projects. We also demonstrated that municipalities are more sucessful when they 

are more concerned with the development of such a supportive local innovation network instead of 

leading their own initiative in the development of renewable projects and promotion activities. Our 

findings suggest that municipalities should therefore be facilitators for RES development and not the 

main players in this field. 
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Although this article contributes to the still scarce literature on local RES, particularly in terms of 

underlying innovation policy criteria, innovation processes and innovation systems, our study has 

some limitations. These limitations can inspire an agenda for future research. 

First, our study used a large-scale, but cross-sectional survey in municipalities all over Germany. Future 

studies could explore possibilities for applying longitudinal data. This is an important aspect that 

scholars could consider in future works because the results obtained from an innovation effort is not 

usually observed immediately after this effort is done. A geographically reduced population, in terms 

of a smaller number of selected regions compared to our Germany-wide population of municipalities, 

could help to perform such longitudinal studies. Second, our data collection addressed only top policy 

makers from municipalities. Future research can also consider information from other public entities, 

society and the private sector, aiming to obtain a broader perspective of the RES development. 

Additionally, existing data is based on these experts’ judgment on their regions, while future studies 

could focus on quantitative secondary data collection to avoid our limitation regarding any subjectivity 

of the respondents’ answers. Third, our study only investigated the Germany context, which is well 

known as one of the leading countries in renewable energy policies. Future works could compare the 

effect of these innovation policy criteria in other different contexts in both developed and emerging 

economies. Since the structural conditions of each country can be different, we expect that the 

challenges for the development of renewable energy systems may also be different. This could be also 

a very important topic for future quantitative research based on large-scale surveys. 

Finally, our results lead to a further important future research agenda. We did not find statistical 

significance for the effect of municipal locational factors on RES development and we discussed that 

this could suggest municipalities’ locational factors being a boundary condition instead of being a 

direct influencing factor. Therefore, future work could study the potential moderation effect of the 

different variables that compose the municipal locational factors in regard to the association we found 

between the other two innovation policy criteria and our dependent variable (RES development). 
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Appendix A – Questionnaire 
Questionnaire items to assess the development of renewable energy system [DEVELOPMENT]: 
Concordance Likert scale: 1- strongly disagree to 7-strongly agree. Construct validity: RMSEA (0.081), 
CFI (0.996), CR (0.996), α (0.92). 

a) In our region there is a high number of renewable energy innovation activities 
b) In our region there is a high adoption of renewable energies 
c) In our region there is a high number of promoters that actively contribute to the development 

of renewable energies 
d) In our region there is a high number of local companies in the field of renewable energy 

Questionnaire items to assess the main sustainability innovation policy criteria 
 

1. Importance of the municipal locational factors [LOCATION]: Importance Likert scale for the 
municipality’s policy mix: 1- not important to 7-extremely important. Construct validity: RMSEA 
(0.058), CFI (0.988), CR (0.984), α (0.759). 

a) Balancing and reduction of CO2 
b) Reducing dependence on external energy suppliers  
c) Incentive potential energy investors  
d) Incentive entrepreneurship activities  
e) Fostering proximity and coordination with national energy operators 

http://dx.doi.org/10.1016/j.enpol.2018.01.036
http://www.sciencedirect.com/science/journal/03014215/34/13


27 
This paper has been published at Energy Policy (Elsevier). DOI: j.enpol.2018.01.036 

 
 

 
2. Importance of the cooperation activities [COOPERATION]: Importance Likert scale for the 
municipality’s policy mix: 1- not important to 7-extremely important. Construct validity: RMSEA 
(0.076), CFI (0.977), CR (0.998), α (0.781). 

a) Developing public-private cooperation 
b) Reduction of resistances of organized interest groups  
c) Increase of the visibility of the community 
d) Acceptance of industrial activities by the local community and residents 
e) Fostering support from possible regional promoter (e.g. environmental organizations) 

 
3. Importance of the local knowledge about RES [KNOW]: Importance Likert scale for the 
municipality’s policy mix: 1- not important to 7-extremely important. Construct validity: RMSEA 
(0.072), CFI (0.988), CR (0.990), α (0.82). 

a) Building long-term knowledge in the municipality for renewable energy projects 
b) Using previous project experience in renewable energy projects 
c) Existence of In-house R&D activities on renewable energy 
d) Existence of relevant universities and research institutes in the region 
e) Existence of regional knowledge for the development of the agriculture and forestry sector 

 
Questionnaire items for instrumental variables: Degree Likert scale: 1- very weak to 7-very strong and 
Dummy (question F). Instrument relevance and validity:  Durbin χ2(3) = 454.44, p<0.001, Wu-Hausman 
F(3.716)= 397.929, p <0.001;  Sargan χ2(3) = 4.587  (p = 0.2047),  Basmann χ2(3) = 4.54628  (p = 0.2082). 
How strong are the following characteristics in your region? 

a) Public support to renewable energy 
b) Proximity to technology suppliers for renewable energy 
c) Wage level of the municipality 
d) Labor availability in the municipality 
e) Access to research and development infrastructure for the municipality 
f) Does your municipality have received recently public funds to invest in renewable energy 

projects? (yes/no)  
 

Questionnaire items for control variables: Dummy variables 

a) Does your municipality develop own renewable energy projects? (yes/no) 
b) Is your municipality promoting projects for renewable energy adoption? (yes/no) 
c) Please, describe the size of your municipality (number of inhabitants): <10.000; 10.000 to 

50.000; > 50.000. 
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