
 Eindhoven University of Technology

MASTER

Don't follow the recipe
the design of policy instruments to stimulate energy innovation within differing institutional
contexts

Broek van den,, S.M.

Award date:
2016

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/5676b2cb-09fe-40a0-9cb9-f8cd90de52aa


 Eindhoven, July 2016 

 

 

 

 

 

 

 

           

 

89 mm 

 

identity number: 0767330 

 

 

in partial fulfilment of the requirements for the degree of 

 

Master of Science 

in Innovation Sciences 

 

 

 

 

Supervisors: 

dr. ir. A.J. (Anna) Wieczorek – TU/e, TIS 

prof. dr. F. (Floor) Alkemade – TU/e, TIS 

dr. mr. H.P.A. (Hamilcar) Knops – AWTI 

 

  

Don’t follow the recipe: The design of 

policy instruments to stimulate energy 

innovation within differing institutional 

contexts 

by S.M. (Stan) van den Broek 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eindhoven University of Technology.  
Department of Industrial Engineering and Innovation Sciences.  
 
Series Master Theses Innovation Sciences. 
 

0EM06:     MSc thesis Innovation Sciences 

 

Keywords: innovation policy, energy policy, energy innovation, institutions, policy instruments, 
innovation systems.  



 

i 

 

Acknowledgements 

 

Writing a dissertation is something no one can teach you. Regardless of the amount of research 
projects you have worked on or the number of essays you have written, the final piece of the 
MSc-puzzle is the one that asks more of your personal skills and motivation than any course or 
assignment ever has. At least, it sure did for me. If I were to compare the process of doing and 
writing up this research to the way I cook, I would argue that my dissertation is the seasoning of 
the meal that is my academic education. I have learned what the main ingredients should be 
throughout all the classes I had, but with the end in sight, I realize I need to add herbs and spices 
to make the result actually tasteful. This seasoning then turns out to be an improvised 
combination of whatever is at my disposal, rather than a structured and weighed distribution of 
resources. As the final product is in your hands or on your screen now, the meal is finished.  

Now, there are a few people I would like to thank for their contributions to my work. I would like 
to start off with Anna, whose efforts have been absolutely invaluable to me. The amount of in-
depth feedback she has supplied me with, as well as the more abstract and thesis-transcending 
conversations we had, made me realise that my decision to choose her as my main supervisor 
may well have been the best one I have made over the past half year. Then I would like to thank 
Hamilcar, who has helped me to explore the wondrous world of Dutch policymaking and trusted 
me in my ability to find my way. I would also like to express my gratitude to Floor, for bringing 
new perspectives to the fore, and providing me with very useful comments. In addition, I am 
very grateful to the interviewees, consultees and expert-referents for their time and effort, 
without which this work would not have been possible. Finally, I would like to thank my family 
and friends for being successful at distracting my mind from this work – which was very 
necessary at times. In this, I would like to highlight two people in particular: my mother, for 
reading through my entire thesis and being very critical of my grammar and style of writing (oh, 
and for putting me on this planet and raising me, which was nice too) and Ashly, for being my 
reason to keep smiling. 

Enjoy the meal.  



 

ii 

 

 

 

  



 

iii 

 

Executive summary 

 
With the publication of its Energierapport, the Dutch government set out to transform the Dutch 
energy system in line with the commitments made at the 2015 COP21 in Paris. Because the 
government considers energy innovation an important element of this transition, it has asked its 
national advisory council on science, technology and innovation (AWTI) to come up with an 
advice on energy innovation policy. This thesis contributes to this advice by analysing the way 
other countries use policy instruments to stimulate energy innovation. This is done by specifying 
the investigation in two subtopics: 1) the impact of the institutional context on the setup of 
policy instruments; and 2) the impact of these policy instruments on energy innovation. 
Together, these topics are covered by analysing two cases: the United States and Germany. The 
results of these analyses are contrasted with each other to extract several main points of 
education for the Dutch government, and at the same time answer the research questions.  
 
Research design & positioning 

Policy instruments are difficult to transfer across contexts. Rather than being recipes for 
bringing about some change, they are products of the systems in which they are embedded and 
thus tailored to the needs of those systems as well. Therefore, when attempting to learn from the 
use of policy instruments in other countries, it is crucial to take into account this embeddedness. 
To do this, this study uses the Technological Innovation Systems (TIS) approach as the 
underlying basis for the development of the analytical framework. Now, the first subtopic 
concerns the setup of policy instruments. The literature review shows that, within the TIS field 
of research, there are calls for a better incorporation of the role of institutions. These can be 
conceptualized as the formal or informal rules that govern an innovation system, thereby being a 
major explanatory factor for the dynamics of this system. In light of the first subtopic, this 
research therefore focuses on institutions to explain the setup of policy instruments that 
stimulate energy innovation. It does this by analysing the regulative setup of the policy system, 
the normative role of the government, and the cognitive priorities in a country – all within the 
domain of energy innovation. These three types of institutions are consequently connected to 
the setup of three policy instruments per country. The second subtopic covers the impact of 
these instruments on energy innovation. This research therefore focuses on the assessment of 
instrument impacts on the seven functions of the TIS framework, which can be conceptualized as 
partial indicators of successful innovative development. 
 
Aside from the practical contributions to the AWTI’s advice, insights from this research 
contribute to the existing scientific literature in two ways. The first involves the empirical 
integration of institutional, policy and technological innovation systems analysis. While the 
combination of two of these three types of research has often been made, this tripartite 
integration is much rarer. By bringing these together in one study, a novel and in-depth 
understanding of the functioning of policy instruments is provided, thereby enhancing the 
potential for policy learning. The second way concerns the use of a cross-case comparison of 
countries and instruments, which is a relatively underdeveloped method in policy-focused TIS 
analysis. Combined with the attention to the institutional context, this comparison provides for a 
richer understanding of the uniqueness of each case and thus also contributes to the extraction 
of policy implications for the Dutch government. 
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Methods 

This research uses a qualitative case study approach to conduct the analyses. To select the cases 
and instruments, a combination of energy innovation policy-related grey and scientific literature 
is used, most notable of which are the International Energy Agency’s Country Reviews. This is 
complemented with the consultation of 4 (inter)national energy innovation policy experts. For 
the actual analyses, the selection of grey literature is extended with more national policy 
documents, instrument-specific websites and publications (e.g. calls for innovation projects), 
and 6 in-depth interviews with representatives from the instruments. Finally, the results are 
validated by cross-checking the three types of data (interviews, grey and scientific literature) 
and the incorporation of feedback from 2 national energy innovation policy experts. 
 
Empirics 

The empirical part of this research focuses on two countries: the United States and Germany. 
These countries are chosen because they are both frontrunners in the domain of energy 
innovation: the US is world leader in terms of energy research and development, while Germany 
has built a strong reputation with regard to its ability to transform its energy system 
(Energiewende). Moreover, academic literature on Varieties of Capitalism (VoC) positions both 
countries at opposite ends of the spectrum in terms of their institutional setups, which is 
especially relevant for the first subtopic mentioned above. In each country, three policy 
instruments are analysed in-depth. In the US, the instruments in focus are the Advanced 
Research Projects Agency – Energy (ARPA-E), the Energy Innovation Hubs and the Energy 
Frontier Research Centers (EFRCs). In Germany, the three instruments are Projektträger Jülich 
(PtJ), the Kopernikus-Projekte and Helmholtz Gemeinschaft. Table I below provides a short 
overview of the cases and instruments. 
 

Table I: Overview of US’ and German cases (copy of table 7 in main text) 

 United States Germany 

Main energy strategy 

characteristics 

All-of-the-above: renewable, nuclear & 
clean coal 

Non-nuclear, energy system-oriented 

Main ministries 

involved 

DoE BMWi, BMBF 

 ARPA-E Hubs EFRCs PtJ Kopernikus Helmholtz 

Main instrument goal Enhance 
commercial 
potential of 

risky 
technologies 

Combine 
basic and 
applied 
energy 

research 

Tackle basic 
energy 

challenges 

Implement 
and 

manage 
public 
project 
funding 

Develop and 
implement 

technologies 
for new 
energy 
system 

Solve grand 
challenges 
of society, 

science and 
industry 

Main instrument 

merit 

Commercial 
products 

Prototypes Scientific 
discoveries 

Strategic 
funding 

allocation 

Implemented 
technologies 

Strategic 
research 
focusing 

 
The first element of the institutional analysis, which addresses the first subtopic, covers the 
question for what purpose the countries stimulate energy innovation. In both countries, 
economic competitiveness, energy security and climate change mitigation are mentioned as the 
ultimate drivers for energy innovation. However in the US, most attention is paid to 
international leadership and job creation, whereas in Germany, the focus is more on the 
transformation of its energy system into a more sustainable one. With respect to the 
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instruments, this is reflected in the mission statements, calls for innovation projects and the type 
of research they are involved with. The second element is about the position of the government 
in stimulating energy innovation. In the US, the government takes on a leading role by setting its 
activities apart from those of the private sector. The US instruments emphasize their ability to 
do what otherwise wouldn’t be done, while being able to flexibly or ‘nimbly’ direct their 
resources. The German government positions itself more as a coordinator, bringing actors 
together to innovate, while paying explicit attention to society. Its instruments indicate a lot of 
involvement with research on societal acceptance of technology. The third and final element of 
the institutional analysis revolves around the public organisational setup of both countries. The 
US government directs most of its funding for energy innovation through the Department of 
Energy (DoE), which has set up its instruments along phases of the ‘innovation chain’, running 
from fundamental research through applied development, demonstration and implementation. 
Therefore, the EFRCs, Hubs and ARPA-E are all meant to address specific ‘barriers’ along this 
chain. In Germany however, the instruments take a much more comprehensive approach, having 
less well defined start- and endpoints in terms of their responsibilities along the ‘chain’. More 
typical for Germany is the multi-ministerial involvement with energy innovation, as both the 
Ministry of Economy and Energy (BMWi) and the Ministry of Education and Research (BMBF) 
feature prominently in the federal government’s energy innovation strategy. All instruments in 
this research are relatively closely tied to one or more of these ministries, allowing the 
government to have quite direct strategic control over their activities. 
 
The assessment of instrument impacts on TIS functions, in line with the second subtopic, is best 
presented visually. Therefore, figure I below provides the results of this analysis for both the US’ 
and German instruments. In general, it can be said that the three instruments per country are 
quite complementary to each other in terms of their impact on the seven functions, especially in 
the US. In Germany, the instruments have a more comprehensive impact overall. 
 

 

 

Figure I: Visualisation of the impact of US and German instruments on TIS functions (copy of figures 4 and 5 

in main text, see table 1 in main text for an explanation of the functions) 
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Implications 

The implications for the Dutch government that can be derived as a result of the analyses are as 
follows. Regardless of their institutional contexts, in both the US and Germany the procurement 
of innovation projects is a common means of funding. Whether the calls for these projects are 
specific or open, and whether the government instrument directly intervenes in the progress of 
these projects or not, the approach should reflect how the projects contribute to an overarching 
energy innovation strategy. Another commonality in both countries is the use of large-scale 
conglomerate projects, in which specific energy challenges are tackled by involving a wide 
variety of actors for a long (5 and 10 years in the US and Germany, respectively) period of time. 
Setting up these types of projects would be a strong sign of government commitment to energy 
innovation, whilst contributing to the legitimacy of the technologies that are being developed in 
these projects through the broad actor involvement. Finally, both the US and Germany make 
extensive use of their public research centres to work on energy challenges. Strategically 
aligning the research activities of these centres with the overarching energy innovation strategy 
or ‘vision’ mentioned before could further enhance energy innovation in the Netherlands. 
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1. Introduction 

 

In line with the 2015 climate agreement in Paris and the EU leaders’ commitment to cutting EU-
wide greenhouse gas emissions with 80-95% below 1990 levels by 2050, the Dutch government 
has asked its main advisory council on the environment (RLI) for advice on possible policies that 
would help achieve the reductions within the allocated timeframe (Ministry of Economic Affairs, 
2016). Recognising the impact of the energy sector on these emissions (European Commission, 
2016), as well as the potential of innovation in addressing such grand societal challenges as 
climate change (Elzen et al., 2004), the Ministry of Economic Affairs  decided to pay particular 
attention to stimulating innovations in the energy domain (Ministry of Economic Affairs, 2016). 
To this end, it commissioned its national advisory council on science, technology and innovation 
(AWTI) to identify the main technological themes the Dutch government should focus on and to 
advise on useful policy instruments to stimulate their development. The main task of this thesis 
is to assist AWTI with its assignment by analysing the use of these policy instruments in other 
countries.  

Across the globe, a great variety of possible instruments is deployed to stimulate energy 
innovation (IRENA, 2013; Winskel et al., 2014). However, which instruments are chosen and 
what their impacts are, depends to a large extent on the ‘system’ in which they are embedded 
(Kemp & Pontoglio, 2011; Knops, 2008). Academic literature on innovation defines such systems 
as innovation systems (Edquist, 1997). The main argument is that a better understanding of how 
they are built and how the systems function leads to a much better policy advice (Wieczorek & 
Hekkert, 2012). More recent research in the field (see e.g. Kern, 2015; Wieczorek et al., 2015) 
emphasises the critical role of one particular element of innovation systems, namely institutions 
(e.g. regulations, ways of conduct, expectations, norms), in influencing the success and failure of 
specific instruments. 

These insights suggest that policy instruments are context-dependent and unique, and thus 
cannot be easily ‘transferred’ from one environment to another (Polski & Ostrom, 1999). 
Instead, they need be matched with the characteristics of their contexts to be truly effective 
(Borras & Edquist, 2013). Therefore, a cross-context comparison that aims to capture not only 
the instruments themselves, but also the characteristics of the innovation systems in which they 
are embedded – and in particular the institutional part thereof – could provide for very useful 
policy-learning, especially in the energy field (e.g. Bergek & Berggren, 2014; Lindman & 
Söderholm, 2015). Although earlier research has linked policy instruments and mixes to the 
performance of innovation systems (e.g. Kivimaa & Virkamaki, 2013; Reichardt et al., 2016), and 
institutional analysis has been applied to innovation systems before (e.g. Hollingsworth, 2000; 
Rohracher et al., 2008), much less is known about the way institutions affect the impact 
instruments have on the performance of innovation systems. To address this gap, this thesis will 
investigate the following research question:  
 

How do institutions affect the impact of policy instruments on energy innovation? 
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This question will be addressed by investigating two sub questions: 
 
SQ1: How do institutions affect the design of policy instruments? 
SQ2: How do policy instruments stimulate energy innovation?
 
The literature review (chapter 2) will collect insights from the academic literature relevant to 
these questions and use them to identify research gaps and further specify how this research 
will contribute to existing scientific knowledge. Chapter 3 will consequently integrate the 
insights from the literature review into a coherent framework to help answer the research 
questions. Next, the fourth chapter will explain what methodological steps the analysis will take 
in applying the framework. Chapter 5 starts off by introducing the cases and consequently 
presents the results of the analyses in line with the framework. The sixth chapter then follows 
up with a reflection on the results through which the research questions are answered and 
policy implications are derived for the Dutch government. Lastly, chapter 7 addresses the 
limitations of this study and outlines possible avenues for further research. 
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2. Literature review 

 
In essence, the research question posited in the introduction is based on four distinct concepts: 
innovation, institutions, policy instruments and energy.  The purpose of this literature review is 
to present relevant theories and insights in relation to each of these concepts, while connecting 
them to each other wherever possible in order to build the basis for the analytical framework. 
The first section (2.1) will deal with the concept of innovation and will outline the tenets of 
theories that are particularly relevant to this research. Section 2.2 will then develop a workable 
understanding of the notion of institutions and relate it to theories of innovation. Consequently, 
the third section (2.3) will revolve around policy instruments and the role they play in relation 
to innovation. Finally, the last section will integrate the three foregoing concepts by connecting 
them to the energy domain and specifying how this research contributes to scientific literature. 

2.1 The concept of innovation 

 

The first relevant concept this literature review will examine is innovation. The purpose of this 
section is to indicate what this notion encompasses in both academics’ and policymakers’ terms 
and to outline the way innovation is understood in this thesis. 

2.1.1 Defining innovation 

Innovation has been considered a key prerequisite for explaining economic growth (Kuznets, 
1973). For this reason, it has been a primary subject of economic research for decades. However, 
the conception of what innovation actually constitutes has differed not only throughout time but 
also throughout fields of research. A prominent work on the definition of innovation comes from 
early 20th-century economist Joseph Schumpeter, who described innovation as “the carrying out 

of new combinations” (Schumpeter, 1934, p. 66). This could include the introduction of new 
goods, new production methods, new markets, new supply sources of intermediate goods, and 
new organisations. Also, he explicitly distinguished between invention and innovation; the 
former being a product of science and technology, while the latter necessarily includes 
commercial introduction and public uptake and thus involve economic and societal elements as 
well. Therefore, what is technologically possible also has to be economically feasible and socially 
acceptable in order to be an innovation (Perez, 2009). 

Schumpeter’s ideas – although at the time quite unorthodox – still have a big impact on current 
conceptions of innovation. This is clearly visible in the OECD definition of innovation: “an 

innovation is the implementation of a new or significantly improved product (good or service), or 

process, a new marketing method, or a new organisational method in business practices, workplace 

organisation or external relations” (OECD, 2005, p.46). Once again, the implementation-aspect is 
crucial here as it implies that innovation is more than only the introduction of something novel – 
the roll-out is just as important as well. Everett Rogers’ classic work on the diffusion of 
innovations elaborates on this even further (1962), adding among other things the passage of 
time and the social system as explanatory variables of innovation uptake. 

2.1.2 Broadening the scope: linear and systemic models of the innovation process 

When the diffusion of innovations was starting to gain prominence, the process of innovation 
was often conceptualized in a linear fashion: the source of innovation being basic research, 
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feeding into applied research and consequently developing into manufacturing and sales (Smith, 
2000). Along with the co-evolving neoclassical model of economic development, this line of 
thought gave rise to the focus on market failures as the main rationale for public policy. 
Research was considered critical here, as it produces societal benefit that cannot fully be 
appropriated by the researchers themselves (cf. Jones & Williams, 1998). Hence, government 
spending was mainly supply-side driven (Boekholt, 2010), with classic policies often relying on 
tools like R&D subsidies or tax incentives (Smits & Kuhlman, 2004).  

While the linear model of innovation development sometimes still leaves its traces in the world 
of policymaking, academic research on innovation has evolved significantly. Since the 1980s and 
early 1990s, scholars started to better recognize the broader context or “system” in which 
innovation takes place, which includes socio-economic, organisational and institutional factors 
(Lundvall, 1992). This perspective developed into the Innovation Systems concept, with 
delineations varying from nations and regions to sectors and single technologies (Edquist, 
1997). The earlier frameworks found their way inside the world of policymaking, because of the 
novel insights their analyses could offer into economic and innovative performance (OECD, 
1997). Two common features of the earlier studies were the focus on static structures, as well as 
the general rationale of economic growth being the end goal of innovation (Wieczorek, 2014). 
However, more recent innovation research has been aiming to incorporate a broader 
perspective by focusing on sustainability instead of pure economic growth, under the influence 
of a growing political awareness of global environmental problems (Elzen & Wieczorek, 2005).  

In a general sense, two major strands of research can be identified in this domain of 
sustainability. The first one looks at the radical change of a system encompassing both 
technological and societal factors, named the system innovation (SI) approach. The other strand 
takes a technological innovation as a starting point and looks at the institutional and economic 
system surrounding this innovation (innovation system, IS) (Wieczorek, 2014). The essential 
difference between the two lies in the answer to the question what is being innovated: either the 
system itself (SI) or a technology within the context of a system (IS). In addition, the literature 
on SI often makes use of a multi-level perspective (MLP) that splits the transformation into a 
micro, meso and macro component (Geels, 2002), while the IS field of research is “flat” in the 
sense that it does not explicitly distinguish between hierarchical levels of structuring of 
innovative activities. Because this research will analyse how innovation can be stimulated in the 
context of their innovation systems – and not directly how these systems themselves can be 
changed – the IS approach will be used as the primary theoretical concept.  

Within this IS approach, the variant that employs a delineation based on technological systems 
(TIS) has been very productive, especially in the field of emerging energy technologies 
(Jacobsson & Bergek, 2011; Kern, 2015). The static part of this framework emphasizes that the 
structure of any TIS consists of actors, institutions, infrastructures and interactions (Jacobsson & 
Johnson, 2000; Wieczorek & Hekkert, 2012). The extent to which these elements are present and 
conducive to innovation then determines the innovative performance of the TIS. A more recent 
take on this framework employs a functions approach, which is more interested in the question 
what tasks this TIS does and does not fulfil (Hekkert et al., 2007; Bergek et al., 2008). Bergek et 
al. (2010) argue that the functions approach is a more systematic way of analysing innovation 
systems than ‘conventional’ IS analyses allow for, due to the clear conceptual distinction 
between structural system characteristics and dynamic system functioning. According to 
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Hekkert et al. (2007), the analysis of functions makes comparisons of different innovation 
systems more feasible, while having the potential to come up with clearer policy targets and 
instrument recommendations.  

Both Hekkert et al. (2007) and Bergek et al. (2010) distinguish between seven different 
functions, albeit in a slightly different order and with differing formulations. The first function 
concerns the ability of entrepreneurs to generate and take advantage of business opportunities, 
which involves ways to deal with the uncertainty of the innovation process. The second function 
is about the development of new knowledge, while the third highlights its exchange and 
diffusion. The fourth function emphasises the presence of clear development goals for new 
technologies, which impact the distribution of resources to this development. Function five 
covers the availability of niches and larger markets for the new technology to gain momentum, 
while the sixth is about the mobilisation of financial, human and physical resources for activities 
in the IS. Finally, the last function highlights to what extent commitment to technological 
developments are legitimized. Table 1 provides an overview of these functions, while figure 1 
visualises the combination of the structural and functional approaches in TIS. 

 

Table 1: Description and indicators of TIS functions (adapted from Bergek et al. (2010), Hekkert et al. (2007) and 

Wieczorek et al. (2013))  

 

Function # Function name Function description 

F1 Entrepreneurial 
experimentation  

The role of the entrepreneur is to turn the potential of new knowledge, networks, and 
markets into concrete actions to generate–and take advantage of–new business 
opportunities.  

F2 Knowledge 
development 

Mechanisms of learning are at the heart of any innovation process, where knowledge is a 
fundamental resource. Therefore, knowledge development is a crucial part of innovation 
systems. 

F3 Knowledge 
diffusion 

To learn, relevant knowledge needs to be exchanged between actors in the system.  

F4 Guidance of the 
search 

This system function refers to those processes that lead to a clear development goal for 
the new technology based on technological expectations, articulated user demand and 
societal discourse. This process enables selection, which guides the distribution of 
resources. 

F5 Market 
formation 

This process refers to the creation of markets for the new technology. In early phases of 
developments these can be small niche markets but later a larger market is needed to 
facilitate cost reduction and incentives for entrepreneurs to move in. 

F6 Resource 
mobilisation 

The financial, human and physical resources are necessary basic inputs for all activities in 
the innovation system. Without them other processes are hampered. 

F7 Creation of 
legitimacy 

Innovation is by definition uncertain. A certain level of legitimacy is required for actors to 
commit to the new technology with investment, adoption decisions, etc. 

 

The TIS perspective and the focus on functions in particular has been applied in a wide range of 
domains, of which biogas, offshore wind and cancer drugs are recent examples (Markard et al., 
2016; Reichardt et al., 2016; Kukk et al., 2016). While these define their level of analysis at single 
technologies, focusing on a set of technologies that address more aggregated activities such as 
transport or healthcare is also possible (Carlsson et al., 2002). An example comes from Grübler 
et al. (2012), who employ the seven functions in the context of what they term ‘energy 
technology innovation systems’, aiming to involve multiple energy technologies and supporting 
policies comprehensively. This thesis will follow a similar path in the sense that it focuses on 
energy technologies in general. 
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Figure 1: Structural and functional TIS approaches 

combined 

A final note to make in relation to the 
delineation of the TIS approach, is the fact 
that while empirical delineations of its 
analyses have often been national, recent 
contributions to the field have tried to 
incorporate a more spatially differentiated 
view that cuts across borders (e.g. Coenen et 
al. 2012; Quitzow, 2015). Wieczorek et al. 
(2015) argue that the national perspective is 
too narrow because it does not sufficiently 
acknowledge the effect that international 
interdependencies and relations have on the 
development of TISs. However, as policy is 
still to a large extent designed nationally 
(Howlett, 2011) and this study is devoted to 
the effect of policy instruments on 
innovation from the perspective of national 
governments, the empirical analysis in this 
thesis will have a national focus as well. 
 

The foregoing section clarifies two crucial aspects of innovation. First of all, innovation 
encompasses the entire scope from basic research to deployment. While the importance of R&D 
is not to be neglected, the diffusion of innovations is important to include in the definition of this 
concept. A necessary note to make here, is that while the abovementioned definitions of 
innovation by Schumpeter and the OECD include many types of innovation – a.o. new products, 
business practices and marketing methods – this thesis will focus on technological innovations 
only for the sake of delimitation of scope. Secondly, the question of what an analysis of 
innovations should include and emphasise has been answered differently across research 
domains. In that respect, this thesis will make use of the Technological Innovation Systems (TIS) 
approach as a foundation for the analytical framework, as it allows zooming in on technological 
domains while having a systematic overview of the elements that influence innovative 
developments in this field. Moreover, the TIS research field has been very productive in recent 
years and has achieved a well-established position in the academic literature on sustainability 
and energy innovation, which makes it a useful perspective to help answering the research 
question in this thesis. Within this TIS approach the analysis will focus on functions rather than 
structures, because this facilitates the comparison of innovation system performance and actual 
innovative output. A combined structural-functional analysis as proposed by Wieczorek and 
Hekkert (2012) would provide the most complete picture of the TISs, but such an approach does 
not fit within the timeframe of this research. In relation to the research question posited in the 
introduction, this study will therefore focus on institutions as the only contextual influence on 
the design of policy instruments (subquestion 1), and on functions as indicators of the impact 
these instruments have on innovation (subquestion 2). Section 2.1 will elaborate further on the 
decision to delimit the structural part of the TIS analysis to institutions rather than to any of the 
other structural elements. 
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2.2 Conducting an institutional analysis 

 

The purpose of this section is to zoom in on one of the main structural elements of the TIS 
framework introduced in section 2.1: institutions. The first subsection (2.2.1) will shortly clarify 
how institutions are positioned in the context of the TIS framework. Next, the roots of 
institutional analyses will be discussed in subsection 2.2.2 to provide the first handles on the 
definition and delineation of institutions. The subsection that follows (2.2.3) outlines three 
streams of research that focus on institutions in relation to innovation, while the final subsection 
(2.2.4) integrates the main insights of these theories to allow for the extraction of the main 
elements relevant for this research.  
 
2.2.1 The importance of institutions in the TIS context 

In literature on innovation systems, innovation is conceptualised as an outcome of interactions 
between the different elements in the system. In this context, institutions can be seen as the 
rules or constraints under which these interactions take place and they are thus directly shaping 
innovative development (Borras & Edquist, 2014). Specifically, this means that institutions guide 
actor strategies by limiting the (perceived) range of possibilities and incentivizing certain 
actions (Rohracher et al., 2009). Recent contributions to the TIS field call for more explicit 
attention to the way these institutions play a role in an innovation system, as a better 
understanding of the institutional embeddedness of the other (structural) TIS elements would 
allow for an improved incorporation of the political dimension as an explanatory factor of 
innovative development (Kern, 2015). Moreover, systematic comparisons of institutional 
structures could greatly help to better explain the differences between the dynamics (functions) 
of TISs (Binz et al., 2014; Coenen et al., 2012; Markard et al., 2015; Wieczorek et al., 2015). 
However, before relating institutions to innovation immediately, it is useful to take a step back 
and retrace some of the roots of institutional research in the next subsection to better grasp the 
complexity of the concept.  
 
2.2.2 Defining institutions 

Institutions have been analysed in a multitude of research disciplines to explain complex system 
dynamics for a few decades (MacLeod, 1997). A very comprehensive perspective on institutions 
comes from the domain of organisational sociology, in which the field of neo-institutionalism has 
been gaining a firm foothold since the late 1970s (Meyer & Rowan, 1977; Scott, 2008). In this 
context, institutions are seen as “rulelike frameworks” or “rational myths” that explain the 
formal structure of organisations, better so than conventional explanations of technological 
determinism or resource dependence do (Scott, 2008). An early distinction between the 
elements that make up these “rulelike frameworks” or institutions comes from DiMaggio and 
Powell (1983), who differentiate between coercive, normative and mimetic ways in which 
organisations’ structures are influenced. Scott (1995) further developed this into a slightly 
different categorization of regulative, normative and cultural-cognitive elements. When 
combining these three, they form the institutions that shape organisational behaviour.  
 
The regulatory element involves formal and written-down regulations, laws and sanctions 
(Scott, 2008). Normative institutions are prescriptions and obligations stemming from social life, 
or in other words indications of what is socially acceptable and what is not (Rohracher et al., 
2008; Scott, 2008). Lastly, cultural-cognitive elements are the most abstract, underlying aspects 
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of institutions (Scott, 2008). They include cognitive frames, visions, expectations and 
perceptions – thereby influencing what is imaginable and what is not (Rohracher et al., 2008). 
While sociologists emphasize that it is the combination and interaction of these elements that 
create institutions and thereby stability and meaning (Scott, 1995), other disciplines tend to 
focus on only one of these elements. The fields of social and cognitive psychology generally 
emphasize cognitive aspects, while institutional economists pay more attention to the regulatory 
element (Geels, 2004; Scott, 2008). 
 
While the economic perspective on institutions might be conceptually narrow in comparison to 
the sociological view, it has made significant contributions to the study of institutions in the 
context of innovation. Nobel laureate and economic historian Douglas North defines institutions 
as the “rules of the game in a society” (1990, p.3), seeing them as constraints to political, 
economic and societal interactions (Hollingsworth, 2000). North (1991) distinguishes between 
formal and informal constraints which could, in light of Scott’s definition, be compared to 
regulative elements on the one hand and normative or cultural-cognitive elements on the other. 
Another interesting point North’s definition brings up is the formulation of institutions as 
constraints, which suggests an institutionally deterministic and outside-in perspective. Instead, 
Nooteboom (2000) argues that institutions also facilitate interactions rather than only constrain 
them and therefore frames them as ‘enabling constraints’. In addition, it is worthwhile to note 
that relatively recent advances in sociology insist on a more endogenous and interactive view on 
institutions – conceptualizing them as structures conceived and developed by the actors they 
regulate (Edelman et al., 1999). In other words, institutions can be seen as constellations of rules 
that shape but also get shaped by the interactions of actors. Building on these two perspectives, 
Geels (2004) argues that short-term analyses lend themselves for a relatively static view on 
institutions in which they take the form of a rigid framework, while long-term analyses require 
the ‘sociological loop’ of institutional change and interactions to be incorporated. 
 
There is one final point that needs to be made when discussing institutions from both a 
sociological and an economic point of view. In everyday language, the term institution is 

sometimes used as a synonym for organisation – such as educational or religious institutions. 
Similarly, organisational sociologists see organisations as structures and processes that 
internalize and co-evolve with rules, norms and cognitions – thereby concluding that there is no 
conceptual difference between the two (Hollingsworth, 2000; Scott, 2008). However, in the 
domains of economics and innovation, some scholars draw a sharp distinction between them 
(Edquist & Johnson, 1997; Rohracher et al., 2008; North, 1990). Edquist and Johnson (1997) 
view organisations as consciously created formal structures, playing a different role in the 
process of innovation than the (sometimes implicitly) guiding institutions do. Framed 
differently, innovation analysts see organisations as self-conscious beings that actively pursue 
certain goals, while institutions are the rules that passively shape the way the organisations 
behave. 
 
2.2.3 Three theories on institutions and innovations 

The aforementioned streams of research leave their traces in innovation-related studies that 
focus on the role of institutions. According to Hollingsworth (2000), the variety in the 
approaches institutional analysts of innovation take leads to a dearth of consensus on what 
these studies should incorporate. A first step to deal with this issue is to make clear distinctions 
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between these approaches. In a review paper, Werle (2011) does this by distinguishing between 
three subdisciplines of the social sciences that have used institutional perspectives to analyse 
technological innovations. While they tend to differ in their ideas about the definition and 
functions of institutions, all types have an interest in the relation between institutions and the 
process of innovation.  
 
The first strand of research involves a theory that was at the forefront of the development of the 
innovation systems concept introduced earlier: national innovation systems (NIS). As explained 
before, early research in this field sought answers to the question why some countries differed 
in their styles of innovation and economic performance (Hollingsworth, 2000). While providing 
explanations from a systems perspective, most, if not all influential authors in the field 
emphasized the central role institutions play in these systems (Edquist, 1997). Looking through 
the lens of evolutionary economics he helped establish, Richard Nelson argued that the 
combination of institutions – in which he includes organisations – is the selection environment 
that determines the fate of the innovations that are produced in these nations (Nelson & 
Rosenberg, 1993). While Nelson’s comparison of 15 countries did not yield generalizable 
conclusions regarding the success or failure of particular institutional setups, it did make clear 
that their complexity and multi-layered structures would obstruct any attempts at institutional 
mimicry across countries (Werle, 2011). In other words, the web of institutions in any nation 
should be approached as a unique constellation with its own strengths and weaknesses.  
 
However, due to the fact that the conceptualization of national innovation systems remained 
vague and inconsistent across publications, the vitality of this approach diminished significantly 
after the turn of the millennium (Werle, 2011). Different approaches to the innovation systems 
concept have been developed since, of which the previously discussed focus on specific 
technologies (TIS) instead of the use of geographical delineations has been a fruitful example. 
Within the TIS domain, institutions are generally divided in a way similar to the dichotomy 
presented by North mentioned in the beginning of this section: hard (e.g. legislation, technical 
norms and strategies) and soft (habits, routines and traditions) (Crawford & Ostrom, 1995; 
Jacobsson & Johnson, 2000; Wieczorek & Hekkert, 2012).  
 
The second strand of research distinguished by Werle (2011) is known as the Varieties of 
Capitalism (VoC) approach. Research in this field does generally not centre on innovation as 
much as the previously described theories, but it does have a different way of studying the 
interaction between innovation and institutions. Following a more politico-economic path, VoC 
is explicitly geared towards cross-country comparisons of institutions that provide an 
explanation for economic development and performance (Hall & Soskice, 2001). It explains 
similarities and differences across cases largely on the basis of institutional complementarities, 
or the extent to which sets of institutions reinforce each other’s effects on economic 
performance (Hall & Gingerich, 2009). This recognition is very relevant for any type of public 
policy – and hence also for this thesis –  as it implies that the effects of any attempt to reform one 
set of institutions could be mediated by another one in the absence of parallel action.  
 
Moreover, this emphasis on interdependency allows for some degree of clustering in the 
universe of institutional constellations, as is visible in Hall and Soskice’s distinction between 
Liberal Market Economies (LME) and Coordinated Market Economies (CME) (2001). While there 
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are many aspects to this distinction, a prominent one is the contrast between the competition-
driven behaviour of actors in LMEs and the more strategically coordinated actions of CME 
actors. An often-used example of a LME is the USA, while Germany is seen as a clear CME (Hall & 
Soskice, 2001). While the aspect of innovation, as said before, is much less prominent than in NIS 
or TIS, the general idea in the VoC literature is that LMEs are better equipped for radical 
innovation, whereas CMEs tend to excel in incremental innovation (Hall & Soskice, 1994). 
However, it should be noted that more recent research significantly nuanced this contention (cf. 
Akkermans et al., 2009). Still, despite its narrow focus on economic performance and relative 
lack of attention to innovation, the comparative case-design and identification of institutional 
complementarities and clusters could prove useful for the selection of cases and analysis of 
policy instruments in this research. 
 
The final field of research that Werle (2011) explores comes down to the techno-sociological 
approaches. While this research stream might have less emphatic institutional roots, relatively 
recent accounts have made it a central concept in their theories, providing a slightly different 
take on institutions than the strands of research mentioned before (Coenen et al., 2012). In a 
paper that is meant to put forward a distinct alternative to the innovation systems approach, 
Frank Geels (2004) specifically examines institutions in light of transitions or systems change. 
Drawing heavily from the field of sociology and on Scott (1995) in particular, Geels employs a 
trichotomy of regulative (or formal), normative and cognitive institutional dimensions, while 
explicitly making the aforementioned distinction between organisations as actors and 
institutions as rules. Especially interesting for this thesis is Geels’ elaborate account on what 
these dimensions mean for innovation, and innovation policy in particular (table 2). In this table, 
many different aspects of policy are mentioned, such as policy goals, regulations and guiding 
principles. Preceding the literature review on policy instruments that follows in section 2.3, this 
table can be seen as a first attempt to link the concepts of institutions and innovation policy in a 
coherent manner.  
 

Table 2: Formal, normative and cognitive institutions related to policy (adapted from Geels, 2004) 

 Formal Normative Cognitive 

Policy-related 

institutions 

Administrative regulations 
and procedures which 
structure the legislative 
process, formal regulations of 
technology (e.g. safety 
standards, emission norms), 
subsidy programs, 
procurement programs. 

Policy goals, interaction 
patterns between industry 
and government (e.g. 
corporatism), institutional 
commitment to existing 
systems, role perceptions of 
government. 

Ideas about the 
effectiveness of  
instruments, guiding 
principles (e.g. 
liberalisation), 
problem-agendas. 

 

 

2.2.4 Levels of institutional analysis 

 
While the three types of research explained in the previous section (NIS/TIS, VoC and MLP) each 
have a different perspective on what institutions are and how they are to be categorized, other 
scholars have attempted to combine some of their characteristics into a single framework. An 
early contribution in this respect comes from Hollingsworth (2000), who structures the main 
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fields of research within the social sciences that cover the impact of institutions on innovation. 
Hollingsworth defines five interrelated levels of institutional analysis, arranged in descending 
order of stability and permanence. These levels include both institutions in the sense of ‘rules of 
the game’, as well as organisations that (re)produce these institutions (see section 2.2.2).  
 
Taking on the perspective of innovation systems, in which organisations and institutions are 
conceptually separated, Rohracher et al. (2008) build upon this framework by discarding the 
levels about organisations and specifying the other ones. Furthermore, they argue that the 
stability Hollingsworth uses should not be the distinctive criterion for separating institutional 
levels. Instead, these authors propose a model with three levels of institutional aggregation: (I) 
regulative, normative and cognitive institutions; (II) mixes of institutional arrangements; and 
(III) institutional sectors. Similar to the argumentation by Scott (1995) outlined earlier, 
Rohracher et al. (2008) see institutions at the first level (I) as the foundational elements that 
make up the higher-order institutions. In this sense, the second level (II) is comprised of 
aggregated level I-elements, resulting in a more meso-level of institutional analysis that has a 
similar focus to that of Hall and Soskice’s research on Varieties of Capitalism (2001). Lastly, the 
third level (III) encompasses combinations of levels I and II. This level allows for a much broader 
perspective on institutions, as it includes the wider macro-level support functions for innovation 
processes such as finance and labour market conditions (Rohracher et al., 2008). This wide view 
is inherent especially in the National Innovation Systems approach, although Hall and Soskice 
also pay attention to these functions. Table 3 below provides an overview of the framework by 
Rohracher et al. (2008), while linking it to some of the works discussed before. 
 

Table 3: Levels of institutional aggregation and their links to other theories (adapted from Rohracher et al., 2008) 

Level of aggregation Examples Link to theories  

(I) Regulative, normative 
and cognitive institutions 

Innovation policy; perception of 
environmental problems; major mobilizing 
myths; rule of law 

Scott (1995); Geels (2004) 
 

(II) Institutional 
arrangements 

Role and power of the state; dominant 
orientation of product sectors; negotiation of 
interest 

Hall & Soskice (2001) 

(III) Institutional sectors Finance (e.g. venture capital availability); 
research and education; labour market; legal 
system 

Nelson & Rosenberg (1993); 
Hall & Soskice (2001) 

 
Central to both frameworks discussed above is the appreciation of the multi-level nature of 
institutions. In other words, the authors conceptualise institutions as entities that exist on 
multiple scales that are nested within each other. Hollingsworth’s model (2000) distinguishes 
these levels on the basis of their degree of stability, while Rohracher et al. (2008) do so on the 
basis of aggregation. Regardless of the amount of levels or their delineation, it is important to 
recognize that institutions are overlapping and embedded within each other (Polski & Ostrom, 
1999; Ostrom, 2010). Because policy instruments are the core theme of this study, they need to 
be seen as entities that play a small, specific part in the overall institutional setup of a country – 
or whatever the analytical delineation may be – and are embedded in higher-order levels of 
polity. Although this may sound quite abstract and vague, the analytical framework will 
operationalise these institutional levels to make them more concrete. 
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This section has provided an in-depth examination of institutions as a fundamental concept for 
this research. The first subsection (2.2.1) highlights how institutions are positioned in the TIS 
framework and why it is crucial to pay explicit attention to them when aiming for a sophisticated 
analysis of innovation. Subsection 2.2.2 outlines how institutions are defined in the fields of 
organisational sociology and economics and how these definitions contrast with each other. The 
third subsection (2.2.3) relates the concept of institutions to innovation by juxtaposing three 
streams of research and extracting their insights that are most relevant for this thesis. Finally, 
subsection 2.2.4 integrates these three streams by distinguishing between levels of institutional 
aggregation and consequently highlights the necessity to view institutions as multi-level entities. 

2.3 Conducting a policy analysis 

 

The third major concept in this thesis that requires theoretical elaboration is that of policy 
instruments. The purpose of this section is first to outline the basics of policy terminology in 
order to clarify what is meant by the term policy instrument (subsection 2.3.1). Consequently, 
these insights will be used in subsection 2.3.2 to discuss policy from the perspective of 
innovation systems by providing a short overview of the academic literature on systemic 
instruments. In doing so, the basis will be formed for an understanding of the concept of policy 
instruments. 

2.3.1 Policy terminology 

Designing policy is a multifaceted and far from straightforward process. Even the notion policy 
itself encompasses many different aspects that have their own fields of research: policy ideas, 
instruments and implementations (Howlett, 2011). Following May (2003), rather than being a 
search for the best policy design, crafting policy should be seen as an activity that aims to unite a 
diverse set of actors in agreeing to strive for the same objectives. In the context of government, 
the term public policy is often used. As that is also the context in which this research takes place, 
the term public is implicit in the use of the concept of policy and not used from here onward. 

A first distinction within this broad concept is that between policy goals and means. Policy goals 
are the fundamental aims and expectations that governments have when deciding on a certain 
course of action, while policy means are the way they intend to reach these goals (Lasswell, 
1958). Howlett and Cashore (2009) consequently place this distinction on three levels of 
abstraction, including high-level governance, program-based operational policies and specific 
on-the-ground settings. This should be seen as a nested hierarchy, in the sense that the lower, 
more concrete policy goals and means are constrained by the higher ones (Howlett, 2011). On 
top of that, each level has its own actors and rules that further define the policy environment. 
When attempting to understand policy outcomes, it is crucial to take this complexity into 
account. 

In light of the goals-means distinction, another important note to make is that some authors see 
the choice of policy instruments (i.e. means) as the key concern in policy studies (Salamon, 1981; 
Linder & Peters, 1990). From this point of view instrument choice equals policy design, because 
it occurs in every phase of the policy process: agenda-setting, policy formulation, decision-
making, implementation and evaluation (Howlett, 2011). In other words, policymakers have 
tools to determine what policy priorities should be (e.g. surveys), tools to assist in decision-
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making (e.g. multi-criteria analyses) and tools to actually implement policy. It is this 
implementation type of tool that will be the focus of this research, because this is the only type 
that directly affects the behaviour of non-government actors and the process of innovation. 

2.3.2 Policies for innovation systems 

As mentioned before, policy instruments are designed to achieve a certain aim or solve a certain 
problem. In line with Howlett and Cashore’s idea of levels of abstraction (2009), Borras and 
Edquist (2013) distinguish between higher-order ultimate policy objectives and lower-order 
direct ones. In relation to innovation, ultimate objectives could include economic growth, 
competitiveness, sustainability, security, or others. The actual stimulation of innovative 
development could then be a direct objective. In this sense, Borras and Edquist (2013) argue 
that the goal of innovation stimulation is most often a specification of a broader, more abstract 
objective. 

Furthermore, they emphasize that these innovation-related objectives should be formulated 
with regard to problems in the innovation system. In other words, the direct goal that is to be 
achieved by the use of a certain instrument should tackle a problem in the structure or workings 
of an innovation system. In the context of the technological innovation systems framework 
discussed in sections 2.1 and 2.2, this could mean determining for each function F1-F7 what 
structural elements (i.e. actors, institutions, interactions or infrastructures) are missing or 
malfunctioning (Wieczorek & Hekkert, 2012). These problems can be identified by examining 
innovation indicators, which could include patent counts, public or private R&D investments, 
numbers of highly-qualified personnel, etc. (Carlsson et al. 2002; RIO, 2016). For example, if the 
number of qualified personnel were too low, the first task when designing policy instruments 
from an innovation system perspective would be to determine why this is the case. One might 
find that the universities of technology have been unable to attract students due to inadequate 
branding. In this case, function F6, resource (i.e. human capital) mobilization, is underdeveloped 
due to poor actor abilities. This would mean that instruments need to be implemented to help 
these universities be more attractive to potential students.  

The abovementioned proposal to focus policy instruments on problems in innovation systems is 
not to be taken lightly. In the world of innovation policymaking, the discourse that surrounds the 
design of policy instruments is still framed in the terminology of simplified linear models of the 
innovation process. In other words, policy instruments are examined in light of their 
contribution to science and technology development, or to demonstration and diffusion of 
technologies. A common question from this point of view is to what extent governmental policy 
and funding is necessary and in what phase of the innovation value chain the private sector 
should be taking over the lead role (see e.g. FS-UNEP, 2015). What is crucial to note about the 
policy recommendations from an innovation systems-point of view is that, instead of having this 
type of market failure argument as a main rationale for innovation policy instruments, system 
failure is put forward as the main reason for their (re)design (Chaminade & Edquist, 2010). 
Thus, innovation policy instruments designed from a systemic perspective do not target any 
particular phase in the innovation chain, but aim at the interaction of different components in the 
system instead. This point of view allows asking questions that appreciate the complexities and 
multi-dimensional problems in an innovation system (Borras & Edquist, 2013).  
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The instruments that are used to alleviate problems in the innovation system are often referred 
to as systemic instruments (Smits & Kuhlmann, 2004; Hekkert et al., 2007; Smits et al., 2010; 
Wieczorek & Hekkert, 2012). While some authors define these as single instruments that 
directly target functions of an innovation system (Smits et al., 2010), others argue that it is in 
fact only the mix of multiple instruments – sometimes termed policy mix – that can be systemic 
and address problems at the system level (Wieczorek & Hekkert, 2012; Borras & Edquist, 2013). 
The difference between both approaches lies in the level of abstraction on which the term policy 
instrument is defined. Analogous to the distinction made by Howlett and Cashore (2009) 
mentioned in part 2.3.1., Howlett (2011) distinguishes between three levels of policy means: 
general implementation preferences, operationalizable policy tools and specific policy tool 
calibrations. The instruments referred to by Borras and Edquist (2013) are of the third kind, as 
they mention public-private partnerships, competitive R&D funding, intellectual property rights 
(IPR) and so on, each with their effects on specific activities or functions in the innovation 
system. However, instruments that are defined at a higher level of aggregation, such as 
programmes or public agencies that provide competitive research funding, support for 
commercialisation and IPR management at the same time, can be conceived as bundles of these 
tool calibrations. Therefore, they potentially have a wider, multi-functional impact on the 
innovation system. For the purpose of this research instruments will be defined at the latter 
level, because this allows for the selection of a smaller number of instruments per case whilst 
still covering comprehensive impacts of instruments on innovation (subquestion 2). Moreover, 
this in turn facilitates a more in-depth analysis of the effect of institutions on individual 
instrument designs (subquestion 1). 

Summarising, this section has clarified that policy instruments can be seen as multi-level 
entities. They are the individual tools or aggregated bundles of tools with which policy is 
implemented to help attain both direct and higher-order goals. In the context of innovation 
systems, policy instruments are seen as means to stimulate the interaction of components in a 
system. The innovative output or performance of this interaction can be measured by assessing 
the fulfillment of the seven TIS functions introduced in section 2.1, and policy instruments can 
therefore be related to these functions. Instruments that are in fact bundles of individual tools, 
such as public agencies or policy programs, have the potential to affect multiple of these 
functions at the same time, and therefore this thesis will define policy instruments at this 
aggregated level as well. 

2.4 Problematisation in the energy domain 

 
The three foregoing sections have provided the basis for developing the analytical framework 
and consequently answering the research question in this thesis. This section will now relate the 
main insights of these sections to the existing scientific literature, especially to those articles that 
pertain to the energy domain. 
 
As stated in the introduction, this research is meant to produce new insights on how policy 
instruments stimulate energy innovation, while relating it to the institutional context in which 
these instruments operate. Section 2.2 demonstrated that institutions have since long received 
attention in multiple strands of innovation-focused research. In relation to the TIS framework, a 
recent example comes from Markard et al. (2016), who employ TIS and institutional theories to 
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study the effect of technology legitimacy on the development of biogas in Germany. In a similar 
vein, Rohracher et al. (2009) use the case of the development of biogas in Austria to introduce a 
framework that connects both the structural and functional approaches of TIS with a multi-level 
conception of institutions. While these studies address institutions from the TIS perspective, 
they pay less attention to the role of policy instruments. Studies that do use TIS to analyse policy 
instruments are of a more recent origin and relatively scarce overall. Borras and Edquist (2013) 
do provide a theoretical discussion on the relation between policy instruments and functions of 
innovation systems, albeit without a technological focus and empirical analysis. Kivimaa and 
Virkamäki (2013) take a more empirical approach by linking the TIS functions with an analysis 
of policy instruments and applying it to the case of passenger transport in Finland. Similarly, 
Reichardt et al. (2016) study the effects of policy mixes on TIS functions and vice versa, applied 
to offshore wind in Germany. However, these last two studies combine TIS with attention to 
policy instruments, without involving the institutional embeddedness of these instruments. 
Overall, it is clear that policy instruments and institutions have been connected separately with 
the TIS functions approach before, but the analysis of the three of them together is much less 
common. This thesis intends to address this gap by integrating both types of research in an 
empirical manner.  
 
Another way this thesis contributes to scientific literature is through the use of a cross-case 
comparison. As section 2.2 showed, cross-country comparisons of innovation systems and 
institutional setups have commonly been carried out under the banners of NIS and VoC 
respectively, but these studies tend to be more national economy-oriented and pay less 
attention to the energy domain or the effects of individual policy instruments. On the other hand, 
the TIS stream of research has been insufficiently concerned with systematic comparisons of 
institutional contexts to explain innovative development (Coenen et al., 2012; Markard et al., 
2015). TIS studies tend to use single-country case studies for their empirical analyses (Kern, 
2015), which provides fewer opportunities for the extraction of policy implications outside of 
the analysed case. An example of a multi-country TIS-analysis comes from Wieczorek et al. 
(2015), who compare the TISs for offshore wind in Germany, the UK, Denmark and the 
Netherlands to clarify how transnational linkages affect the dynamics in each TIS. However, this 
study does not accentuate how the TIS dynamics influence the design of individual policy 
instruments in these countries. A more policy-oriented TIS study that compares countries comes 
from Kivimaa and Kern (2016). These authors investigate policy mixes for sustainability 
transitions in Finland and the UK by linking individual instruments with specific TIS-related 
functions, but they do not assess the impact the instruments have on those functions or pay heed 
to the institutional context. In non-innovation-related research, cross-country comparisons are 
more common. An example of a study that compares institutions and energy policy instruments 
across countries comes from Hughes and Urpelainen (2015). These authors use institutional 
analyses to explain the choice of energy policy instruments in Australia, Germany, Japan and the 
US, but their research is only focused on energy-related climate policy rather than innovation 
policy. Likewise, Laird and Stefes (2009) compare German and US institutional structures to 
elucidate the differences between these countries’ renewable energy policies, without paying 
attention to innovation. Therefore, another novelty of this research lies in its comparative 
multiple-case design, in which the effects of institutions on policy instruments are compared 
from a TIS perspective. This ability to contrast cases allows for a better appreciation of the 
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uniqueness of each case and hence facilitates the extraction of policy implications for the Dutch 
government. 
 
Summed up, there are two major ways in which this research adds to the scientific knowledge 
base. The first and foremost is the empirical integration of institutions, policy instruments and 
innovation systems in one study, which provides a new opportunity for understanding the 
effects the embeddedness of policy instruments can have on innovation. Building on this 
tripartite integration, the second contribution concerns the use of a comparative case design. 
While these designs are relatively uncommon in the TIS field of research, the combination with 
an in-depth institutional analysis and policy instrument assessment is even rarer.  
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3. Analytical framework 

 

The main research question posed in the introduction of this thesis is: How do institutions affect 

the impact of policy instruments on energy innovation? The literature review in the second 
chapter clarified the main concepts in this question, while highlighting aspects of theories from 
various strands of research that can inform the development of an analytical framework that can 
help to address this question. The goal of this chapter is first to integrate the insights from the 
literature review into a coherent framework, so the empirical analysis can be structured in such 
a way that it provides a clear answer to the main research question. The second section will then 
clarify how this framework will be operationalised for the empirical analysis. 

3.1 Elementary description 

 
As described in the introduction of this thesis, the answer to the main research question is 
divided along the lines of two sub questions: 

SQ1: How do institutions affect the design of policy instruments? 
SQ2: How do policy instruments stimulate energy innovation? 

 
The answer to the first sub question is meant to give insight into why policy instruments are set 
up the way they are from an institutional point of view. Therefore, a good point of departure for 
the first part of the analysis can come from the recognition that policy instruments are in fact 
institutions themselves. They are meant to guide actor behaviour by means of formal, written-
down procedures and in that sense they can be seen as regulative institutions. However, this 
analysis aims to understand the setup of instruments on the basis of a characterization of their 
institutional contexts, and therefore the scope of this part of the research does not permit the 
level of detail of individual instruments. Instead, the depth of the institutional analysis will come 
from the use of the trichotomy of institutions – regulative, normative and cognitive – as 
embraced in the sociological approaches and Geels (2004), as opposed to the dichotomy – 
formal and informal – more common in TIS research. Therefore, next to regulative institutions, 
two more types of institutions have been distinguished: normative and cognitive. While 
normative institutions are about expectations and roles in an innovation system, cognitive 
institutions revolve around needs and priorities. As described in table 2, these institutions play 
their part in the design of policy instruments as well and can thus conceptualised as components 
thereof, next to the formal regulative part. 
 
Furthermore, the literature review highlighted the assertion posited in Ostrom (2010) and 
Rohracher et al. (2008) about the need to have a multi-layered view on institutions. This 
perspective will be incorporated by differentiating between three levels of abstraction from the 

policy instruments in its institutional analysis. This means that the investigation of regulative 
institutions will be about the organisation of the policy system itself, of which the instruments 
are a (small) part - as argued above. Normative institutions will be interpreted to be about the 
role and position of government, which is loosely reflected in the policy instruments it uses.  
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Lastly, the analysis of cognitive institutions will be about 
general urgencies and priorities present in a country, for 
which policy instruments play a role only as the 
government’s means to achieve them. Overall, the idea of 
the first analysis – from here onward referred to as the 
institutional analysis – is to use a tripartite perspective 
(cognitions, norms and regulations) to determine the 
impact of institutions on instrument setups, while doing 
so in such a way that increasing levels of abstraction 
from the instruments themselves are covered: the policy 
system, the government and national society. These 
levels of abstraction are visualised in figure 2, in which 
the arrows indicate the relative abstraction of the 
institutions from the individual policy instruments. 

Figure 2: Levels of abstraction from  

policy instruments 

 
The second sub question concerns the impact of policy instruments on energy innovation. In 
relation to the innovation systems-approach, policy instruments can be seen as tools of 
government to enhance the functioning of an innovation system. Therefore, to determine how 
instruments impact innovation, the second part of the analysis will focus on qualitatively 
assessing the impact of instruments on the TIS functions as introduced in section 2.1 and 
summarised in table 1, and will henceforth be referred to as the functional analysis. This will 
allow for an identification of the relative strengths of the instrument in terms of its contribution 
to the seven elements of innovation system performance. It is important to note that the focus in 
this research is on instruments that take a comprehensive approach to stimulating innovation, 
as explained in section 2.3. This means that purely financial or regulative measures will not be 
considered in the analysis, as that these are less well equipped to affect many TIS functions at 
the same time. Instead, instruments through which the government actively influences different 
aspects of the innovation process by for example the setting of goals, procurement of research 
and setup of technology transfer mechanisms will be the type that is analytically focused on.  
 
Both analyses will be combined in the analytical framework as visualised in figure 3, which 
connects the main concepts of this research. The red triangles represent the institutions that 
affect the design of the yellow triangle – policy instruments – in the centre. The counter-
clockwise colour-gradient in the red triangles represents the fact that the lightly coloured 
cognitive institutions will be analysed on a high level of abstraction from the instruments 
themselves, whereas the darker normative and darkest regulative institutions are progressively 
more closely connected with the instruments. In turn, these policy instruments have an effect on 
energy innovation by impacting some or all of the seven functions in the innovation system. 
Because this research is commissioned to study energy innovation in general rather than any 
energy technology in particular, the empirical analysis will not focus on a single energy 
technology. Instead, the TIS concept will in this research be applied to the entire energy domain 
– in that sense akin to the Energy Technology Innovation Systems approach developed by 
Grübler et al. (2012) mentioned in section 2.1 – and delineated at the national level.  
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Figure 3: Visualisation of the analytical framework for both the institutional and the functional analysis 

 

3.2 Operationalisation 

 
This section focuses on the way the framework as shown in figure 3 will be operationalised. An 
important point to make from the start here concerns the fact that this research takes place in 
the setting of the Dutch national government, in the sense that it is commissioned by a 
government agency that is interested to learn from governments and their policies in other 
countries. In light of this, the starting point of the analysis will be the national government as 
well, which means that the operationalisation of the framework is carried out from the 
perspective of national governments.  
 
The first step is the institutional analysis. As described in the foregoing section, the analysis of 
cognitive institutions will be approached from a national society-wide angle in the sense that it 
is about the priorities and goals that potentially affect every part of the nation. In essence, this 
means that it should capture where the urgency to engage in energy innovation comes from and 
how it is meant to contribute to the main strategic goals. This could for example involve 
economic competitiveness, energy security, or the reduction of greenhouse gas-emissions. With 
respect to normative institutions, the analysis will be about the positioning of the government in 
relation to other actors in the energy innovation system. In some countries, the government’s 
role in the energy innovation domain might be that of a kick-starter of pre-market research, 
while in others the government might pay more attention to the realisation of uptake of new 
energy technologies. Finally, the analysis of regulative institutions will be interpreted as an 
abstract examination of the formal organisational setup of the energy innovation policy system. 
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This means that a characterisation will be provided of the formal responsibilities of the main 
ministries, agencies and other (semi-)public organisations that are involved with the stimulation 
of energy innovation in a country. Table 4 provides an overview of the type of evidence that will 
be looked for in the institutional analysis. 
 
Table 4: Evidence to look for in the institutional analysis 

Type of institutions What to look for 

Cognitive Strategies, goal prioritisations 

Normative Framing of government role 

Regulative Formal responsibilities of public organisations 
 
The second step is the operationalisation of the functional analysis, which will be strongly 
inspired by the descriptions in table 1 in section 2.1. While there are many ways an instrument 
can have an impact on a function, it is useful to have a few indicators at hand to have a concrete 
idea of what type of information to look for. The first function concerns entrepreneurial 
experimentation, which instruments could affect by for example facilitating research spin-offs 
and start-ups or stimulating interactions between science and industry. An impact on knowledge 
development (F2) could take the form of publications in scientific journals or the application of 
patents, while knowledge diffusion (F3) might involve the setting up of knowledge exchange 
platforms or the organisation of conferences. Guidance of the search (F4) could relate to the 
formulation of clear development goals and expectations for innovation projects, and an impact 
on market development (F5) might be indicated by product sales and cost reductions related to 
large-scale manufacturing and deployment. The mobilisation of financial, human and physical 
resources (F6) could revolve around the allocation of funding or personnel, while the creation of 
legitimacy (F7) might be related to the (inter)national renown of the instrument or the 
involvement of a wide range of actors in innovation projects. Table 5 summarizes the indicators 
per function. 
 
Table 5: Examples of indicators for the functional analysis 

Function Exemplar indicators 

F1: Entrepreneurial experimentation Spin-offs, demo projects, business interactions 

F2: Knowledge development Journal publications, patents 

F3: Knowledge diffusion Knowledge exchange platforms, organising 
conferences, brochures 

F4: Guidance of the search Clear development goals, formulated expectations 

F5: Market development Product sales, scale-related cost reductions 

F6: Resource mobilisation Funding, personnel allocation, providing equipment  

F7: Legitimacy creation Involving many stakeholders, (inter)national renown 
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4. Methods 

 
As described in the literature review, both institutions and policy instruments are complex, 
multi-layered entities that can be analysed from many different perspectives. This research will 
take a qualitative approach to conduct the analyses, as this allows for a good appreciation of this 
complexity (Ritchie & Lewis, 2003). The methodological strategy used to do the two analyses 
(institutional and functional, see figure 3) will revolve around a comparison of multiple case 
studies. Within the set of strategies used in social sciences, case studies are commonly used in 
policy studies and are the preferred option when “how” or “why” questions such those in this 
thesis are central to the investigation (Yin, 1994). This method is selected for two reasons. First, 
as mentioned before, this research is commissioned by the Dutch Advisory Council for Science, 
Technology and Innovation (AWTI). Because it is meant to directly contribute to a Council 
Advice on energy innovation policy for the Dutch Ministry of Economic Affairs, some of the 
choices concerning the direction of research were inspired by the progress of this advisory 
project. As this research is commissioned to yield in-depth insight into other countries’ policy 
instruments, multiple countries have to be selected and evaluated thoroughly. In case study 
research such as this, it is quite common to have a prominent role reserved for the organisation 
that commissions and sponsors it (U.S. General Accounting Office, 1990). Secondly, in 
comparison to a single-case design, analysing multiple cases adds a sense of robustness to the 
study (Yin, 1994). Moreover, because policy learning is at the heart of this research due to the 
governmental setting in which it takes place, having multiple cases provides additional 
opportunities for this learning. However, as multiple-case study analyses may be very time-
consuming and this study is conducted over a less than six month-period (February until early 
July 2016), this research will limit its number of cases to two while analysing three distinct 
policy instruments per case (Baxter & Jack, 2008). 

The analyses will be divided into three steps, of which the first will be the selection of countries 
and instruments. In order to maximise the potential for policy learning, the countries will need 
to be substantially different in terms of their institutional setups and the instruments they use. 
The criteria for selecting the instruments are firstly that they need to have a comprehensive 
approach to innovation stimulation from the perspective of the analytical framework, meaning 
that they – at least potentially – have an impact on many of the TIS functions at the same time. 
Secondly, the set of three instruments per country needs to reflect a diverse set of activities with 
which the national government stimulates energy innovation, which might mean that not only 
the financial stimulation of scientific research is covered, but the creation of commercial 
networks as well. Finally, the instruments need to be prominent in the policy discourse so that 
information about their functioning is widely available.  

To determine for which countries and instruments this could be the case, this research will start 
off by making use of international publications in the energy domain, namely the International 
Energy Agency’s (IEA) Country Reviews. The main findings from these reviews will be checked 
with other energy innovation-related publications and sources of information, such as 
documents outlining national governments’ energy research strategies and international energy 
policy databases. Furthermore, insights from the academic literature with regard to institutional 
differences between countries will be used as well whenever practicable. The academic articles 
that are used will be found in the Scopus database through the use of the keywords “energy” 
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“innovation” “institutions” and “policy” in relation to the selected countries. In addition, both 
national and international experts in the field of energy innovation policy will be contacted to 
gain a more in-depth understanding of possible cases and corroborate the preliminary findings 
from the investigation of the aforementioned academic and grey literature sources. As this will 
take place in an early stage of the empirical investigation, these consultations will have an 
exploratory rather than a (semi-)structured nature. The organisations and departments of these 
contacts, as well as the overarching themes of discussion are presented in Appendix A. The used 
grey and scientific literature is listed in Appendix C. 

With the countries and instruments selected, the second step concerns the identification of the 
relevant institutions and activities of the selected instruments by analysing a variety of grey 
literature sources, scientific articles and in-depth interviews with representatives from the 
instruments. The grey literature includes the international documents and databases mentioned 
before, complemented with instrument-specific documentations such as governmental 
declarations and bills, official instrument websites, annual reports, conference presentations 
and announcements of calls for innovation. In addition, the same scientific sources as those used 
for the selection of countries and instruments are analysed to complement the findings from the 
grey literature. Finally, instrument representatives will be interviewed to gain more in-depth 
knowledge on the individual instruments and help structure and amend the preliminary findings 
from the other sources. The definition of instrument representative differs per instrument: if it 
has the form of a separate organisation (i.e. an agency) the representative will ideally be a 
director of this organisation, but if the instrument is a policy programme, the representative will 
be Ministry or agency staff member that is (partially) responsible for the instrument.   
Regardless of the type of instrument, the representatives need to have a strategic oversight so 
that they are knowledgeable about both the activities of the instrument itself and its relation to 
the wider (institutional) context. Due to constraints in time and researcher mobility, these 
interviews will be limited to one per instrument and follow a structured approach when 
necessary, which means that the guiding questions will hardly be followed up with ad hoc 
questions. The guiding questions for these interviews can be found in Appendix B, and a listed 
overview of the source material in Appendix C.  

The final step involves the interpretation of the findings from all three types of resources (grey 
literature, academic literature and interviews) on the basis of the analytical framework. Tables 2 
and 3 in section 3.2 provided an overview of the type of evidence that will be looked for. 
Information will be hand-coded per element of the framework: cognitive, normative or 
regulative institutions and one per TIS function. This is an emergent and iterative process, so it 
involves going back and forth between all types of sources to recategorize the data when 
necessary (Creswell, 2009). It is important to note here that the institutional and functional 
analyses will be approached slightly differently from each other. While the way in which the 
institutional elements of the framework are implemented is novel and therefore more fluid and 
open to interpretation, the functions from the TIS-approach have been defined and employed 
elaborately in the academic literature. Therefore, the institutional analysis will follow a more 
open and interpretative approach from the start, while the functional analysis proceeds along a 
more structured and straightforward pathway with a short interpretative conclusion at the end. 
The sixth chapter will then integrate insights from both analyses coherently in an interpretative 
manner. 
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To enhance the qualitative reliability of this research, interview transcripts will be double-
checked for errors and taken back to the interviewees (Creswell, 2009). The latter is also done 
because most interviews will be conducted through long-distance telephone calls, making the 
quality of the connection unstable at times. The qualitative validity of this study is increased by 
triangulating the three types of data sources described above and by involving two external 
expert-referents to verify the results and interpretations per case. Moreover, rich descriptions 
will be used to convey the findings by intertwining direct quotations with short summaries and 
specific interpretations. 

To summarise, table 6 provides an overview of the consecutive steps that will be taken in this 
research, along with the type of source material that will be added in each step. In addition, the 
table lists where the more detailed overviews of these sources can be found in the Appendix.  

Table 6: Additional sources per step in the research process 

Research process steps Type of (additional) sources Overview 

Case selection (Inter)national policy documents & databases Appendix C 
 Academic literature Appendix C 
 Consultations with (inter)national experts Appendix A 
Institutional & functional 
analysis 

Instrument-specific policy documents & 
websites 

Appendix C 

 Interviews with instrument representatives Appendix A, B 
Interpretation Verification by national experts Appendix A 
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5. Results 

 

In order to answer the research questions of this thesis, this chapter will apply the analytical 
framework to two empirical cases: Germany and the United States (US). The first section (5.1) 
will provide a general introduction of these cases, which is followed by the presentation of the 
results of both the institutional (section 5.2) and functional analysis (section 5.3) per case. 

5.1 Case selection 

 
Countries 

 
There can be many reasons for a national government to stimulate energy innovation. 
Sometimes, countries see it as an investment for the sake of the long-term stability of their 
economies. Other countries may put forward the mitigation of greenhouse gas (GHG)-emissions 
as their main driver. But whatever the underlying objectives may be, many countries spend 
significant amounts of their energy budgets on research and innovation. According to the 
International Energy Agency (IEA), the United States government is the world’s largest entity in 
monetary terms when it comes to funding energy research, development and demonstration 
(IEA, 2014). It uses a diverse set of public organisations, many of which have their place in the 
Department of Energy (DoE), to advance fundamental and applied science in the energy domain. 
Following an ‘all-of-the-above strategy’, the US government is committed to the support of 
renewable, nuclear and clean coal energy technologies (The White House, 2014). Aside from the 
consistent set of agencies and instruments, the US government took a big step to lay the 
foundations of the new US energy economy by implementing a comprehensive stimulus package 
in response to the 2008 financial crisis – often termed ARRA, the American Reinvestment and 
Recovery Act. ARRA or “the stimulus” was intended to reignite the US economy, save and create 
new jobs and help address long-neglected challenges for the US to thrive (The White House, 
2016). Following this act, the DoE received approximately $35 billion in direct grants and 
contracts to distribute across its offices, agencies and programs, which contributed to the 
creation of several new policy instruments to stimulate energy innovation (C2ES, 2013).  
 
While the US government emphasises the contributions of energy innovation to the success of 
the national economy, other countries highlight its benefits regarding the reduction of GHG-
emissions in the energy sector more. In this respect, the IEA names Germany as a prime example 
of a country that strongly links its energy research funding with its energy policy goals (IEA, 
2013). In its 2010 Energy Concept, the German government outlined its strategic directions for 
the transformation of the German energy system – commonly referred to as the Energiewende – 

in line with the EU climate protection target to cut GHG-emissions by at least 80% by 2050 
(BMWi, 2010). The Energiewende has proceeded at such a pace that it has led to the term 
becoming an international trademark of its own (Energiewende Direkt, 2015). In the fields of 
solar and wind energy, Germany has been a worldwide frontrunner in terms of its yearly 
installed power capacity for the past decade (IRENA, 2016). After the 2011 nuclear disaster in 
Fukushima, the Energiewende was re-directed from the 2010 Concept to accommodate for a 
quicker nuclear energy phase-out, targeting 2022 to close the last reactor (Zeit Online, 2011). In 
combination with the pace at which the system transformation has been proceeding, this 
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Atomausstieg has focused German energy research strongly in the direction of energy efficiency 
and integration of technologies in the energy supply (BMWi, 2011). 
 
In sum, both the US and Germany hold unique international positions in the domain of energy 
innovation and their differences in terms of motivations and approaches provide for some 
interesting analytical contrasts. In the academic literature known as Varieties of Capitalism (see 
section 2.3.3 for a generic introduction), this contrast has been a focal point of analysis for many 
years. This stream of research has provided elaborate accounts on how and why both countries 
differ in terms of their institutional structure, which is useful to consider in light of the focus of 
this thesis. In this strand of research it is argued that Germany is an archetypical Coordinated 
Market Economy (CME), while the US is often put forward as a classic Liberalized Market 
Economy (LME), based on comparative analyses of institutional structures such as their labour 
and equity markets or inter-firm relations. In relation to innovation, it is argued that CMEs are 
better equipped to produce incremental innovations, while LMEs are geared toward more 
radical change. While in this research the distinction is made between different innovation-
related activities (or functions of innovation systems, see section 2.1.2) rather than the extent to 
which technological innovations have a transformative impact, it does demonstrate that both 
countries have structurally different approaches to stimulating innovation. To sum up, it can be 
argued that both countries are frontrunners in the domain of energy innovation and the 
contrasts between their institutional constellations are stark. Hence, this research will zoom in 
on the US and Germany for its empirical case studies, as it allows for both policy learning and 
understanding the role of institutions therein. With the countries selected, the next subsection 
will highlight the focal instruments in the US and Germany. 
 
Instruments  

 

As a starting point for making a selection of three instruments per country, the IEA’s country 
reviews provide outlines of the generic setups of the German and US policy systems and describe 
the major programmes and agencies involved with energy innovation (IEA, 2013; IEA, 2014). In 
relation to the case of the US, the main website of the DoE also highlights a few policy 
instruments the department uses to stimulate energy innovation, while a report from Harvard’s 
Belfer Center discusses them in more depth (DoE, 2015a; Anadon et al., 2011). A set of three 
instruments recur in all of these sources, because of the fact that they are relatively novel, 
(inter)nationally renowned and meant to be complementary to each other (DoE, 2010b). All of 
them were part of President Obama’s ARRA stimulus package mentioned before. The first one is 
the Energy Frontier Research Center (EFRC) program, which is intended to enable multi-
disciplinary groups of researchers to come together to work on the most difficult scientific 
challenges, thereby building the foundations for the US energy economy of the future. They were 
established on the basis of a series of workshops with the scientific community, organised by the 
DoE’s Office of Basic Energy Sciences (BES), which identified the ‘Grand Challenges’ in 
fundamental energy science that need to be tackled to address the DoE’s missions (Office of 
Science, 2015). Second, the Energy Innovation Hubs (referred to as ‘Hubs’ from here onward) 
are comprehensive research consortia that integrate basic and applied research to develop 
technological solutions that help address critical national energy issues. They are competitively 
awarded by the DoE’s Secretary of Energy, on the basis of criteria that have been formulated in a 
Congress Bill since 2015 (U.S. Congress, 2015). As of early 2016, there are four Hubs in 
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operation: the Consortium for the Advanced Simulation of Light Water Reactors (CASL), the Joint 
Center for Artificial Photosynthesis (JCAP), the Joint Center for Energy Storage Research (JCESR) 
and the Critical Materials Institute (CMI). The final instrument is the Advanced Research 
Projects Agency – Energy (ARPA-E), which is a DoE Office that focuses on translating 
transformational, high-impact energy technologies to the marketplace. Its 2007 establishment 
was based on a recommendation made by the National Acadamy of Sciences in its 2005 ‘Rising 
Above the Gathering Storm’ report, which signalled a “reduced [..] national capacity for high-risk, 

high-payoff work” (NAS, 2005, p.149).  

For the German case, the IEA Country Review, the European Commission’s Energy Research 
Knowledge Centre (EKRC) and the federal government’s 2011 energy research strategy indicate 
that there are two major ways in which the federal government funds energy research and 
innovation: through individual projects and through (semi-)public research organisations (IEA, 
2013; EKRC, 2016; BMWi, 2011).  Financial support for projects in the energy domain is granted 
by multiple ministries, but the largest instrument to manage this type of funding is Projektträger 
Jülich (PtJ). PtJ is in essence a project management agency that has developed a considerable 
knowledge base about the fields in which it operates over the course of its 40 years of existence, 
and also advises the federal government on the design of calls for innovation. It was established 
to implement the federal government’s first energy research program in 1974, functioning as its 
‘extended workbench’ by assessing incoming research proposals and monitoring project 
progress (PtJ, 2016). In the energy domain, most of the funding of (semi-)public research 
organisations is directed through the Helmholtz Gemeinschaft (‘Helmholtz’ from here onward). 
Founded in 1995 to formalise and extend what until then was a loose-knit network of research 
centres, Helmholtz now serves as a major funding vehicle in the federal government’s energy 
strategy (Helmholtz-Association, 2016a). The final instrument represents a new approach of the 
German government, as it was set up in early 2016 and therefore not mentioned in any 
international database or governmental policy document. While it is essentially a set of four 
projects, it is intended to go beyond the scope of PtJ’s regular projects because it addresses 
crucial innovations for the Energiewende by involving academic, industrial and societal partners 
in large-scale and theme-specific innovation projects for a period of ten years – starting in 2016. 
Under the banner of the Kopernikus-Projekte, four consortia are awarded to conduct research 
and develop technologies from their scientific basis up to large-scale implementation. In a 
comprehensive dialogue process called Forschungsforum Energiewende representatives from the 
scientific, industrial and societal communities together identified four themes to work on: ‘new 
grid structures’, ‘renewable energy storage’, ‘restructured industry processes’ and ‘system 
integration’ (BMBF, 2016).  

All in all, it can be said that the selection of instruments is limited and comprehensive at the 
same time. While three instruments per country cannot begin to cover each government’s entire 
approach to stimulate energy innovation, each set of three instruments does consist of a wide 
variety of government activities. Some, such as the Hubs in the US and Kopernikus in Germany, 
focus on the fostering of large-scale public-private partnerships, while others, such as ARPA-E 
(US) and PtJ (Germany), are dealing with the procurement and management of individual 
projects. The other two, the EFRC program in the US and Helmholtz in Germany, are essentially 
(combinations of) fundamental science-oriented research centres. While both governments 
employ a much wider set of instruments, such as the US Loan Guarantee Program or the German 
KfW banks, the three instruments in these cases fulfil unique and important roles in their 
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respective policy systems.  On top of that, they are prominent in their country’s policy discourse 
and cover a wide range of government activities. To summarize the selection of cases and 
instruments, table 7 below provides an overview of their main characteristics. 

Table 7: Overview of US’ and German cases 

 United States Germany 

Main energy strategy 

characteristics 

All-of-the-above: renewable, nuclear & 
clean coal 

Non-nuclear, energy system-oriented 

Main ministries 

involved 

DoE BMWi, BMBF 

 ARPA-E Hubs EFRCs PtJ Kopernikus Helmholtz 

Main instrument goal Enhance 
commercial 
potential of 

risky 
technologies 

Combine 
basic and 
applied 
energy 

research 

Tackle basic 
energy 

challenges 

Implement 
and 

manage 
public 
project 
funding 

Develop and 
implement 

technologies 
for new 
energy 
system 

Solve grand 
challenges 
of society, 

science and 
industry 

Main instrument 

merit 

Commercial 
products 

Prototypes Scientific 
discoveries 

Strategic 
funding 

allocation 

Implemented 
technologies 

Strategic 
research 
focusing 

 

In the following section (5.2), the instruments will be analysed from an institutional point of 
view. Section 5.3 will consequently zoom in on the instruments’ activities and provide an 
assessment of their contributions to the functioning of their energy innovation systems. For both 
analyses, Appendix C provides a list of the used source material per case. 

 

5.2 Institutional analysis 

 

In line with the first part of the analytical framework, the national priorities, government roles 
and public organisational setups in the US and Germany will be discussed and related to the 
setup of the three instruments per country: ARPA-E, the Hubs and the EFRC program in the US, 
and PtJ, Helmholtz and the Kopernikus-Projekte in Germany. 

United States 

Strategic priorities 

In many of the analysed sources, the US strategy for energy innovation is framed in relation to 
international competitiveness and energy security. A clear example of the competitiveness 
driver comes from the 2011 Blueprint for a Secure Energy Future, in which the White House 
outlines its energy strategies. In the chapter on innovation, titled ‘Innovate our Way to a Clean 
Energy Future’, the document states:  

“Leading the world in clean energy is critical to strengthening the American economy and winning 

the future. [..] Innovation has long been a cornerstone of our economic growth and the United 

States has led the world in creating new products and services. But we are in danger of losing our 

historic lead. [..] That is why the Administration has taken historic efforts to reignite American 
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ingenuity and innovation through investments in research and development, especially in the area 

of clean energy” (The White House, 2011, p. 37). 

Similarly, the DoE budget request to Congress for the 2016 fiscal year emphasises economic 
competitiveness and securing “America’s long-term energy security and infrastructure” as 
fundamental aspects of the President’s strategy (DoE, 2015a). Interviewee 1 endorses this by 
relating it to the statutory authorization of ARPA-E, in which economic and energy security as 
well as maintaining a technological lead are named as the two broad priorities for the 
organisation to aspire to. The reduction of energy-related emissions and the improvement of 
energy efficiency are mentioned as part of this first priority, but not as standalone goals. 
Interviewee 2 does mention emission reductions as a second driver for US energy innovation, 
next to energy security. This interviewee relates both drivers to the Energy Innovation Hub he is 
part of – JCESR – and sees storage as a way to make them possible at the same time. A DoE 
website that explains the Hubs’ purpose states that they are “teams [that] orchestrate an 

integrated, multidisciplinary systems approach to overcoming critical technological barriers to 

transformative advances in energy technology.  The Hubs also advance U.S. global leadership1 in 

the emerging green economy and are focused on areas that have exceptional potential to reduce 

our dependence on imported oil and greenhouse gas emissions” (DoE, 2010b). Interviewee 2 also 
connects the competitiveness driver to the Hubs by highlighting the fact that they cooperate 
with private firms to advance scientific research “all the way to proof-of-concept and pre-

commercial prototyping.” The website of the National Energy Technology Laboratory (NETL) 
further emphasises the element of competitiveness by stating that “each Energy Innovation Hub 

is expected to become a world-leading R&D center in its topical area” (NETL, 2016). 

The aspect of ‘overcoming barriers’ is a recurring theme in documents and websites of US policy 
instruments. In case of the EFRC program, the February 2016 funding opportunity 
announcement (FOA) calls for “new multi-investigator, multi-disciplinary EFRCs aimed at 

accelerating scientific breakthroughs in areas that will be likely to have a dramatic impact on 

the cost and efficacy of future technologies [..]”. Similarly, interviewee 1 emphasises that “ARPA-E 

strives to overcome long-term technological barriers that are preventing the translation of 

scientific discoveries and cutting-edge inventions into technological innovations”. In addition, 
many ARPA-E-related documents, among which its 2013 strategic roadmap, stress that the 
organisation is involved with ‘high-risk, high-reward’ research and explores “uncharted 

territories of energy technology and the intersections of those territories in order to create options 

for entirely new paths to accelerate the pace of innovation” (ARPA-E, 2013). The same emphasis 
on doing high-risk, high-reward research is present in the words of interviewee 2 when it 
concerns the JCESR Hub. 

Government positioning  

While competitiveness and leadership are key strategic priorities in the US, the federal 
government itself takes a clear position in achieving these goals as well. In the 2011 White 
House Blueprint mentioned before, it is mentioned that every federal agency should “help move 

the nation towards a clean energy economy by leading by example, practicing what we preach, 

and improving the government’s energy efficiency while expanding our use of clean energy” (The 
White House, 2011, p. 41). This government leadership is a recurring theme in US policy 
                                                           
1
 All emphasis in quotes is added by the author 
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documents and interviews with US instrument representatives, which is often manifested 
through the use of the words ‘doing what otherwise wouldn’t be done’. Every US instrument 
representative makes some kind of reference to this, such as interviewee 3 who mentions that 
the EFRC program is a program that tackles “very challenging scientific problems [by bringing] 

together groups of people with diverse scientific backgrounds. We’re talking about problems that 

weren’t going to be solved otherwise or would have taken a long time to solve with individual 

people working independently.” Interviewee 1 describes ARPA-E as an agency that works to “de-

risk energy ideas that are too early for the private sector to invest in” and one that “bridges the gap 

between basic and applied research and development”. Similarly, concerning the topic of 
government investments, interviewee 2 argues that governments “invest in things that 

companies aren’t really going to invest in. We’re not going drive the innovation as it gets really 

close to market. That’s what the companies do.” He gives an example of a large tool used at 
Argonne National Lab, the lead organisation of the JCESR Hub: “Here at Argonne we have the 

advanced photon source. A company is never going to make that. They’re never going to invest in 

excess-scale, high-performance computing to do very complex modelling.” 

Doing what the private sector will not do, de-risking technology investments and tackling the 
most challenging of problems are all characteristics that can be related to leadership. While 
taking on this leading role, the US government clearly contrasts its position with that of the 
private sector. All of the instruments zoomed in on in this research focus their efforts on 
innovation stimulation before or up to the point that ‘the private sector can take over’. Even the 
DoE’s Office of Energy Efficiency and Renewable Energy (EERE), which is geared more toward 
technology deployment than any of the three US instruments in this analysis, names the 
following as one of its five core questions that guide its investments: Why is this investment a 

necessary, proper, and unique role of government rather than something best left to the private 

sector? (EERE, 2015, p. 8).  

Another way the leadership of the US government is manifested is through the emphasis on 
management that is present in the documents and interviews concerning the US policy 
instruments. Interviewee 3 mentions that they “do a management review of all of the EFRCs in 

their first year with the help of external reviewers, in order to help the centres to find the 

management structure that’s appropriate.” The main DoE website to explain what the Hubs are, 
stresses that these organisations “are modelled after the forceful centralized scientific 

management characteristics of the Manhattan Project” and that their expertise “spans multiple 

scientific and engineering disciplines under the leadership of a dynamic scientist-manager” who 
must be allowed to “execute quick decisions to shape the course of research” (DoE, 2010b). 
Similarly, the FAQ-section of the ARPA-E website makes clear that “ARPA-E has substantial 

involvement in the management and direction of every project” and is even able to “quickly 

terminate or restructure projects if [..] milestones are not achieved” (ARPA-E, 2016a). More 
specifically, interviewee 1 mentions that ARPA-E’s “streamlined awards process and nimble 

management structure enables [them] to act quickly and catalyze cutting-edge areas of energy 

research”, which is the same kind of wording used by interviewee 2 to describe that the Hubs are 
able to “direct [government resources] in a [..] nimble way”. 
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Public organisational setup 

The stimulation of energy innovation in the US is mainly a DoE affair, which is a comprehensive 
entity with a yearly budget of approximately $30 billion (DoE, 2015a). The Department of 
Defence (DoD) is also involved with energy innovation for the sake of national energy security, 
but the DoE remains the leading department (DoE, 2010a). Interviewee 1 describes the role of 
the DoD as a supporter of “basic and applied energy research throughout its “ecosystem” of 

programs in support of its mission to provide the military forces needed to deter war and to protect 

the security of the United States and our allies.” The same interviewee explains that the DoE has 
geared its offices and programs to support “a wide range of technology readiness from 

fundamental exploration to applied development”, with its Office of Science being at the front of 
that range and its offices for renewable, fossil and nuclear energy to support the backend. 
Research by Anadón (2012) has shown that the EFRCs, Hubs and ARPA-E are all designed to 
function at distinct parts of this range as well, while addressing the obstacles for innovation at 
those respective parts. As formulated by interviewee 3, the EFRC program arose from the sense 
that “there was a need in certain cases for certain very challenging scientific problems to bring 

together groups of people with diverse scientific backgrounds.” Then, according to a DoE website, 
the Hubs are meant to “bridge the gap between basic scientific breakthroughs and industrial 

commercialization” (DoE, 2010b), while interviewee 1 indicates that ARPA-E is meant to 
advance “innovative technologies to the point where they can be utilized in commercial products”. 

Another outcome of Anadón’s research (2012) is that the scientific community, among which the 
DoE’s National Laboratories, is very prominent in the US policy system when it comes to 
innovation. The National Labs have been closely involved with the implementation of new 
approaches to stimulate energy innovation. Interviewee 1 also highlights the Labs’ prominence 
by stating that there are “multiple ways that the National Labs are part of the innovation pipeline.” 

With respect to the Hubs themselves, the Labs are prominent by being the lead organisations in 
3 out of 4 Hubs and a lead partner in the fourth. In relation to the EFRCs, interviewee 3 mentions 
that the scientific community has provided important input for the initiation and strategic 
direction of the EFRC program, while the DoE Office of Science website on the EFRCs shows that 
the Labs are the lead organisations in 8 out of the 32 centres and partners in even more (Office 
of Science, 2015a). Another point this interviewee makes in relation to the Labs is that they 
“compete for basically all of their research dollars, and the EFRC program is just one program they 

can compete for. [..] They really have a lot of flexibility.” The emphasis on flexibility in 
government spending bears resemblance to the concept of ‘nimble direction of resources’ 
mentioned before in relation to ARPA-E and the Hubs. In addition, ARPA-E’s 2013 Strategic 
Vision document highlights the three- to four-year terms of its program directors and advisors 
as its way to remain dynamic and “instil a sense of urgency to succeed and regularly provide a 

fresh perspective on technologies and current market conditions” (ARPA-E, 2013, p.2). 

All in all, the US institutional context can be said to have a clear effect on the setup of the three 
instruments. The emphasis on competitiveness and security is prominent in mission statements, 
funding announcements and strategic roadmaps. The US government positions itself as a 
complement and predecessor to the private sector, which is reflected in the instruments’ 
mandate to ‘do what otherwise wouldn’t be done’. On top of that it values dynamism and 
flexibility in its position as a leader, which is manifested in the instruments’ prominent attention 
to management structures. Finally, the DoE is a comprehensive entity that highlights how its 
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instruments are positioned along what it sees as critical phases in the ‘innovation chain’, which 
is clearly visible in the instruments’ focus on gaps and barriers. For instance, the Hubs are meant 
to address the gap between scientific knowledge and technological application, while ARPA-E 
should break through the barrier that prevents technologies from commercialising. Also, the 
prominence of the scientific community is reflected in the proportionally high involvement of 
the National Labs in the EFRCs and Hubs. 

Germany  

Strategic priorities 

All German instrument representatives highlight the mitigation of climate change or the 
reduction of greenhouse gas-emissions as a major driver for energy innovation, and 
interviewees 4 and 6 name it as the primary priority. According to interviewee 6, “the increase of 

CO2 is the main pressing factor from which we deduce some change of action”. Interviewee 5 states 
that “the German people have a comparatively green mindset, so climate change is a politically 

important topic and hence Germany tries to achieve the Energiewende”. Reliability of the energy 
system is another important one however, especially after the decision to phase-out nuclear 
power in 2011. About this Atomausstieg, both interviewees 5 and 6 mention that it eliminates 
base-line coverage for the energy supply. In addition, according to Goodman (2016), the idea of 
pioneering a sustainable and at the same time economically successful energy system is gaining 
prominence in Germany’s energy policy discourse as well. About this, interviewee 5 states: “We 

want to be at the forefront of the restructuring of the energy system, pioneers so to say. We are 

looking to develop solutions here and then export them. In that way we want to keep and create 

jobs and prosperity in Germany.” 

When zooming in on this Energiewende itself, it becomes clear that Germany’s strategy for 
energy innovation has shifted its focus during the past five years. According to the 2011 federal 
energy research program, which is under the lead responsibility of the Ministry for economy and 
energy (BMWi), the objective “was to accelerate the adoption of renewable energy while ensuring 

a reliable, economically viable and environmentally sound energy supply for Germany” (BMWi, 
2011, p. 7). It also states that “the future of state funding of energy research lies in the fields of 

energy efficiency and renewable energy. In 2014, the Federal Government will invest close to 80 

percent of its research budget in these two fields, which are critical to Germany’s future energy 

supply.” (p. 9). This suggests that the increase of the share of renewable energy in the energy 
supply is a primary priority of Germany’s energy innovation policy in itself. However, in the 
preface to the 2016 review of this energy research program, BMWi’s minister Sigmar Gabriel 
stresses that technology-transcending and system-oriented measures are becoming more and 
more predominant (BMWi, 2016, p. 5). In other words, the goal is not just the increase of 
renewable energy, but the transformation of the energy system that comes with it as well. This 
Energiewende has been prominent in German discourse for a few years, but the abovementioned 
appears to indicate a shift in priorities. Interviewee 4 confirms this by arguing that “for a long 

time Energiewende consisted of solar and wind power, but now we know more effort is needed for 

smart grids, grid enhancements, power lines and storage systems.” 

This systems perspective on the Energiewende is also reflected in the German policy 
instruments. Interviewee 4 indicates that PtJ is now funding more innovation projects on grid 
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technologies, storage systems and process efficiency in industries than before, which is 
confirmed by statistics in the BMWi’s report on its funding results of 2015 (BMWi, 2016). 
Similarly, the Helmholtz Energy website highlights its Energy System 2050 initiative, which is 
“aiming at improving the concrete understanding of energy systems and at developing 

technological solutions for use by politics and industry” (Helmholtz-Association, 2016b).  In 
relation to the Energiewende, interviewee 6 positions the people at the energy department of 
Helmholtz as “the ones that have the systems view of how different technologies can work 

together in order to make an energy system work in a sustainable fashion.“ In the annunciation of 
the kick-off of the Kopernikus-Projekte, the Ministry of education and research (BMBF) makes 
clear that the projects were selected on the basis of their potential to transform the German 
energy system (BMBF, 2015a). 

Government positioning 

In Germany, the government takes a facilitating and coordinating role. Interviewee 6 argues that 
the government’s main tasks are to set goals and directions “which affect research but also the 

whole society”, and at the same time to “act with different stakeholders”. He posits that it is in the 
triangle of academia, politics and industry that we have to find a solution that is essential for 

moving forward in the energy sector. Only by working together we can create enough momentum 

in order to make energy innovation work.” According to interviewee 4, the government is 
responsible for providing the funding to bring these actors together. Interviewee 5 emphasises 
that in relation to the development of new technologies for the Energiewende, the government is 
not the one to ‘put them together’ to build the new energy system: “The government provides the 

means of funding that will allow industry, science and society to put it all together. The 

government can’t do that, they’re not the experts, they can just facilitate.” 

As mentioned in the previous quote, the German government and its policy instruments pay a lot 
of attention to the role of society. In that respect, interviewee 4 mentions that PtJ funds “some 

socio-economic science, in the field of participation and acceptance.” At the energy department of 
Helmholtz, ‘Technology, Innovation and Society’ is one of the seven major programmes for the 
2015-2019 period, focusing on the interactions between technologies and “societal factors such 

as political or economic conditions, public acceptance and ethical considerations” (Helmholtz-
Association, 2016c). As described in section 5.1, the roots of the Kopernikus program lie in the 
multi-stakeholder dialogue process called Forschungsforum Energiewende, which explicitly made 
societal actors part of the discussion. With respect to the Kopernikus consortia themselves, 
interviewee 5 even states that “for Kopernikus it’s true that the applicants did not have a chance if 

they didn’t include any partner from society.” This criterion is an interesting one, which he 
justifies as follows:  

“From basic innovation theory we know that you can’t just have a technology that nobody accepts, 

because then nobody will buy it. Particularly the inclusion of NGOs (e.g. WWF) and further social 

organisations (e.g. unions) is a novelty that ensures that the developed technologies are 

compatible with the expectations of the citizens.” 

Public organisational setup 

In the original 2011 federal energy research programme, stimulating energy innovation was a 
multi-ministerial affair. BMWi, as the coordinating organisation, was responsible for funding 
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application-driven projects in the fields of non-nuclear and non-renewable energy research, 
while the chief task of the BMBF was to fund Germany’s research centres and projects related to 
basic energy research. BMU, the Ministry for the environment, was tasked with the funding of 
application-driven projects in the domain of renewable energy (BMWi, 2011). However, after 
the 2014 federal elections, the responsibilities for funding application-oriented energy projects 
was bundled in BMWi, leading to an abandonment of BMU’s position in the programme. 
Interviewee 4 states that this power shift has had two effects on PtJ’s work: “After the last 

election, [..] the heat production transition (Wärmewende) has become a new keyword, so this is 

one thematical change for us. [..] The other thing is that we had two sections at PtJ as well; one 

working for BMWi and one for BMU. Now, we are both working for BMWi.” The Kopernikus-
Projekte still reflect the multi-ministerial involvement however, given the fact that the first three 
years of the project, which centre around basic research, are funded by BMBF, while the BMWi 
will join for the final and more applied stages of the projects as well (BMBF, 2015a). 

Both interviewees 4 and 6 indicate that they have short ties with the government. Interviewee 4 
states that PtJ corresponds with the ministries about the quality of the research proposals, and 
can propose to issue new calls if they have the impression that they receive too few proposals: 
“We do this job now for forty years, so we can also propose ourselves. For example, if there is a new 

trend, let’s say power-to-fuel, we can say: Dear Ministry, we propose to make a call for proposals on 

this specific topic.” Concerning Helmholtz, interviewee 6 mentions that the strategic funding 
guidelines are set during a dialogue with the ministries:  

“We have different stakeholder meetings. The most important one is to talk to the ministries that 

provide our funding. In this dialogue process we talk to the Ministry of research [BMBF] and 

Ministry of economic affairs and energy [BMWi], which are the key points in the transformation 

process of the energy system. We discuss what the contribution of the Helmholtz Association can be 

in this context and from there we deduce some areas that could be developed a bit further.”  

This strategic distribution of Helmholtz’ funding across the individual research centres is done 
on the basis of the objectives in the strategic programmes these centres formulate. In the words 
of Helmholtz’ website, “strategic programmes form the basis for the Helmholtz Association’s 

position in the research landscape” (Helmholtz-Association, 2016d). 

To sum up, the analysis of the institutional context in Germany can be said to revolve around 
three things: systems, society and strategy. The transformation of the energy system is the main 
reason to stimulate energy innovation, which is reflected not only in its allocation of financial 
resources, but also in the themes and comprehensively cooperative setup of the Kopernikus-
Projekte and the positioning of Helmholtz as the organisation that makes technologies work 
together. The government’s role as a facilitator and coordinator is reflected in the emphasis on 
the creation of momentum through broad involvement of actors, which explicitly includes 
representations from society. This attention to the societal dimension is manifested through 
research programmes that work on societal acceptance and, in the case of Kopernikus, in the 
inclusion of societal actors in the theme-selection process and project consortia. Finally, the 
multi-ministerial involvement with energy innovation is reflected in the shared responsibilities 
for the federal government’s main instruments: BMWi is most closely involved with PtJ as it is 
the main Ministry for project funding in the energy domain, while Helmholtz receives most of its 
funding from BMBF and both ministries will be involved together in the Kopernikus programme. 
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Concerning PtJ and Helmholtz, the ties with the ministries are short in the sense that both 
instruments communicate regularly and mutually with them, thereby enhancing the 
government’s ability to strategically steer the allocation of resources. 

5.3 Functional analysis 

 

Following the analytical framework, this analysis focuses on the impact of each instrument on 
the seven functions of TIS. Table 1 in section 2.1 provides a short explanation of each function, 
while table 5 in section 3.2 presents examples of ways through which the instruments might 
have an impact on them. At the end of each case, a qualitative ranking and corresponding visual 
representation is provided. These rankings are based on assessments made by the instrument 
representatives, amended with insights from instrument-specific grey and scientific sources and 
adjusted to better reflect the inter-instrument differences. Appendix A lists the interviewees, 
Appendix B presents the interview guide with which the assessment is introduced to the 
interviewees and Appendix C provides an overview of the instrument-specific literature. 
Appendix D displays the original rankings by the instrument representatives themselves and 
shortly reflects on the adjustments for the final assessment. 
 

United States 

F1: Entrepreneurial experimentation 

The first function concerns the ability to turn knowledge into viable business opportunities. 
With regard to the EFRC program, interviewee 3 states that while the program itself doesn’t 
promote entrepreneurial experimentation, there have been a number of start-ups and business 
interactions resulting in patents coming out of former EFRC research. Also, because the program 
does require having an advisory board in which most EFRCs incorporate industry 
representatives, there is a small contribution with respect to establishing business-connections 
(+/-). The Hubs are also not promoting commercial development, but interviewee 2 does 
indicate that JCESR has “had three indications of possible start-up companies so far. That is still in 

the discussions-phase right now.” The other Hubs have not directly produced any spin-offs yet 
either, but all of them do have industrial partners in their research consortia (+/-). Finally, 
ARPA-E’s mission statement makes clear that it is strongly focused on the commercialisation of 
the technologies in its projects, and according to interviewee 1 does “occasionally fund larger-

scale technology demonstration activities” as well. According to a presentation by Deputy 
Director Cheryl Martin at the 2015 Kern Grant Summit, as of January 2015 ARPA-E had 
contributed to the formation of 24 new companies (Martin, 2015) (++). 

F2: Knowledge development 

The second function, concerning the development of new knowledge, is mentioned by all US 
instrument representatives as the fundamental goal of the instrument, either scientifically or in 
a more applied manner. Interviewee 1 mentions that ARPA-E’s projects have contributed to over 
1,000 journal publications throughout the organisation’s five years of existence (++), while the 
websites of the JCESR and JCAP Hubs make note of 150 and 270 publications respectively 
(JCESR, 2016; JCAP, 2016) (++). The DoE’s Office of Science website on the EFRC program lists 
over 6,500 “publications of research supported in part or in whole under an EFRC” (Office of 
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Science, 2015b) (++). As brought up in the institutional analysis, all US instruments in this 
analysis claim to work ‘at the frontiers’ of new developments and thus, in the words of 
interviewee 2, “anything that [they] create is new information, new knowledge.” 

F3: Knowledge diffusion 

Function three concentrates on the exchange of knowledge, for which all instrument 
representatives mark the publication in journals as an important means. Interviewee 3 
highlights the knowledge exchange that takes place between the EFRCs through monthly phone 
calls with program managers that oversee groups of these centres and the (bi)annual interfaces 
between the principal investigators of research programmes across government offices. In 
addition, the EFRC Community website allow the centres to exchange information and highlight 
articles that are more appealing to a broader audience (+). Interviewee 2 mentions conference 
presentations and talks as a way for the Hubs both to disseminate and collect information from 
and to the wider research community (+). ARPA-E also facilitates the exchange of knowledge and 
information through workshops and the organisation of an Energy Innovation Summit, which is 
an annual event with over 2,000 attendees in which over 250 energy technologies are 
showcased and interaction between business, academia and government takes place (ARPA-E, 
2016b) (++). 

F4: Guidance of the search 

Guiding the development of new technologies is the focus of function four. Each instrument 
representative mentions different ways in which their instruments contribute to this guidance. 
ARPA-E mostly uses very detailed funding opportunity announcements, so that it is able to 
direct the type of technologies that will be developed2 (+). Interviewee 2 argues that the techno-
economic (TE) modelling JCESR does to assess the potential of a particular technology has a 
strong effect on guiding its own research, while the size of the Hub itself has “caught the 

attention of the community” and thus gives them “the opportunity to lead or choose not to lead in 

areas of research” outside of the Hub as well. He gives the example of a lithium-air battery 
technology for which the TE-modelling yielded unsatisfactory results, and the publication of 
those results led a lot of the research community away from this research field as well. While 
this modelling is specific to the JCESR Hub only, the size and multi-organisational setup of the 
Hubs gives them all a large footprint in the research community (++). In relation to the EFRCs, 
interviewee 3 states that while the individual centres do have less of a community impact than 
the Hubs, they do have symposia at national meetings and even won a national award once, 
indicating that they are affecting the field in a way (+). 

F5: Market formation 

None of the instrument representatives highlights the formation of markets, topic of function 
five, as a high-impact area of the instruments they are involved with. Interviewee 3 states that it 
is not in the EFRC mission statement to develop markets, but rather to conduct fundamental 
research (0). Interviewee 2 again refers to JCESR’s potential start-ups as a way it “can contribute 

to developing new markets for energy technologies”, but this is an indirect effect a Hub can have 

                                                           
2
 ARPA-E also uses a continuous and open call named IDEAS, but this is a relatively small program of around 

$10 million per year (ARPA-E, 2015). 
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on the market only (+/-).  ARPA-E has a more direct effect, in the sense that it employs a tech-to-
market program that is meant to “help project teams develop the knowledge and skills they need to 

prepare for and expedite private-sector deployment of their technologies” (ARPA-E, 2016c). 
According to the presentation at the Kern Grant Summit mentioned before, up until January 
2015 ARPA-E projects had resulted in 4 commercially available products (Martin, 2015) (+).  

F6: Resource mobilisation 

The sixth function revolves around the mobilisation of financial, human and physical resources. 
All instruments provide financial assistance for the projects they stimulate, and therefore they 
all have a positive impact on the mobilisation of financial resources for energy innovation 
projects. In the aforementioned presentation by former Deputy Director Cheryl Martin, it is 
highlighted that 22 of ARPA-E’s projects had attracted $625 million in private follow-on funding 
to a $95 million ARPA-E investment as of January 2015 (Martin, 2015) (+). Both interviewees 2 
and 3 stress the ability of their instruments, the Hubs and the EFRCs respectively, to (re-)direct 
their resources more nimbly and strategically than researchers with individual grants can, not 
only in the financial sense but also in relation to human and physical assets. Interviewee 2 
argues that due to the pooling of their lab resources, the Hubs are able to “very inexpensively 

enhance the capabilities of those locations” and leverage underutilized assets there (++). In 
relation to the human aspect, interviewee 3 underlines the fact that some of the EFRCs have 
student and post-doc programs to spend time and do research in their labs (+). 

F7:  Legitimacy creation 

Function seven concerns the creation of legitimacy and building of trust for new technologies. 
For ARPA-E, the building of trust for its projects is mainly done by disseminating good project 
results at conferences such as its own Energy Innovation Summit, which, due to its 
internationally renowned position, attracts a lot of attention (+). Interviewee 2 claims that in 
general, “there is scepticism surrounding scientific results” in non-scientific communities and that 
the Hubs’ multi-disciplinary approach provides the “built-in checks and balances that increase the 

credibility and trust of results that come out of” their projects: “it is an internal peer-review built 

into the process, so your results are going to get challenged internally before they ever make it out 

into the community (++). Interviewee 3 notes that the EFRCs don’t quantitatively keep track of 
the trust and awareness they have, but believe that their way of doing scientific research 
provides the “solid scientific basis” that helps to “establish the trust and legitimacy to push the 

technology forward” (+/-). 

Conclusion 

In order to make the differences in instrument impacts on function visible, table 8 below 
summarises them in a qualitative ranking, of which figure 4 provides a visual representation. 
What is important to note here, is that these rankings are not meant to indicate the overall 
impact of the instruments on innovation. Rather, the table illustrates how their impacts are 
distributed across the seven functions. For instance, because the EFRCs are primarily science 
centres, their impact on the US innovation system is focused on the development of new 
knowledge (F2). ARPA-E on the other hand has a more comprehensive effect on the innovation 
process from a systemic perspective, which is related to its attention to the commercial aspects 
of innovation, because this contributes to F1 and to a lesser extent F5. These aspects are less 
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present in the Hubs, but their strengths are centred on their size and multidisciplinarity, giving 
them an edge in terms of the resources they can mobilise and their prominence in the research 
field (F6 and F7).  

 

Table 8: Impact of US policy instruments on innovation system functions (0 = no impact, +/- = marginal impact, + clear 

impact, ++ major impact) 

Policy 

instrument 

F1: 

Entrepreneurial 

experimentation 

F2: 

Knowledge 

development 

F3: 

Knowledge 

diffusion 

F4: 

Guidance 

of the 

search 

F5: 

Market 

formation 

F6: 

Resource 

mobilisation 

F7: 

Legitimacy 

creation 

ARPA-E ++ ++ ++ + + + + 

Energy 
Innovation 
Hubs 

+/- ++ + ++ +/- ++ ++ 

Energy 
Frontier 
Research 
Centers 

+/- ++ + + 0 + +/- 

 

Figure 4: Visualisation of the impact of US policy instruments on innovation system functions 

 

Germany 

F1: Entrepreneurial experimentation 

Turning knowledge into business opportunities, on which function one is centred, is an activity 
that all three German instruments are to some extent involved with. Although interviewee 4 
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EXIST, which supported 27 start-ups in the energy domain during their first year over the period 
2010-2015 (BMWi, 2015) (+). According to interviewee 6, Helmholtz’ “key is to turn the applied 

research into a technology demonstrator and a little bit into the market”, for which it uses, among 
others, its Enterprise program to support spin-offs from its centres by providing financial and 
managerial support. While there is no data for the energy department individually, Helmholtz’ 
2015 Annual Report indicates that the organisation has produced more than 70 spin-offs across 
all six research fields from 2010-2015 (Helmholtz-Association, 2015) (+). With respect to the 
Kopernikus-Projekte, interviewee 5 states that the attention to entrepreneurial experimentation 
is inherent in the setup of the programme. The involvement of industry will increase after the 
first three years of fundamental research are completed, and their involvement from the start is 
meant to ensure good prospects for commercial viability in due course. The document that 
annunciates the Kopernikus programme does however explicitly make clear that industrial 
partners are expected to take financial responsibility in the commercial exploitation of the 
projects (BMBF, 2015a) (+).  

F2: Knowledge development 

Function two, concerning the development of new knowledge, is crucial to all three German 
instruments, as they all directly fund projects to do so (PtJ: ++). However, because the 
Kopernikus-Projekte are geared toward making an actual impact on the energy system in the 
end, the main novelty is not in its scientific or technological knowledge but rather in its means of 
achieving the implementation (+). Interviewee 6 sees Helmholtz’ research as a contribution to 
solving “the most pressing questions of society”, and while the Annual Report again does not 
provide data for the energy department specifically, it does mention that its scientists have 
published over 13,000 publications in 2014 and that it was ranked sixth in the top 200 of the 
Nature Index of research organisations (Helmholtz-Association, 2015) (++). 

F3: Knowledge diffusion 

The way in which knowledge and information are exchanged, the topic of the third function, 
differs a lot per instrument. In this regard, interviewee 4 mentions that PtJ regularly organises 
seminars of up to 400 people, produces comprehensive annual brochures that highlight 
interesting projects results, and hands out 20-25 theme-specific flyers per year to actors that 
operate within relevant fields (++). Helmholtz’ Annual Report emphasises the importance of its 
networks with universities and other research organisations both nationally and internationally, 
as a way to exchange scientific ideas, with around half of its scientists coming from outside 
Germany (Helmholtz-Association, 2015) (+). With regard to Kopernikus, interviewee 5 states 
that “the networking of the Kopernikus researchers with others is something the Ministry strongly 

encourages. In further steps, the Kopernikus consortia will be enhanced with satellite projects and 

possibilities to join new partners. The BMBF is willing to spend additional funding money on this.” 
This interviewee also refers to the plans to organise conferences based on the results and topics 
of the consortia as an important means of knowledge exchange (++). 

F4: Guidance of the search 

Function four is focused on guiding technological developments, for which the three German 
instruments each have different ways. Interviewee 4 indicates that PtJ mainly works with an 
open call, which is a comprehensive publication issued in 2014 that is still valid and yielding 
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good proposals in 2016. This document outlines possible research directions for a wide range of 
energy technologies in some detail, and serves as the basis for a lot of the project funding in the 
energy domain (BMWi, 2014). PtJ then monitors these projects by evaluating (half-)yearly 
progress reports compiled by the project group. In its strategic work for the federal government, 
PtJ also provides advice on the setting up of new funding programmes, which can indirectly 
affect research directions (+/-). Helmholtz affects research orientations differently, as it requires 
its centres to come up with strategic research programmes, as mentioned before in the 
institutional analysis. On the basis of international expert evaluations, Helmholtz is able to steer 
research focus by strategically allocating funding to these programmes (Helmholtz-Association, 
2016d) (+). Concerning the Kopernikus-Projekte, interviewee 5 argues that the program is set 
up to develop the strategic directions for energy research in Germany and “build a seed [..] that 

attracts all the stakeholders in this field naturally [and] where everybody working on these topics is 

looking to – at least in Germany, and ideally on an international scale” (++). 

F5: Market formation 

Function five, revolving around the formation of new markets, is rejected by interviewees 4 and 
6 as a major goal of PtJ (0) and Helmholtz (0), respectively. Interviewee 5 sees market formation 
as a largely societal problem in which technology acceptance is a crucial factor. This interviewee 
argues that “if we involve society within the technology development process, the markets are 

much quicker to reach with less chance of blowing up in your face.” Therefore, the Kopernikus 
projects include NGO’s and other societal organisations such as unions to “ensure that the 

developed technologies are compatible with the expectations of the citizens” and thus have a 
greater chance of success in the marketplace (+). 

F6: Resource mobilisation 

Function six concerns the mobilisation of financial, human and physical capital. Starting with the 
first type, all German instruments mobilise financial resources with public funds. This covers 
most of the resource mobilisation done by PtJ, although interviewee 4 also refers to the effect 
that its funding of university projects has on creating new job opportunities for PhD-students 
(+/-). However, Helmholtz and the Kopernikus-Projekte mobilise more diverse sets of resources, 
as they are for instance also meant to help attract private funding. As mentioned before, BMBF’s 
official annunciation of the Kopernikus-Projekte made clear that commercialisation will only be 
funded up to 50%, while the rest of the costs are to be borne by project partners from industry. 
Interviewee 5 also indicates that there are plans for the Kopernikus-Projekte to issue a network 
call next year to attract more partners and thereby mobilise even more resources than the 
current consortia already do (++). Helmholtz’ Annual Report indicates that in 2014, the energy 
department had attracted €213 million in third-party funding on top of the €379 million funded 
publicly (Helmholtz-Association, 2015). Interviewee 6 illustrates this with an example:  

“Five or six years ago, we mobilised financial, human and also physical resources, to ramp up 

battery research. That was done within a couple of years. We mobilised more than 200 people, a 

substantial amount of budget, and established a new research area in Germany which is now 

amongst the world-leading activities.” 

In other words, due to its size and position in the research field, Helmholtz has the critical mass 
to strategically mobilise substantial resources (++). 
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F7: Creation of legitimacy 

Establishing trust and legitimacy for the innovation projects, with which function seven is 
concerned, is done similarly in Helmholtz and PtJ. Both interviewees 4 and 6 mention that 
having a good communication strategy is crucial in this regard. Helmholtz has a large press 
department with good connections to all major German newspapers, and regularly places 
articles there as well (+), while PtJ makes extensive use of the brochures, websites and flyers 
mentioned before (+). Interviewee 5 again refers to the involvement of a great variety of 
stakeholders in Kopernikus, among which representations of society, as a good way to establish 
trust and create legitimacy. This interviewee also argues that the €10 million in annual public 
funding per project for a period of ten years is a strong signal to society and industry that the 
government is showing commitment (++). 

Conclusion 

Both table 9 and figure 5 below summarise the distribution of instrument impacts on functions 
for the German case in a qualitative ranking. The instrument that stands out in terms of its 
comprehensive impact on functions is the Kopernikus programme, which is related to its long-
term approach and inclusion of a wide range of actors. PtJ mostly plays an important role in the 
development of new knowledge (F2) and the exchange thereof (F3), which is largely due to its 
position as a public project management agency that is tasked with the distribution of the 
majority of the federal government’s energy research funding. Finally, due to the fact that it is 
Germany’s largest research organisation, Helmholtz’ impact is greatest when it comes to 
knowledge development and resource mobilisation (F6). 

 

Table 9: Impact of German policy instruments on innovation system functions (0 = no impact, +/- = marginal impact, + 

clear impact, ++ major impact) 

Policy 

instrument 

F1: 

Entrepreneurial 

experimentation 

F2: 

Knowledge 

development  

F3: 

Knowledge 

diffusion 

F4: 

Guidance 

of the 

search 

F5: 

Market 

formation 

F6: 

Resource 

mobilisation  

F7: 

Legitimacy 

creation 

Projektträger 
Jülich 

+ ++ ++ +/- 0 +/- + 

Kopernikus-
Projekte 

+ + ++ ++ + ++ ++ 

Helmholtz 
Gemeinschaft 

+ ++ + + 0 ++ + 
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Figure 5: Visualisation of the impact of Germany policy instruments on innovation system functions 
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6. Reflection 

 

The main research question posed in the introduction of this thesis was: How do institutions 

affect the impact of policy instruments on energy innovation? The previous chapter has taken 
steps to answer this question by applying a framework that was developed with the help of a 
literature review to two different cases. This chapter will discuss how the interpretation of the 
results of chapter 5 can answer this research question, and in particular the two subquestions 
that followed from it: 

SQ1: How do institutions affect the design of policy instruments? 
SQ2: How do policy instruments stimulate energy innovation? 
 
To make this interpretation possible, it is necessary to keep in mind that the policy instruments 
are at the core of the overall analysis. The empirical study focused on 3 instruments per case and 
thus 6 in total, each with different characteristics and activities. However, to facilitate the 
drawing of conclusions from the analyses, the contrasts between the two cases can be used to 
make the results stand out even more clearly. Therefore, it is useful to recognize that each 
instrument in one case has certain crucial characteristics in common with an instrument in the 
other case. For instance, both ARPA-E and Projektträger Jülich are primarily project 
procurement agencies that are responsible for the distribution of project funding and the 
monitoring of their progress. Similarly, the US Energy Innovation Hubs and the German 
Kopernikus-Projekte are both comprehensive and long-term research projects that are 
dedicated to specific critical energy themes. Finally, both the EFRCs in the US and the Helmholtz 
Gemeinschaft in Germany are in essence scientific research organisations that are meant to 
focus their research on the “grand challenges” that face science and society. In what follows, the 
answers to the subquestions will be discussed from the perspective of the contrasts and 
commonalities between these instrument duos that emerged during the process of research. In 
doing so, results from the institutional and functional analyses are intertwined wherever 
possible. This will consequently be summed up in a generic comparison of the US and Germany 
so that policy implications for the Dutch government can be derived. 
 

ARPA-E and PtJ 

The way ARPA-E and PtJ stimulate energy innovation is through the development of new 
knowledge (F2) by supporting individual research projects. Both handle the calls for projects by 
selecting the best proposals and monitoring their progress. There are a few critical differences 
between them, however. The first, which has a strong cognitive component, concerns ARPA-E’s 
focus on radically new or what it calls ‘transformational’ technologies. By this it means 
technologies that can make an impact on the marketplace and thus have a large commercial 
potential. In contrast, PtJ’s projects have, especially since 2014’s elections, been geared towards 
the coupling with the energy system and the transformation thereof. The potential to contribute 
to the transformation of the energy system is therefore a more prominent priority in PtJ’s 
projects than pure commercial viability. This difference in focus is strongly related to the 
differences between energy innovation drivers in both countries; ARPA-E is supposed to 
enhance the competitiveness of US companies by helping revolutionary technologies come to 
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market, while PtJ contributes to the Energiewende by selecting projects with a system-oriented 
focus. This contrast is also reflected in ARPA-E’s relatively high impact on entrepreneurial 
experimentation (F1) and market development (F5). 

Another difference, which is more related to the normative aspect of government positioning, 
concerns both agencies’ approaches to project management. While both evaluate their projects 
on the basis of progress milestones, they differ in terms of their actual involvement with the 
project. ARPA-E can quickly terminate or re-direct projects and is actively involved in the teams, 
while PtJ takes a more distanced approach to evaluate its projects once or twice a year. From the 
point of view of government positioning, it can be argued that the US government’s role as a 
leader that nimbly distributes its resources is reflected in ARPA-E’s direct, hands-on approach to 
project management, whereas the German government’s position as a coordinator that guards 
the overall strategy explains PtJ’s more indirect way of monitoring progress. Similarly, while 
ARPA-E issues very specific calls in its focused programs and has an open call to fill the gaps 
between these programs, PtJ mostly works with an open call that is complemented by additional 
focused calls if there are specific needs that are insufficiently covered by the open call. In 
relation to the functional analysis, ARPA-E’s direct and interventionist approach results in a 
relatively high impact on the direction of its projects (F4). 

The final difference to highlight here, concerning the formal regulative setups in both countries, 
is about the type of organisation the instruments are. ARPA-E is meant to be one cog in the 
comprehensive machine that is the DoE, whereas PtJ is an agency that is responsible for most 
energy research project funding of the federal government. Because ARPA-E is specifically 
tasked with the stimulation of radically new technologies, its management structure is geared 
toward preserving a “fresh” point of view by employing its directors for three or four-year terms 
and giving them the ability to execute quick decisions. In contrast PtJ, which is meant to be the 
ministries’ ‘extended workbench’ and relieve them from their tasks to implement their policies, 
relies on its extensive expertise and established position in the research field. The German 
government uses PtJ’s 40 years of intellectual legacy to design its calls for innovation, making 
the fact that it is an established and trusted organisation a strategic asset. This position does also 
imply that there is a lot of interaction with the ministries themselves, and it does not have the 
ability to issue its own calls or have the final say in which projects are to be funded. Therefore, 
PtJ hardly has the ability to (directly) guide technological development (F4). 

 

Energy Innovation Hubs and Kopernikus-Projekte 

The Hubs and the Kopernikus-Projekte are both comprehensive research programmes that are 
focused on a single energy-related subject. They are comprehensive not only due to the time 
frame they span – 5 and 10 years respectively – but also due to their involvement of a wide 
range of different actors. How and why these actors are involved is the first major difference 
between the two instruments, however. In the case of the Hubs, the main reason for assembling 
large consortia is that it allows for the combination of many disciplines of expertise so that 
scientific research can be translated into a technological proof-of-concept. The consortia are 
comprised of research organisations from both the public and private sector so that the 
knowledge is developed with a clear prospect for commercial application, thereby enhancing the 
potential to contribute to US competitiveness. For the Kopernikus-Projekte this involvement is 
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mainly important for establishing a greater public trust in the solutions that are being 
developed, enhancing the chances of successful implementation in the energy system. These 
consortia are often even larger than the Hubs’ and always include representations from society, 
thereby facilitating the pursuing of the directions in which the Kopernikus-Projekte guide the 
Energiewende. With respect to the functional analysis, both instruments do well in terms of the 
creation of legitimacy (F7), but they differ in why they create this legitimacy: to facilitate 
commercialisation or system integration. In that sense it is surprising that the Hubs score 
relatively low in terms of their impact on entrepreneurial experimentation (F1), as this is a vital 
step toward commercial success. Kopernikus’ systems-view necessarily includes commercial 
experimentation and thus has a potentially higher impact, although this remains to be seen as 
the programme unfolds.          

The way that the themes for the projects have been selected is another crucial point of difference 
between the two, which can be related to the positioning of the governments. In the case of 
Kopernikus, the selection of themes was preceded by a comprehensive multi-stakeholder 
dialogue called Forschungsforum Energiewende. With the Hubs, a few generic guidelines have 
been formulated in a Congress Bill, but the actual topics depend on the consortia that are 
applying and the approval of the Secretary of Energy. Both the German government’s role as a 
coordinator and the US government’s role as a leader are clearly reflected here, in the sense that 
in Germany different stakeholders are brought together to discuss the options, while in the US 
the government has a much bigger say. The multi-stakeholder dialogue process that preceded 
Kopernikus is also a way to exchange knowledge and information (F3), which is meant to be 
enhanced over the course of the projects by among other things the issuing of additional 
network calls. 

The final clear contrast between the Hubs and Kopernikus is related to the setup of the policy 
system in both countries. Whereas the Hubs are directly commissioned by the DoE, Kopernikus 
will be involving both the Ministry for Research and Education and the Ministry for Economy 
and Energy. In the US there are other ministries and public bodies that play a role in energy 
innovation as well, but there is relatively little interaction between them in comparison to the 
German ministries, which are explicitly brought together in the federal government’s energy 
research programme. This cooperation can potentially contribute to the mobilisation of 
(financial) resources as well (F6), in the sense that it brings together the funds available under 
the heading of a single programme that would otherwise have been handed out more in a more 
fragmented manner. 

EFRCs and Helmholtz 

While all the instruments previously discussed have a strong research component, the EFRCs 
and Helmholtz are the two most science-oriented instruments in the analysed sample. They are 
comprised of multiple public research organisations that address the most fundamental issues 
facing society. The way they approach these issues is inherently different, however. Whereas the 
EFRCs direct their efforts at fundamental science only, Helmholtz’ energy research also includes 
applied development and societal acceptance. The former strategy is directed toward the 
acceleration of scientific breakthroughs, while the latter is concerned with the entire 
transformation of the energy system. This difference can however hardly be attributed to a 
difference in national priorities, as it is more about the position they have in the policy system; 
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Helmholtz is a comprehensive federation of long-standing research centres whereas the EFRCs 
are collaborative and relatively short-term projects with a much more specific mandate. 

A dissimilarity that can be linked to the institutional context of the instruments concerns the 
distribution of funding. The US government makes a lot of use of competitive project funding to 
stimulate energy innovation, while the German government has also been providing more 
continuous and stable funding to established research organisations3. This helps explain why the 
EFRCs are competitively awarded partnerships between universities and National Labs, whereas 
Helmholtz spreads its financial support across its own centres only. Although Helmholtz does 
also employ a competitive element by distributing its funds through strategic research 
programmes in which these centres partner with each other, the funding remains within the 
Helmholtz Association itself. This difference could potentially affect the instruments’ impact on 
the exchange of knowledge (F3), but Helmholtz’ centres collaborate with third parties through 
other government programs as well. 

Another dissimilarity revolves around the strategic guidance of the instruments. The DoE’s BES 
Office has used a series of ongoing workshops with the scientific community to determine what  
topics to issue EFRC calls for, while Helmholtz’ strategic direction is decided in direct 
deliberation with the funding ministries. Helmholtz also consults the centres themselves, but the 
guidelines are set in accordance with the ministries only. This difference can be interpreted as 
an example of the German ministries’ close and direct ties with their instruments to provide 
strategic guidance, while the US government values the independence and flexibility of its 
instruments more.  

 

Commonalities, contrasts and implications 

With the analyses completed, there are a few commonalities and contrasts that can be identified 
across both cases in order to facilitate the extraction of policy implications for the Dutch 
government. First of all, the US government stresses how the activities of its instruments are 
complementary to those of the private sector and contribute to the country’s energy security 
and competitiveness. While the German government also makes reference to security and 
competitiveness, the objective to reduce GHG emissions and especially the more direct goal of 
transforming the energy system are clearly more prominent in Germany. The attention to the 
societal dimension of energy innovation might be a consequence of that system-focus, as this 
demands an approach to deal with the actual implementation of technologies in society rather 
than developing the best-performing and cheaply producible technologies. 

Furthermore, the approach of the US government to energy innovation policy appears to reflect 
the linear model of innovation, especially by making clear distinctions between fundamental 
science and applied development and emphasising how the former precedes the latter. Some 
German policy documents also make reference to this model, but the German instruments in this 
thesis are less clearly positioned along phases in this ‘innovation chain’ and pursue a more 
comprehensive approach to innovation overall. This is also reflected in the fact that overall, the 

                                                           
3
 This is often called ‘institutional funding’, but that term is avoided in this thesis to prevent confusion with the 

institutional analysis, which is about ‘rules of the game’ rather than (semi-)public organisations. 
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German instruments pay more attention to the exchange of knowledge (F3) and the facilitation 
of entrepreneurial experimentation (F1). 

Finally, the US instruments all emphasise their ability to flexibly manage where public support is 
directed, as opposed to having large-scale programs in which strategic shifts in focus are more 
difficult. In that sense the DoE uses its instruments as tools to achieve optimal funding allocation 
in the dynamic and rapidly-developing world of energy innovation. The German instruments in 
contrast indicate closer involvement with the government, which allows it to align the 
instruments’ efforts more closely with the overarching strategy for the Energiewende. 
Summarised in single terms, it can be said that whereas the US appears to value flexibility, 
Germany prefers leverage when it comes to stimulating energy innovation. 

In relation to the overall research question, the comparison of the US and Germany has yielded 
many different examples of how institutions affect the impact of policy instruments on energy 

innovation. Strategic priorities, government positions and policy system setups are all in some 
way reflected in the instruments’ activities to stimulate innovation, for instance in the 
formulation of official mission statements, the selection procedure for awarding innovation 
projects or the attention to commercial application. While it is difficult to relate specific aspects 
of instrument designs to institutions or TIS functions one-to-one, the contrasting of both cases 
has shown that useful co-occurrences can be identified. 

In order to derive policy recommendations for the Dutch government it is, especially in light of 
the topic of this research, crucial to pay attention to the Dutch institutional context. Although it 
is beyond the scope of this thesis to provide an in-depth analysis on this part, the contrasts and 
commonalities between German and US energy innovation policy and their institutional contexts 
highlighted in this research have yielded useful insights. A first insight is the use of competitive 
project procurement by issuing calls for innovation. While ARPA-E in the US may make more use 
of specific and targeted calls and emphasises the competitive advantages of energy innovation, 
PtJ’s more open calls are strongly linked to the overall energy strategy that involves the 
transformation of the energy system and the phase-out of nuclear power. Whether 
competitiveness or system transformation is the main priority however, it is important to keep 
in mind that many developments will not be playing a role in this energy system in the end, and 
that “failure” is a necessary element of the innovation process. This type of thinking is especially 
promoted by ARPA-E in the US, which accepts the fact that its projects have a high risk of failure 
and uses a rigorous project management strategy to keep track of their progress and does not 
hesitate to re-direct or abort them. Whichever path the Dutch government chooses to take, 
competitive project procurement can be a useful tool to stimulate energy innovation, as long as 
the approach reflects the ultimate goals energy innovation policy is meant to achieve. 

Another useful insight from this research involves the use of large-scale energy innovation 
programs. Both the US and Germany use large, multi-disciplinary projects to tackle fundamental 
issues in the energy system, such as a lack of proper storage, the inflexibility of the electricity 
grids and the depletion of critical materials for the manufacturing of technological components. 
These comprehensive approaches are not only important to facilitate technological 
development, but also to generate commercial and societal support for the technologies that are 
being developed. It is a way for the government to show commitment to the researchers, 
entrepreneurs and citizens that are together shaping the energy system of the future. The way 
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the issues or themes to focus these programs on are selected is another point of discussion. The 
US way of giving the DoE the final say clearly contrasts with Germany’s dialogue forum-
approach, and both have their advantages and disadvantages. The former might allow for 
quicker implementation whereas the latter could generate more legitimacy. Because the Dutch 
are renowned for their compromise–driven way of making policy (‘poldermodel’), the dialogue 
process could prove useful in this setting as well. It does however also require the ability to 
translate the discussion into concrete and operationalisable results, for which clear delineations 
of what is to be achieved are very necessary to have up front. 

The final insight revolves around the use of national research centres. The US’ National Labs and 
Germany’s Helmholtz centres have a prominent place in their federal government’s energy 
innovation strategies. The National Labs engage in projects and programs for and with both 
public and private actors, while the Helmholtz Centres are more centrally coordinated by the 
government through the Helmholtz Gemeinschaft. The Netherlands has far fewer national 
research organisations (generally called TO2-institutes), so stimulating cooperation in the 
energy domain between these centres only might be less useful than it is in Germany. Instead, 
the US’ more project-based approach which also includes universities and private research 
organisations could be better fit for the Dutch context. This can be linked to the first insight 
posited above about project procurement, in which the energy-related TO2-institutes could 
feature a prominent role.  
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7. Limitations and future research 

 

This seventh and final chapter will comment on the limitations of this study and outline possible 
avenues for further research. To start off, a few comments can be made about the general setup 
of this research. Firstly, this type of investigation would benefit from a more diverse set of 
interviewees. The in-depth interviews in this research were limited to a single person per policy 
instrument, who were selected at the strategic level of the instrument’s organisation so that both 
the instrument-specific functional analysis and the more context-related institutional analysis 
could be covered in the interviews. However, to gain a more comprehensive perspective, it 
would be useful to interview researchers or industry partners in the innovation projects that 
make use of the instruments’ support. Furthermore, the broad definition of the term ‘policy 
instrument’ in this thesis has led to a diverse and non-traditional selection of instruments for 
which a term such as ‘government-affiliated, (semi-)public organisations’ might have been more 
apt. As a result of this selection, the conception of instruments as institutions can sometimes 
(especially in the case of PtJ and ARPA-E) be stretched into something that looks like 
instruments as actors. Although this is not a limitation for the study in itself, scientific 
positioning of future research could benefit more from a dive into the academic literature of 
innovation system intermediaries (e.g. van Lente et al., 2003) or other more actor-centred 
perspectives. The final note to make in relation to the selection of policy instruments covers the 
fact that this study only analysed technology-push instruments due to the expressed interests of 
the commissioners of this research. To gain a more comprehensive overview of energy 
innovation policy in a country, future research would do well to incorporate market-pull 
instruments such as the EEG in Germany or EERE programs in the US. 

With respect to the analyses themselves, there are a few suggestions to be made as well. The TIS 
functions were designed to characterize the dynamics and performance of innovation systems, 
and have been applied to specific instruments before as well – as discussed in section 2.4. 
However, to really go in-depth and systematically assess how instruments affect these functions, 
a common set of instrument-relevant indicators needs to be developed. Although Negro et al. 
(2007) have provided an often-cited example of possible indicators, these are framed from a 
systems perspective and not concrete enough for the comparison of instruments. To give an 
example: function F2 concerns knowledge development or learning, but this can be interpreted 
to be about scientific knowledge, technological knowledge or knowledge on business 
opportunities. Future comparisons of instrument impacts on functions could solve this by 
developing a set of indicators that can be customised depending on the type of instrument that is 
being analysed. This could make an assessment on F2 focus on scientific knowledge if 
fundamental science-centred instruments are analysed, or on market knowledge if the 
instruments are involved with the stimulation of commercial application. 

Regarding the institutional analysis, it must be kept in mind that it is generally difficult to 
attribute instrument differences to specific institutional differences. As argued throughout this 
thesis, instruments are products of the institutional systems in which they are embedded and 
the complex interrelations therein make one-to-one relations impossible to identify. Many more 
factors play a role than the three types of institutions in this study (see e.g. Ostrom, 2010). For 
instance, in this research PtJ’s representative connected the rise of Wärmewende as a new 
keyword to the shift of responsibilities between BMU and BMWi in 2014. However, it is also 
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possible to link this rise to the fact that by 2014, the German electricity transition had advanced 
much further than the heat transition had, making the latter relatively more urgent. While any 
study will have limits to the amount of complexities it can take into account, future research 
could follow a more inside-out path to connect institutional differences with instrument 
disparities. In this research, the institutional analysis started out broadly by identifying 
characteristics of the institutional constellations in the US and Germany, and consequently 
linked those to certain aspects of the instruments’ setups. Thereafter, the main contrasts 
between instruments that were comparable across cases were highlighted. Instead, another 
possibly fruitful approach could be to start with these ‘sets’ of instruments across cases, identify 
where their main dissimilarities are, and then derive higher-order institutional differences from 
the analysis of multiple of these sets per case. While this approach may have more difficulties to 
identify the ‘bigger picture’ per case, it does provide the opportunity to more systematically 
analyse the differences between policy instruments in-depth. Another note to sound concerns 
the relatively short time-frame used in this research. Both cases were focused on policy of the 
last five years so that up-to-date information could be provided to the commissioners of this 
research, but the interaction between institutions and instruments is likely to be a longer-term, 
co-evolving process. Future research might therefore use a longer time-frame and pay attention 
to their mutual influences to better understand the evolution of this relationship.  

To close off, a few words can be said in relation to the scientific basis of this research. The 
analytical framework in this study has centred around the technological innovation systems 
(TIS) approach, which sees innovation as a process that takes place through the interactions 
between elements in a system. In the literature review, another approach was mentioned, 
focusing on the transformation of systems: the Multi-Level Perspective (MLP). In recent years, 
more and more attention has been paid to the integration of these frameworks (Coenen & Díaz 
López, 2010; Markard & Truffer, 2008). While one of the feats of the innovation systems 
approach has been the creation of a new policy rationale by highlighting systems failure as a 
complement (or alternative) to neoclassical market failure, this integration has shifted attention 
to a third type: transformational failure (Weber & Rohracher, 2012). This concerns the lack of 
ability to transform systems to be better equipped to serve certain goals, such as mitigating 
climate change. To accommodate for this perspective, future research could use the framework 
by Kivimaa and Kern (2016), which adds four functions of system destabilization to the seven 
that were also used in this research. However, in line with the comment made above, these may 
need some more specification to allow for a thorough assessment of the impact the instruments 
have on them. 
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Appendix 

Appendix A: List of consultees, interviewees and referents 

 

Phase of 

research 

Organisation Department or board Theme of 

discussion 

Case selection 
(Consultee) 

International Energy 
Agency (IEA) 

Multi-lateral collaborations International 
energy innovation 
policy 

Case selection 
(Consultee) 

Alliander Alliance Management US energy 
innovation policy 

Case selection 
(Consultee) * 

The Netherlands 
Embassy  in the United 
States 

Innovation, Science and 
Technology Office 

US energy 
innovation policy 

Case selection 
(Consultee) 

Projektträger Jülich 
(PtJ) 

Energie / Nationale 
Kontaktstellen für das 
Europäische 
Forschungsrahmenprogramm 

German energy 
innovation policy 
and PtJ’s role 

Analysis 
(Interviewee #1)  

ARPA-E Board ARPA-E in-depth 

Analysis 
(Interviewee #2) 

Joint Center of Energy 
Storage Research 
(JCESR) 

Board JCESR / Hubs in-
depth 

Analysis 
(Interviewee #3) 

Department of Energy 
– Office of Basic 
Energy Sciences (BES) 

EFRC board EFRC program in-
depth 

Analysis 
(Interviewee #4) 

Projektträger Jülich 
(PtJ) 

Energietechnologien PtJ in-depth 

Analysis 
(Interviewee #5) 

Projektträger Jülich 
(PtJ) 

Kopernikus  Kopernikus in-
depth 

Analysis 
(Interviewee #6) 

Helmholtz 
Gemeinschaft 

Energie Helmholtz in-
depth 

Verification 
(Referent) 

University of Sussex – 
SPRU 

Energy Policy Results & 
interpretations 
Germany 

 

* Also used as expert-referent for verification of results and interpretations.  
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Appendix B: Guiding questions for interviews with instrument representatives 

 

Interview with [instrument] 

0. Could you shortly explain what your own position is in [instrument]? 

Institutional context 

1. What specific priorities are driving Germany / the US to engage in energy innovation? 
- How do you think this prioritisation is reflected in the setup of [instrument]? 
 
2. What do you consider to be the task of the German / US government when it comes to 
stimulating energy innovation? 
- How do you think this government task is reflected in the setup of [instrument]? 
 
3. How would you characterize the organisational setup of the German / US energy innovation 
policy system?  
- How do you think this organisational setup affects the setup of [instrument]? 
 
Instrument impact 

 
In this final part of the interview I am asking you to first read through all seven statements in the 

spreadsheet you received by e-mail. Then, please let me know if you find any of these questions 

unclear or in need of more specification.  When all statements are clear, I will ask you to shortly 

explain to me how you believe [instrument] impacts the activities described in the statements. If 

you believe the instrument does not impact the described activity or you simply don’t know, it is no 

problem to leave it blank. 

 

Statement Short explanation Qualitative 

ranking (0,-/+,+, 

++) 

1. [instrument] contributes to turning knowledge 
into business experiments. 

  

2. [instrument] contributes to the development of 
new knowledge. 

  

3. [instrument] contributes to the exchange of 
information and knowledge. 

  

4. [instrument] helps manage research expectations 
to guide strategic directions of research. 

  

5. [instrument] contributes to the creation of 
markets for new energy technologies. 

  

6. [instrument] helps mobilise financial, human and 
physical resources for innovation projects. 

  

7. [instrument] helps to establish trust in and 
legitimacy for technology projects. 

  

    

Now to round of this section I would like you to qualitatively rank the actual impact of [instrument] 

per activity. If you believe [instrument] does not affect a described activity at all, assign a 0; assign -

/+ if you think it has a marginal effect, and so on.  
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Appendix C: Grey and scientific sources used for case selection and analyses 

 

 C.1: United States 

 

 

General   or 

instrument-specific 

APA reference 

General Anadón, L., Bunn, M., Chan, G., Chan, M., Jones, C., & Kempener, R. et 

al. (2011). Transforming U.S. Energy Innovation. Cambridge [MA]: 

Belfer Center for Science and International Affairs. 

General Anadón, L. (2012). Missions-oriented RD&D institutions in energy 

between 2000 and 2010: A comparative analysis of China, the 

United Kingdom, and the United States. Research Policy, 41(10), 

1742-1756. http://dx.doi.org/10.1016/j.respol.2012.02.015 

General C2ES (Center for Climate and Energy Solutions). (2013). U.S. 

Department of Energy's Recovery Act Investments. Arlington, VA: 

C2ES.  

General DoE (Department of Energy). (2010a). Memorandum of 

Understanding between U.S. Department of Energy and U.S. 

Department of Defense. Washington D.C.: DoE. 

General DoE. (2015a). Department of Energy FY 2016 Congressional Budget 

Request - Budget in Brief. Washington D.C.: DoE. 

General DoE. (2015b). Quadrennial Technology Review – An Assessment of 

Energy Technologies and Research Opportunities. Washington D.C.: 

DoE. 

General DoE. (2016). Innovation | Department of Energy. Energy.gov. 

Retrieved 22 June 2016, from http://energy.gov/science-

innovation/innovation  

General IEA . (2014). The United States 2014 Review. Energy Policies of IEA 

Countries: OECD / IEA. 

General NAS (National Acadamy of Sciences). (2005). Rising Above the 

Gathering Storm: Energizing and Employing America for a Brighter 

Economic Future (p. 149). Washington D.C.: The National Academies 

Press. 

General The White House. (2011). Blueprint for a Secure Energy Future. 

Washington D.C.: The White House. 
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General The White House. (2014). The All-of-the-Above Energy Strategy as a 

Path to Sustainable Economic Growth. Washington D.C.: The White 

House. 

General The White House. (2016). About the Recovery Act. The White House. 

Retrieved 24 May 2016, from 

https://www.whitehouse.gov/recovery/about 

Instrument-specific ARPA-E (Advanced Research Project Agency - Energy). 

(2013). Strategic Vision 2013. Washington D.C.: DoE. 

Instrument-specific ARPA-E. (2015). Innovative Development in Energy-related Applied 

Science (IDEAS). Washington D.C.: ARPA-E. 

Instrument-specific ARPA-E. (2016a). ARPA-E | Frequently Asked Questions. Arpa-

e.energy.gov. Retrieved 4 June 2016, from http://arpa-

e.energy.gov/?q=faq 

Instrument-specific ARPA-E. (2016b). About the Summit | ARPA-E Energy Innovation 

Summit. Arpae-summit.com. Retrieved 7 June 2016, from 

http://www.arpae-summit.com/About/About-the-Summit 

Instrument-specific ARPA-E. (2016c). Tech-to-Market (T2M). Arpa-e.energy.gov. 

Retrieved 7 June 2016, from http://arpa-e.energy.gov/?q=arpa-e-

site-page/tech-market-t2m  

Instrument-specific Baldwin, S., Williams, E., & Russomanno, C. (2015). DOE Industrial 

Consortia Initiative Case Study: The Joint Center for Energy Storage 

Research (JCESR). JCESR.  

Instrument-specific DoE. (2010b). What are the Energy Innovation Hubs?. Energy.gov. 

Retrieved 31 May 2016, from http://energy.gov/articles/what-are-

energy-innovation-hubs 

Instrument-specific EERE (Office of Energy Efficiency and Renewable Energy). (2015). 

2016–2020 Strategic Plan and Implementing Framework (p. 8). 

Washington D.C.: US Department of Energy. 

Instrument-specific JCAP (Joint Center for Artificial Photosynthesis). (2016). JCAP At A 

Glance. JCAP. Retrieved 6 June 2016, from 

http://solarfuelshub.org/jcap-at-a-glance  

Instrument-specific JCESR (Joint Center for Energy Storage Research). (2016). Research 

Legacy.  JCESR. Retrieved 6 June 2016, from 

http://www.jcesr.org/about/research-legacy/ 
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Instrument-specific Martin, C. (2015). ARPA-E Overview for Kern Grant Summit. 

Presentation, Bakersfield [CA]. 

Instrument-specific NETL (National Energy Technology Laboratory). (2016). DoE energy 

innovation hubs. Netl.doe.gov. Retrieved 31 May 2016, from 

http://www.netl.doe.gov/research/energy-efficiency/buildings-

and-efficiency/doe-energy-innovation-hubs 

Instrument-specific Office of Science. (2015a). Energy Frontier Research Centers (EFRCs) 

| Home.  Science.energy.gov. Retrieved 1 June 2016, from 

http://science.energy.gov/bes/efrc/centers/  

 

Instrument-specific Office of Science. (2015b). Energy Frontier Research Centers (EFRCs) 

| Publications.  Science.energy.gov. Retrieved 1 June 2016, from 

http://science.energy.gov/bes/efrc/centers/ 

Instrument-specific Hourihan, M. & Stepp, M. (2011). A Model for Innovation: ARPA-E 

Merits Full Funding. Washington D.C.: The Information, Technology 

& Innovation Foundation.  
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C.2: Germany 

 

  

General   or 

instrument-specific 

APA reference 

General BMWi (Federal Ministry of Economics and Technology). (2010). 

Energy Concept for an Environmentally Sound, Reliable and Affordable 

Energy Supply (pp. 3-6). Berlin: BMWi. 

General BMWi. (2011). Research for an environmentally sound, reliable and 

affordable energy supply: 6th Energy Research Programme of the 

Federal Government. Berlin: BMWi. 

General BMWi. (2014). Bekanntmachung Forschungsförderung im 6. 

Energieforschungsprogramm „Forschung für eine umweltschonende, 

zuverlässige und bezahlbare Energieversorgung“. Berlin: 

Bundesanzeiger.  

General BMWi. (2016). Innovation durch Forschung - Erneuerbare Energien 

und Energieeffizienz: Projekte und Ergebnisse der 

Forschungsförderung 2015 (pp. 130-131). Berlin: BMWi. 

General Energiewende Direkt. (2015). The Energy Transition in Germany – 

Partners around the world. Berlin: BMWI (Federal Ministry for 

Economic Affairs and Energy). 

General EKRC (Energy Research Knowledge Centre). (2016). Germany. 

European Commission | Energy Research Knowledge Centre. Retrieved 

22 June 2016, from https://setis.ec.europa.eu/energy-

research/country/germany 

General Goodman, J. (2016). The ‘climate dialectic’ in energy policy: Germany 

and India compared. Energy Policy, In Press. 

http://dx.doi.org/10.1016/j.enpol.2016.03.014 

General IEA (International Energy Agency). (2013). Germany 2013 Review. 

Energy Policies of IEA Countries: OECD / IEA. 

Instrument-specific BMBF (Bundesministerium für Bildung und Forschung). (2015a). 

Bekanntmachung - Richtlinie zur Förderinitiative "Kopernikus-

Projekte für die Energiewende". Retrieved from 

https://www.bmbf.de/foerderungen/bekanntmachung.php?B=1084 
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Instrument-

specific 

BMBF. (2015b). "Die Welt schaut auf uns". Retrieved 5 June 2016, from 

https://www.bmbf.de/de/die-welt-schaut-auf-uns-2634.html  

Instrument-

specific 

BMBF. (2016). Kopernikus-Projekte für die Energiewende - BMBF. 

Retrieved 6 June 2016, from https://www.bmbf.de/de/kopernikus-

projekte-fuer-die-energiewende-2621.html 

Instrument-

specific 

BMWi. (2015). Das ist EXIST 2015 (pp. 8-13). Berlin: BMWi. 

Instrument-

specific 

Helmholtz-Association. (2014). Annual Report 2014 (pp. 38-41). Bonn: 

Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren 

e.V. 

Instrument-

specific 

Helmholtz-Association. (2015). Annual Report 2015 (pp. 38-41). Bonn: 

Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren 

e.V. 

Instrument-

specific 

Helmholtz-Association. (2016a). History - Helmholtz Association of 

German Research Centres.Helmholtz.de. Retrieved 5 June 2016, from 

https://www.helmholtz.de/en/about_us/the_association/history/ 

Instrument-

specific 

Helmholtz-Association. (2016b). Energy System 2050 - Helmholtz 

Association of German Research Centres. Helmholtz.de. Retrieved 2 June 

2016, from 

https://www.helmholtz.de/en/research/energy/energie_system_2050

/ 

Instrument-

specific 

Helmholtz-Association. (2016c). Technology, Innovation and Society - 

Helmholtz Association of German Research Centres. Helmholtz.de. 

Retrieved 2 June 2016, from https://www.helmholtz.de/en/research/ 

energy/technology_innovation_and_society/  

Instrument-

specific 

Helmholtz-Association. (2016d). Programme-oriented funding - 

Helmholtz Association of German Research Centres. Helmholtz.de. 

Retrieved 3 June 2016, from 

https://www.helmholtz.de/en/about_us/the_association/ 

statutes_and_governance/programme_oriented_funding/  

Instrument-

specific 

PtJ (Projektträger Jülich). (2016). Projektträger Jülich: Im Profil. Ptj.de. 

Retrieved 6 June 2016, from https://www.ptj.de/profil  

 

 

 



 

69 

 

  

Instrument-

specific 

Zeit Online. (2011). Deutschland: Historischer Beschluss: Atomausstieg 

bis 2022 perfekt. ZEIT ONLINE. Retrieved 25 May 2016, from 

http://www.zeit.de/news-062011/30/HAUPTSTORY-

ATOMAUSSTIEG-DONNERSTAG31168402xml 
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Appendix D: Instrument impacts as assessed by the instrument representatives 

 

The following table presents the relative function impacts as indicated by the instrument 
representatives themselves, listed in Appendix A. The coloured cells are the rankings that 
deviate from the final rankings in the report: orange cells are assessed to be less positive than 
the interviewees had indicated, while green cells are assessed to be more positive. 

 

The differences between the interviewees’ assessments and those in the final results section 
arise due to the fact that the instrument representatives were asked to rank the impact on the 
functions relative to each other, whereas the final analysis also needed to reflect the inter-
instrument differences that the representatives could not take into account. The job of the 
analyst is then to transcend the individual instrument impacts and assess how they relate to 
each other, which is difficult to do as there are many ways in which the functions can be 
impacted and these are often not one-to-one comparable. 

Without going into detail on each specific difference, there are three points that need to be made 
here. The first concerns the overall trend of downgrading the US’ assessments (more orange) 
and upgrading the German ones (more green). In general, the US representatives rated their 
instruments’ impacts significantly higher in comparison to the German representatives, while 
their claims after all were not that different and should therefore be more balanced in the eyes 
of the researcher. A suggestion for a possible cause for this difference could be that it reflects the 

Policy 

instrument 

F1: 

Entrepreneurial 

experimentation 

F2: 

Knowledge 

development 

F3: 

Knowledge 

diffusion 

F4: 

Guidance 

of the 

search 

F5: 

Market 

formation 

F6: 

Resource 

mobilisation 

F7: 

Legitimacy 

creation 

ARPA-E ++ ++ ++ ++ +/- + + 

Energy 
Innovation 
Hubs 

+/- ++ ++ +/- +/- ++ ++ 

Energy 
Frontier 
Research 
Centers 

+/- ++ ++ ++, +/-* 0 ++ + 

 
Projektträger 
Jülich 

+/- ++ + +/- 0 +/- + 

Kopernikus-
Projekte 

++ + + + + ++ ++ 

Helmholtz 
Gemeinschaft 

+/- ++ + ++ 0 ++ + 
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US tendency to emphasise competitiveness and excellence. The second point is about the impact 
of the Energy Innovation Hubs on function F4 (guidance of the search), which is the greatest 
reassessment made by the researcher (and therefore more darkly coloured). Although the 
interviewee rated the relative impact as marginal, he did provide a very strong example of 
guiding the US battery research field - as quoted in the functional analysis of the US case. As this 
was not matched by the other instrument representatives, the researcher assessed the impact to 
be ++ instead of +/-. The final point revolves around the impact of the EFRCs on function F4 
(marked with an asterisk *). The interviewee gave a twofold answer by stating that the search 
within EFRCs is strongly guided (++), but the impact on the direction of the wider research 
community is much smaller than that of the Hubs because their organisations are a lot smaller 
(+/-). Lacking a reason to focus on either explanation, the average of the two (+) was used for 
the final assessment. 

 


