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INTRODUCTION 
Focus and aim of the thesis 
 
Climate change has become a formidable challenge for energy systems. To answer 
this challenge governments are increasingly engaged in the formation and 
direction of energy innovation systems towards sustainable energy transitions. 
This, however, is marked with high levels of uncertainty, complexity, 
interdependence and inertia. First, because of the technological challenges, scarce 
resources and high sunk costs of investments; second, because of the high level of 
lobbying by advocacy coalitions; and lastly, because the international regulatory 
systems governing climate change are continuously changing. Governments are 
called to foresee changes on all these multiple levels and signal within energy 
innovation systems the direction of investment, while using various policy 
instruments. This puts high demands on the capacities, organization and integrity 
of public policy bodies, which are not always met. Thus, there are significant 
limits to the capacity to project and govern transitions-in-the-making. 
Furthermore, policy rationales connected to the energy sector are not always clear-
cut and one-dimensional. First, from the global climate crisis discourse an agenda 
has emerged calling for expedient change and decarbonization (“technological 
fix”) of the energy sector; second there are economic interests connected to the 
development of energy technologies (the so called “green growth” agenda); third, 
there has been a long-term debate surrounding energy security (“electric 
vulnerability”) in Europe and in the world, with calls for more investment in and 
internationalization of energy systems in order not to be dependent on single 
energy supply routes nor energy sources. Consequently, policy makers have to 
maneuver very complex minefields of interests when dealing with the energy 
sector. 

As such, this thesis looks into the interaction of public policy and underlying 
politics with technological change in the energy sector. What we suppose is that 
policy change occurs in co-evolution with both technology and institutions 
(Borrás and Edler 2015). Because the challenges outlined above are intrinsically 
connected to technological development, it would be easy to fall into the trap of 
linear policy-making, concentrating on the supply of new energy technologies. 
This, however, is shown not to work in the energy sector (e.g., Suurs and Hekkert 
2009). Hence, more complex, systemic solutions are called for. This thesis tackles 
these problems from different angles developing an analytical approach that is 
technology specific, accounts for institutional differences, transnational linkages 
and the geography of change (namely the role of state size in technological change 
processes) in energy technology innovation systems. For this the author puts 
together recent developments in innovation systems (IS) literature – specifically 
technological innovation systems (TIS) –, arguments from economic geography 
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(the relative size and proximity of states) and research done under global value 
chain (GVC) stream. TIS, among other innovation system perspectives, was 
chosen due to its focus on technology-specific effects, but also because the unit of 
analysis in most empirical accounts is on the network level, which will help to 
integrate the GVC perspective into the analytical framework. 
 
The main arguments of the thesis are developed in four original articles. In all 
articles the author of the thesis has been the sole or lead author (I, II, III, IV). In 
the first article, the author of the thesis pursues the issue of state size in times of 
globalization and argues that objective measures of space have become obsolete 
during times of increasing interconnectedness and economic liberalization (I). 
The article reaches the conclusion that “size” is dependent on three factors: 
economic structure, development level and core-periphery relationships. In terms 
of technological development this can be connected to the concept of “proximity” 
(Boschma 2005) that has recently been applied to innovation systems research 
(Lundquist and Trippl 2013). The thesis outlines the problems and possibilities 
for small states in the context of increased internationalization of technology (I, 
14-15). Furthermore, the article introduces the importance of global production 
networks (GPN) as important parts of dispersed knowledge production and the 
influence of multinational companies (MNC) on the economic power of small 
states. Thus, the article builds the backbone for the reasoning to look at states’ 
innovative capabilities in a transnational perspective. 
 
In the second single-authored article (II), the author looks at the role of state-
owned enterprises in energy innovations systems in a small state context. The 
complex nature of governing energy innovation systems and the conflicting 
rationales influencing these systems are outlined through the example of Eesti 
Energia, a state-owned energy company in Estonia primarily engaged in non-
renewables. The article shows how the innovation policy agenda can compound 
with the environmental and energy security agenda and even fiscal policy interests 
in the context of state-owned enterprises. Innovation systems in the energy system 
are, thus, confronted with immense policy legacies; even more so as most energy 
sectors have been and are still characterized by public ownership. Nonetheless, in 
the liberalized market economy even state-owned enterprises (SOEs) move in 
GVCs and this, as was shown in the case of Eesti Energia, can be a way for 
companies to deliberately decrease the control of national governments (II, 10). 
The case study, in the context of the current thesis, shows the importance of both 
accounting for national institutional contexts and also transnational value chains 
in describing energy technology development. 
 
Two articles in the main body of the thesis were co-authored: one with Dr. Erkki 
Karo on the role of SOEs in the oil and gas sector (III) and the other with 
colleagues from Belgium and the Netherlands, who helped collect the data to 
analyze the effect of market liberalization reforms on incumbent electricity 
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producers in Belgium and the Netherlands (IV). The former outlines the role of 
state-owned enterprises globally in the energy sector and describes their potential 
as innovation policy instruments in varied policy contexts (III). Furthermore, 
different policy rationales influencing SOEs in the energy sector (and beyond) and 
the importance of different institutional environments for energy technology 
innovation systems are outlined. Moreover, the article makes a case for the 
influence of diverging political interests on SOEs’ innovation activities in the 
energy sector through case studies of different government controlled oil 
companies in the world. The latter co-authored article (IV) outlines the possible 
impact of applying traditional, market-based policies in the energy sector and not 
discriminating between technologies. Thus, the article shows through the cases of 
the Belgian and the Dutch energy sectors the need for technology-specific 
approaches and, thus, the potential role of technology innovation systems analysis. 
 
The Appendix of the thesis contains a paper co-authored with Kaija Valdmaa on 
the effect of global climate change discourse – the so-called sustainability agenda 
– on domestic energy-R&D networks (V). This article strengthens the claims 
made in article IV showing that supporting innovation indiscriminately is not 
enough to induce change in energy technology innovation systems. The paper 
outlines the dangers of linear, technology-fix-based innovation policy discourse 
through the example of science and industry linkages within the energy sectors. 
The article shows that if more precise, technology-specific approaches to 
innovation policy are not taken, it can stall sustainability transitions in the energy 
sector. 
 
Put together, the five original works that the thesis is composed of outline the need 
for a technology-specific energy innovation systems analysis that accounts for 
both space – national and transnational effects – and various policy agendas in the 
complex policy legacies within the energy sectors. Consequently, in the following 
introduction of this thesis the author tries to go beyond the elements of energy 
innovation systems (networks, hierarchies, markets described in the articles) and 
outline a more comprehensive picture of energy technology innovation systems 
that accounts not only for technological momentum, but also for space-specific 
tendencies and power relations (exemplified by small states’ challenges in 
internationalized technology development processes). There is a lot of room in 
innovation systems literature to conceptually identify the role of transnational 
linkages, learning processes, global value chains and relationships with the wider 
international context. Innovation systems literature, while seemingly all-
encompassing, seems to neglect many of the former dimensions. As such, one of 
the main critiques of the innovation systems approach is the static, mechanical 
and descriptive focus of analysis and the disproportionate focus on science and 
technology (S&T) rather than the loci of innovation (Dodgson et al. 2011, 1146). 
Thus, for example, innovation systems analyses tend to marginalize the market 
(inter- and intra-firm relations) and focus more on the non-market institutional 
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dimension of innovation (Bleda and Del Rio 2013). As policies and funding of 
research and development (R&D) are increasingly moving to supra-national levels 
(see Tõnurist and Kattel 2015; I), also innovation systems should be analyzed on 
supranational levels. The TIS approach adds to the debate by stressing the need to 
combine factors that are intrinsic to technologies with contextual elements to 
create the conditions for technological development and its adoption (Bento and 
Fontes 2015). Integrating the global value chain approach with the technology 
innovation systems helps to more specifically analyze backward and forward 
linkages between actors (also on the firm level) in GVCs and understand how 
these affect learning and innovation. 
 
The following research questions are addressed in the thesis: 
 

(1) What are the main policy rationales governing the energy sector and how 
do these affect innovation and technological development in energy 
innovation systems? 

(2) Which components of technology innovation systems should be analyzed 
to respond to the challenges that the energy sector is currently facing? 
What are the conceptual weaknesses in theory that should be addressed to 
reach a more realistic depiction of innovation processes in multiscalar 
energy innovation systems? 

(3) What roles do geography and state size play in transnational energy 
innovation systems? How can transnational linkages in energy innovation 
systems be studied? What could be the potential role of small states in 
transnational energy innovation systems? 

(4) What is the potential role of state-owned enterprises in transnational 
energy innovation systems? 

 
The introductory section of the thesis is developed as follows. First a short 
methodological overview of the thesis is provided. This is followed by the 
delineation of challenges in technology innovation systems in the context of the 
energy sector. We approach the subject through the lens of sustainability 
transitions in the energy sector and discuss the conflicting policy rationales 
governing energy innovation systems (covered also in articles II; III; IV and V). 
Specifically the technology innovation systems approach is used (which is also 
the one applied most frequently in the context of energy technologies) to introduce 
a technology-based dynamic into a multiscalar, transnational energy innovation 
systems approach. The benefits and weaknesses of the TIS approach for such a 
purpose are outlined. Specifically, the effect of geography is separately brought 
out, and a new focus on global value chains in evaluating innovation systems is 
proposed. This discussion ends with outlining the role and difficulties of small 
states in transnational energy innovation systems. This is especially important due 
to the sheer size of the global sustainability challenge the world is facing: with the 
global nature of the problem, large-scale, international technological development 
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projects and the influence of emerging economies on energy demand, the role of 
small states in energy innovation systems seems to be almost insignificant. 
However, Mowery et al. (2010) argue that what is needed for a sustainability 
transition in the energy sector is not a new “Manhattan project”, but rather more 
learning and experimentation with different technologies. Small states with less 
complex structures may be apt spaces for entrepreneurial action that spurs on 
learning, technological diffusion and leap-frogging (Mazzucato and Perez 2015). 
In a separate section, where the author discusses the contributions of the thesis to 
the aforementioned debate, the missing role of state-owned enterprises in the 
energy sector is also discussed in the context of transnational TISs. The last 
section proposes new avenues for research. 
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METHODOLOGY 
 

Methodologically this thesis is cross-disciplinary including approaches from 
political science, management studies, governance studies, evolutionary and 
institutional economics, and innovation studies. As it is a combination of 
independently written articles, the methods applied are divided between different 
sections of the thesis. 

The theoretical analysis of the thesis in its underlying assumptions draws heavily 
upon evolutionary economic theory (Nelson and Winter 1982), institutional 
economics (Powell and DiMaggio 2012) and recent developments in economic 
geography applied to innovation systems analysis (e.g., Lundquist and Trippl 
2013). At the same time, traditional management theories were systematically 
reviewed in several of the articles (e.g., II; III) to illustrate some of the gaps in 
conventional theoretical perspectives. All articles in the thesis also follow a public 
policy narrative and, specifically, search for the role of the state in technological 
development. 

In more theory-heavy contributions – for example when defining the concept of 
the “size” of states (I) –, the thesis relies on cumulative theoretical review (using 
both theoretical and empirical studies as input). When identifying the main policy 
rationales of state-owned enterprises (III) and the characteristics of the global 
climate change discourse (V), systematic theoretical reviews were carried out with 
combined citation searches and the snowball method. 

In the empirical analysis we combined different methodologies for analyzing the 
case studies (II; III; IV; V). In most cases data was triangulated from different 
sources to increase the validity of the studies. In general, several data sources were 
found to minimize the risk from single data sources. In the case study of Eesti 
Energia (II) a combination of in-depth, semi-structured interviews and document 
analysis was applied. Looking at the developments of the oil sector (III), three 
different cases (Statoil, Norway; Petrobras, Brazil; and PDVSA, Venezuela) were 
selected based on a pre-analysis of different state-owned enterprises in the oil 
sector and the connected national policy context. Cases were selected due to their 
illustrative properties (as “crucial cases” for the phenomenon under study 
(Eckstein 1992) and a comparative case-study methodology was applied (Yin 
2003). Similarly the analysis of the effects of energy market liberalization on 
innovation and the role of market structures in the cases of Belgium and the 
Netherlands (IV) adopts a comparative research design. The aforementioned case 
studies do not aspire to be representative for a larger population – they are used 
for “theory building” purposes only (Amaratunga and Baldry 2001). As such, 
through the cases, contextual factors surrounding the unit of analysis are 
identified. In the paper analyzing the effects of the climate discourse on scientific 
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networks (V), first, a basic discourse analysis was carried out to identify the broad 
narrative changes in the Estonian policy context, and second, an integrated 
approach applying both quantitative (network analysis) and qualitative methods 
(documentation analysis, semi-structured interviews etc.) was applied to research 
the change in practice. 

Together, the mixed methodological approach can be seen as a way to overcome 
the tragedy of “wicked” or even “super wicked” problems in innovation policy-
making in the energy sector. Levin et al. (2012) define the aforementioned in the 
context of climate change by four key features: (1) time is running out; (2) central 
authority, which is needed to address the problems, is weak or non-existent; (3) 
those who cause the problem seek to provide the solutions; and as a result, (4) 
policy responses discount the future irrationally, even if faced with catastrophic 
future impacts. When these features are combined – as is the case in the field of 
sustainability transitions in the energy sector and especially the climate crisis – 
traditional methodological approaches are not equipped to identify potential 
solutions (ibid.). We will show below that this is especially the case in innovation 
policy design. When investigating energy innovation systems, the goal is to 
concentrate on not only simple, static effects, but (positive and negative) feedback 
loops in the system dependent on complex policy legacies within the energy sector 
(Jordan and Matt 2014). This requires system thinking and reflexive learning – 
iterative and recursive approaches – not only from the policies involved, but also 
in methods applied to the study of energy innovation systems. Rather than “single 
shot analysis”, social sciences in this context should identify a “connection of 
chains of contingencies that could shape the future” (Bernstein et al. 2000, 53). 
This is also the baseline for the following discussion on energy innovation systems 
and sustainability transitions and the development of the new analytical approach 
to study multiscalar, transnational energy technology innovation systems. 
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TOWARDS MULTISCALAR ENERGY INNOVATION SYSTEMS  
 

Traditional policy context in energy innovation systems 
 

“Policy debates often come to resemble a babel of tongues, in which participants 
talk past rather than to one another.” (Bobrow and Dryzek 1987, 4) 

Usually policy instruments – e.g., tradable emissions permits, CO2 taxes, green 
certificates – regulating the energy sector operate under market failure principles 
and do not distinguish between different technologies. For example, the main 
policy vehicle in the EU – the Emissions Trading Scheme – focuses on “getting 
the prices right”, which has proven to be unsuccessful in the face of the 
sustainability challenge (Fagerberg et al. 2015).1 Energy markets in general 
usually fail to internalize the environmental costs of energy supply (Jacobsson and 
Bergek 2011, 41). Furthermore, most of these instruments do not take into account 
the varying concentration and the structure of energy markets (see IV) in planning 
policy instruments. 

For example, in most EU countries electricity industry ownership is still public or 
mostly public (Bacchiocchi et al. 2015, 75).2 Thus, public investment in the energy 
sector has an important pull effect on R&D and innovation (II; III) as most 
technological development happens in the associated industries in the value chain 
that supply the technology to the energy sector (Gallagher et al. 2012). Thus, 
ownership structures in the energy sector can also affect technological 
development (see discussion in IV). For example, state-owned enterprises tend to 
have more long-term, large-scale funding for technologies with high fixed costs, 
                                                 
1 Uniformity of regulation in the energy sector has shown to produce asymmetric effects 
also outside the realm of technological development. For example, Bacchiocchi et al. 
(2015) examined the impact of standard regulatory reforms on household prices of 
electricity across the EU countries and found opposite effects for the EU15 and the new 
member states. Furthermore, they show that electricity prices were significantly higher in 
new member states with privatized energy sectors. 
2 While the EU’s energy market reform has been regularly described by three pillars – 
unbundling, liberalization of markets and privatization (IV) –, the European Commission 
has been fairly neutral about calls for energy sector privatization (Bacchiocchi et al. 2015, 
72). Nevertheless, many EU member states have privatized their energy sectors, while 
government ownership with sound public sector management per se is not an enemy of 
market liberalization nor innovation (Del Bo 2013; Sterlacchini 2012). Nevertheless, in 
the liberalized market conditions market incumbents tend to support incremental 
technologies (IV). Thus, liberalization coupled with privatization usually coincides with 
a decrease in R&D investments (ibid.), although, some small recovery in investment levels 
has been recently noted (Jamasb and Pollitt 2015). 
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such as nuclear technology, hydroelectricity and deep-water drilling projects (II; 
III). Private companies tend to invest in smaller-scale technologies, and the 
expectation that private capital would support large-scale investments into 
renewable or low-emission technologies on their own has not been confirmed (see 
e.g., Florio 2013; IV).  

In general, Jacobsson and Bergek (2011) argue that under market conditions the 
main consideration of developing specific technologies is their marginal cost 
(most cost-efficient technologies), and this is not enough to spur on sustainable 
transitions in the energy sector (see also Azar and Sandén 2011; IV). Different 
technologies do not have the same life-cycle patterns (e.g., photovoltaic (PV) 
technology is characterized by learning-by-doing and wind-power systems by 
more complex sub-systems and component designs, see Huenteler et al. 2014) – 
as renewable energy technologies are in various stages of development, their cost 
dynamics differ. Going from the formative to the growth phase in the 
technological life-cycle (TLC) usually means “the valley of death” for many 
technologies (Murphy and Edwards 2003; see also example in II). This happens 
when initial public sector investments in R&D diminish and private investment 
horizons are relatively short compared to the overall need for energy transitions 
(Bergek et al. 2013). During upscaling, technologies usually move from 
experimentation with small unit-scale technologies to scaling up at the industry 
level and to global diffusion (Wilson 2009). Going from one phase to another can 
take considerable time (e.g., Wilson 2012). This means that also policies 
supporting energy technologies have to be distinctive to different TLCs (e.g., 
Foxon and Pearson 2008). Hence, technology-specific policy instruments rather 
than one-size-fits-all solutions may yield a better return in the energy sector. 

Linear, technology-neutral policies tend not to take the diverging cost dynamics, 
risks, value chains and bottlenecks and endogenous learning processes into 
account and fail to stimulate investments (e.g., see Suurs and Hekkert 2009 in the 
context of second-generation biofuels in the Netherlands; also discussion in V). 
Most innovation policies put the emphasis on economic growth – general ability 
to create value added through new innovations sometimes in specific industrial 
sectors – rather than fundamental transformative changes (Alkemade et al. 2011; 
V). Thus, the innovation policy rationale and the sustainability transformation 
rationale are only aligned when they contribute to both economic growth and 
sustainable development at the same time (Alkemade et al. 2009). In transition 
policies the orientation is towards more specific problem areas and challenges3 – 
climate change, secure energy supply etc. – rather than general R&D supply-
oriented problem designs usually employed by standard innovation policies or 

                                                 
3 In the context of transition policies, Weber and Rohracher (2012, 1040-1041) describe 
these as “issue-centred policies” or “issue centred policy areas,” but in the context of 
climate change they are often referred to as “grand challenges” (see e.g., the recent debate 
leading to the Paris climate conference; EPRS 2015). 
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even innovation systems analysis. Hence, the legitimacy of policy intervention in 
transition policies is generally different from the traditional neoclassical policy 
debates. Consequently, transition policies and the employed policy instruments 
(experiments, visioning and scenario studies) are usually set apart from traditional 
(regulatory, tax-based, financial support) policy measures and planning 
(Meadowcroft 2009). Therefore, actual policy formation in energy innovation 
systems, as described above, still tends to be driven by the traditional market 
failure rationale (e.g., Dodgson et al. 2011; II; IV). 

Most sustainability transition analyses do not, however, take the political 
circumstances – which make the adoption of policies probable – into account 
(Meadowcroft 2011, 73). Hence, economic growth oriented innovation policies 
can strengthen the existing lock-in in energy innovation systems (Geels and Schot 
2007; V). While transition policies may search for ways to phase out old industries 
with new production systems, innovation policies may focus on sustaining the old 
systems (Alkemade et al. 2011; II; III; V). Furthermore, sustainability goals may 
not always bring economic profit – despite the prevalent green-growth rhetoric 
and the much-cited Porter hypothesis (Porter 1991; Porter and van der Linde 1995) 
– and thus, their source of legitimacy and policy rationale conflicts with the one 
of innovation policy. 

Recently many authors have argued that innovation policies should be aligned 
with energy technology development objectives and the overall energy policy 
(Chiavari and Tam 2011; Grubler et al. 2012). This also entails the integration of 
demand-side policies to get out of the “stop-start” development process of many 
energy technologies (Grubler et al. 2012). However, the sustainability rationale 
specific understanding of super wicked problems is not applied in theory or in 
practice in the context of innovation policies. Nevertheless, EU innovation 
policies have recently started to cite “societal challenges” (see, e.g., European 
Commission 2014), but simply layering policies with different goals can cause 
serious misalignment (see Kern and Howlett 2009). 

In the next sections we look into different approaches to studying innovation and 
sustainability transitions in more detail, before specifically concentrating on the 
possible extension of the technology innovation systems approach to studying 
space-specific energy technology innovation systems. 

 

SUSTAINABILITY CHALLENGES AND INNOVATION IN THE 
ENERGY SECTOR: DIVERGING AGENDAS  
 

“Evolutionary innovation policy is not about keeping markets close to a 
perfectly competitive state so that resources are optimally allocated but 
about keeping them open to experimental conditions and to the structural 
changes entailed by novelty creation.” (Bleda and Del Rio 2013, 1050) 
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The European Union (EU) has set a target to reduce carbon emissions by 80-95% 
below 1990 levels by 2050 (European Commission 2011). This is a very ambitious 
goal, especially as in 2010 fossil fuels accounted for 80% of global primary energy 
supplies, while renewables (including hydropower) made up only 13% (IEA 
2012). Not only is this a question of energy supply, but also global demand for 
energy is expected to increase at a faster pace than the switch to renewable energy 
sources, making the global carbon output rise (IEA 2014). At the same time, 
global electricity demand growth is not uniform, and low growth rates of 
electricity demand in developed countries have been associated with utilities 
giving up their long-term investment projects (Jamasb and Pollitt 2008; Salies 
2010). Thus, sustainability transition within the energy sector is truly a global 
challenge, and changes in singular localities may not produce the effects the 
climate crisis challenge requires (V). Furthermore, transitions-in-the-making can 
be rather uneventful and, thus, difficult to grasp for both policy makers and private 
companies concentrating on immediate returns (Hughes et al. 2013).  

Nevertheless, decarbonization is not the only agenda pressuring energy sector 
innovation systems – there are also enduring challenges of energy security (Skea 
et al. 2011) and the potential for green growth, as mentioned before, following the 
Porter hypothesis (Porter 1991; Porter and van der Linde 1995). This, however, 
has also been associated with free market environmentalism (Cotugno and Seltzer 
2011) and business-oriented goals (V). Furthermore, the energy 
security/vulnerability agenda may conflict with the economic agenda: for 
example, while much celebrated smart grids may create possibilities for saving on 
the demand side and facilitate better real-time control over transnational energy 
flows and fluctuations from new, unstable renewable energy sources, they 
simultaneously increase the dependence on electric power supply and ICT 
infrastructure, which can fail and be hacked (Lagendijk and van der Vleuten 
2013). Thus different goals tend to compound in developing energy technologies 
(see also the argumentation in II; III; IV; V). As such, energy systems present us 
with a truly super wicked problem as there is a need to re-orientate highly path-
dependent energy systems with high levels of incumbent power which is heavily 
reliant on fossil fuels (Levin et al. 2012; Carlson and Fri 2013). Consequently, 
policy feedback loops causing path-dependency can undermine sustainability 
goals (Weaver 2010, 137; see also in the context of specific cases in II; IV; V). 
Thus, there is a need for a new approach to understanding transitions in energy 
systems that in unison accounts for the technological development and politics 
within the energy system and the social-economic impact of the former (on the 
economy, sustainability and security). The narrative of sustainability – 
sustainability transition – of energy production and demand seems to be key, 
because it highlights the underlying processes of regulatory change, policy-
making and technology legitimatization currently happening in the energy sector 
(Markard et al. 2015). Nevertheless, sustainability transitions present many 
challenges to policy makers (Turnheim et al. 2015):  
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(1) they cross multiple scales, geographies and temporalities; 
(2) there is a high level of uncertainty connected to radical innovations, 
which makes predictions imprecise; 
(3) there can be a high level of inertia connected to existing socio-
technical systems; 
(4) there are many competing public goods and social objectives that 
innovation needs to fit with (e.g., decarbonization, energy security, 
economic growth); and lastly, 
(5) the governance processes of socio-technical change are complex and 
frequently contested (ibid., 240-242). 
 

Consequently, transformative processes in the energy sector are characterized by 
high levels of uncertainty across different dimensions. Energy technologies are 
historically very slow to diffuse (Grubler et al. 2012), and it is by no means clear 
which energy technologies will prevail in the future low-carbon mix (Skea et al. 
2011; Hoggett 2013; 2014); hence, policy makers want to keep energy systems 
open for options (e.g., Ekins et al. 2011). It is difficult to identify which 
technology pathway will be the most effective, even if there are a variety of low-
carbon technologies already available (e.g., Hoggett 2014). Efforts to directly 
control technological development can produce unintended effects from hype, 
slow development, cut-throat competition with incumbents and alternative 
solutions to also rapid, unforeseen diffusion (e.g., Deetman et al. 2015; see also 
IV; V). Furthermore, energy sectors are largely infrastructure-dependent (see 
discussion in IV), which means that for sustainability transitions to be successful, 
the nature of the governance challenge in transforming large-scale and complex 
infrastructure systems needs to be understood (Bolton and Foxon 2015). This 
means that there are very different actors from the side of both production and 
consumption of energy and beyond – utility companies, energy sector regulators, 
policy makers and end users – involved with the process (Smith et al. 2010). 
Consequently, policy complexity in the energy sector is very high: the global 
energy system is characterized by interconnectedness (various feedback loops, 
complex networks), unpredictability, nonlinearity, path dependency and openness 
(boundaries of the system are not always clearly defined) (see Cherp et al. 2011). 
Energy systems can spectacularly adapt to external pressures – e.g., climate goals 
– while preserving their inner structures. As mentioned above, as part of the super 
wicked problems, incumbents causing the problem are eager to be involved in 
solving the former, but this in many cases means “sailing effects” of fossil fuel 
technologies (V). Therefore, it is not surprising that fossil fuel subsidies totalled 
$550 billion globally in 2013 – more than four times those of renewable energy 
(IEA 2014). This is holding back investment in energy efficiency and renewable 
energy technologies and the diffusion of the latter (IV; V). 

Policy makers need to, therefore, intentionally design policies that “stick … but 
are not stuck” (Jordan and Matt 2014, 233). System resilience, adaptability and 
flexibility are brought out as key to create a space to adjust policies and deal with 
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unforeseen effects (Grubler et al. 2012). In this line “adaptive policy making” has 
emphasized reflexivity in complex and uncertain environments – thus, especially 
putting the focus on policy learning, experimentation (Marchau et al. 2010) and 
also “applied forward reasoning” (Levin et al. 2012). Thus, learning processes 
should be a central feature in policy-making processes in energy technology 
innovation systems (Rogge and Reichardt 2015). However, the reality of policy 
contexts and existing policy capacities does not usually meet these demands. 
Often policies in the field of energy transitions are not well coordinated, due to 
the adoption of multiple sets of niche strategies encompassing different 
technologies and economic sectors (Costantini and Crespi 2013; II). Furthermore, 
the same policies even in the same sector can be used to pursue different ends – 
e.g., reduction of greenhouse gas emissions and energy security (Costantini et al. 
2007; II). Taking these various policy legacies and complexities on board, the 
next sections will outline an analytical framework to approach energy technology 
innovation systems from a transnational perspective. 

 

INNOVATION IN THE ENERGY SECTOR – A SYSTEMIC APPROACH 
 

There are many different research approaches applied to the study of innovation 
within the energy sector. For example, transition pathways are analyzed in socio-
technical transition studies (Foxon et al. 2010; 2013) and broader governance 
studies that put experimentation into the process of transformative change (Wise 
et al. 2014). Winskel et al. (2014) describe these approaches in a matrix of 
orientation and the level of aggregation of the research approach – see Figure 1 
below. The more frequently applied theoretical perspectives are the Multi-Level 
Perspective (MLP) and technological innovation systems4, next to more practical 
technology roadmaps and energy system modelling.5 As transitions pathways are 

                                                 
4 MLP as part of socio-technical transition analysis specifically differentiates three levels 
– niche, regime, landscape – in the analysis of technological transitions. The niche creates 
the networks and learning environment, the regime the rule-set defined by institutions and 
infrastructure, and the landscape includes the factors connected to the diffusion of a 
technology (see, e.g., Markard and Truffer 2008). While TIS concentrates mostly on 
drivers and barriers of innovation diffusion, MPL addresses technological change as 
assimilation of new technologies within a social process on multiple levels (Safarzyńska 
et al. 2012, 1014). Some studies explicitly integrate TIS and MPL approaches (e.g., 
Markard and Truffer 2008; Hellsmark 2010; Meelen and Farla 2013). 
5 Methods used in these approaches – e.g., retrospective analyses (sociotechnical 
transitions), detailed assessments of the future (e.g., initiative-based learning) and future 
scenarios (quantitative systems modelling) – are all rife with challenges when it comes to 
their relevance to policy-making (Turnheim et al. 2015). For example, both sociotechnical 
transition analysis and also TIS analyses are retrospective in nature, meaning that policy 
insights are derived from past experiences with governance and institutional patterns 
(Nilsson et al. 2012). 
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the result of interactions between multiple levels of structuration in socio-
technical systems (Jacobsson and Bergek 2011), it is difficult to control actors’ 
behavior and processes or account for the level of uncertainty with so many 
different elements. With so many interdependencies, innovation systems analysis 
seems to be the most appropriate; some have even started to actively incooperate 
the sustainable transition agenda into the approach (ibid.; Smith et al. 2010). The 
main premise of innovation systems literature is that it is impossible to evaluate a 
component of the innovation system without seeing its fit with other structural 
elements and the innovation process. In effect, the approach looks at (also 
institution-driven) capabilities and their fit and effect on innovative performance 
within these systems (Lundvall et al. 2011). 

 

Figure 1. Research approaches for energy system analysis 

 

Source: Winskel et al. 2014, 101. 

 

At the same time, innovation systems analysis is conceptually very heterogeneous 
(see Gault 2007; Soete et al. 2010). There are different approaches to innovation 
systems: national innovation systems (NIS) (Lundvall 1992; Nelson 1993; Edquist 
1997) – both broad and narrow –, regional innovation systems (RIS) (Cooke et al. 
2004), sectoral innovation systems (SIS) (Malerba 2005; Dolata 2009) and the 
aforementioned technological innovation systems (TIS) (Carlsson and 
Stankiewicz 1991; Johnson and Jacobsson 2001; Hekkert et al. 2007). Many 
researchers do not consider these different perspectives to be either-or approaches 
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to innovation systems, but see them as interlinked and embedded systems of 
innovation (Markard and Truffer 2008). For one, both innovation systems 
approaches – especially TIS – and also MLP (built on socio-technical transitions) 
are often used together in the study of transition management and strategic niche 
management (Geels and Schot 2007; Markard and Truffer 2008; Smith et al. 2010; 
Geels 2010). Thus, TIS as part of the sustainability transitions analysis can be seen 
as a multi-level approach with multidisciplinary tendencies with substantial cross-
overs from other theories (e.g., Markard and Truffer 2008). This has been called 
the “Dutch School” of transition research, usually mixing historical macro-
perspectives with actor-based, micro-economic and institutional foundations 
(Grubler 2012, 10). 

Consequently, among different innovation systems approaches, TIS scholars have 
been the most frequent to adopt their framework for the study of socio-technical 
transitions (e.g., Markard and Truffer 2008; Markard and Hekkert 2013). This is 
not entirely surprising as TIS is the most frequently applied innovation systems 
analysis framework in the field of energy and clean technologies (Truffer et al. 
2012; Markard et al. 2012). Using the TIS framework, Gallagher et al. (2012) have 
specifically coined the concept of energy technology innovation system (ETIS), 
which should cover all different elements of energy systems (both supply and 
demand): including technological development cycles, innovation processes, 
feedbacks, actors, institutions and networks.6 Nevertheless, originally the TIS 
framework was not meant for transition studies (Carlsson et al. 2010). This creates 
new challenges for the innovation systems approach. These will be outlined after 
the short delineation of the conceptual background of the approach. 

 

TECHNOLOGY INNOVATION SYSTEMS APPROACH 
 

At its theoretical core, TIS applies the traditional technology life-cycle 
perspective. Carlsson and Stankiewicz (1991, 111) provide the first definition of 
a technology innovation system as a “network of agents interacting in a specific 
economic/industrial area under a particular institutional infrastructure or set of 
infrastructures and involved in the generation, diffusion, and utilization of 
technology.” Similar to the Dutch school of governance, the approach 
concentrates on distributed agency and learning/feedback effects in a network-
based model: the main structural components in TIS are actors, networks – source 
of agency – and other passive elements (Wirth and Markard 2011). Actors can be 
both individuals and organizations (research institutes, public bodies, etc.) or 

                                                 
6 ETIS is supposed to identify patterns across different technologies and contexts, and in 
its first adoptions it tries to avoid the functional approach, discussed in detail below, which 
prescribes many hypotheses to TIS analysis (Grubler et al. 2012; Winskel et al. 2014). 
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networks of actors such as value chains (Bergek et al. 2008a).7 In essence, the TIS 
perspective is primarily a meso-level approach with structures and functions on 
the technology system level (Markard et al. 2015, 82; Kukk et al. 2015, 47; see 
further argumentation in Hekkert et al. 2007). This is seen as more empirically 
“manageable” compared to national, regional or sectoral systems of innovation 
that primarily operate on the macro-level. Saying that, at its theoretical core, TISs 
can be delineated over several different dimensions (Bergek et al. 2008a): 

(1) breadth of technological field; 
(2) vertical scope (value chains); 
(3) spatial focus (local, regional, national, global) and 
(4) knowledge fields or product-based approaches. 

The main relationships that TIS scholars concentrate on in IS analysis are: first, 
essential differences between systems (due to different structures); second, the 
creation of variety and non-linearities (due to systemic interaction and cumulative 
causation); and third, rigidity and path-dependency (due to structuration) 
(Markard et al. 2015, 80-81). The latter two relationships hint that TIS specifically 
has been concerned with the growth of new systems – technological niches –, thus, 
also in the field of energy studies TIS scholars have been predominantly engaged 
with the emergence of new renewable energy technologies (Bergek et al. 2008b). 

Due to prior critique over methodological confusion (along with other IS 
approaches), technological innovation systems have recently taken a more a 
“problem-oriented heuristic” approach (Wieczorek et al. 2015, 130). This has 
manifested itself in the much applied functional approach to innovation systems 
(Hekkert et al. 2007; Bergek et al. 2008a; Hekkert and Negro 2009; Markard and 
Truffer 2008; Markard et al. 2009), and many have proceeded to measure the 
strength of those functions in practice (e.g., Negro et al. 2007; Bergek et al. 2008a; 
2010; Bleda and Del Rio 2013). TIS also includes market formation explicitly as 
one of the key functions within the approach (usually not discussed in detail in 
other IS perspectives) as it deals with the growth of emergent technologies – a list 
of functions based on Hekkert et al. (2007) is presented in Table 1 below.8 
However, most of these functions are specific to the formative phase of 
technological innovation systems, because most TIS studies concentrate on the 
former (Bergek et al. 2008b). Although some works also examine the more mature 
phases of TLCs (e.g., Karltorp 2014), this has not been incorporated in the 
functional approach yet, so, the problems/functions cannot be applied to, for 

                                                 
7 The TIS perspective was primarily developed to extend and complement micro-level 
studies in business and management literature (Jacobsson and Bergek 2004). Although 
there are researchers who engage with the micro-level determinants of TISs – network 
formation and coalitions, creation of collective resources, market creation etc. (e.g., 
Musiolik et al. 2012; Kukk et al. 2015) –, this has not been the main focus of analysis. 
8 A slightly different list of functions or key processes has been suggested by Chaminade 
and Edquist (2010). 
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example, technologies in decline (Kivimaa and Kern 2015). For instance, also in 
the growth phase of a TIS other functions may become more prevalent, e.g. 
resource mobilization – human, financial capital, natural resources and 
infrastructure – can become critical (Karltorp 2014).  

 

Table 1. Functions of TIS 

FUNCTION DESCRIPTION 

ENTREPRENEURIAL 
ACTIVITIES: 
EXPERIMENTATION AND 
PRODUCTION 

Creation of new knowledge, networks and 
markets to take advantage of business 
opportunities 

KNOWLEDGE DEVELOPMENT Creation of new knowledge bases, R&D 
variety and mechanisms of learning 

KNOWLEDGE 
DIFFUSION/EXCHANGE 

Exchange of new knowledge among 
different actors to foster new learning 
processes 

GUIDANCE OF THE SEARCH Processes that lead to the convergence in 
development (also as government target-
setter) for new technologies based in 
expectations, consumer demand, societal 
discourse 

MARKET FORMATION Creation of (niche) markets for new 
technologies, with the help of tax regimes, 
demand-based policies, new standards etc. 
to create a competitive advantage 

RESOURCE MOBILIZATION System inputs: allocation of financial, 
human and physical resources to make 
knowledge production possible for a specific 
technology 

CREATION OF LEGITIMACY Due to the uncertainty of innovation, 
technologies require some level of 
legitimacy for actors (political lobby) to 
commit to their development and stand 
against system inertia 

Source: Based on Hekkert et al. 2007, partially adapted from Wieczorek et al. 2013. 

 

In addition to the functions of the formative phases of energy technology 
innovation systems, the TIS perspective also engages with the traditional 
economic “failure” debate, along with other IS approaches; however, it does not 
deal with “market failures”, but “system failures”. These can be characterized as 
interactional problems of actors within the system and institutions that drive them 
(Bleda and Del Rio 2013, 1039). Some argue that in the context of sustainability 
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transitions the main contribution of IS literature is the possibility to analytically 
identify system weaknesses, problems or blocking mechanisms (Jacobsson and 
Bergek 2011). Klein-Woolthuis et al. (2005) identify the following system failures 
connected to structural elements of TIS: institutional failures (related to 
institutions), interaction failures (related to networks), infrastructural failures 
(related to technology and physical infrastructure) and capabilities’ failures 
(related to actors and their ability to absorb new knowledge). See also a broader 
list of system failures provided by Weber and Rohracher (2012) below in Table 
2. They also identify systems failures explicitly connected to transformative 
change, demand articulation, policy coordination and reflexivity (ibid.). 

 

Table 2. Overview of failures in the context of transformative change 

 TYPE OF 
FAILURE 

FAILURE MECHANISM 

MARKET 
FAILURES 

Information 
asymmetries 

Uncertainty and short time horizon of private 
investors lead to undersupply of funding for R&D 

Knowledge 
spill-over 

Public good character of knowledge and knowledge 
spillovers lead to socially sub-optimal investment 
in (basic) R&D 

Externalization 
of costs 

Leads to innovations that can damage the 
environment or other social agents 

Over-
exploitation of 
commons 

Exploitation of public resources in the absence of 
institutional rules (tragedy of the commons) 

STRUCTU-
RAL 
SYSTEM 
FAILURES 

Infrastructural 
failure 

Lack of physical and knowledge infrastructures due 
to large scale, long time horizon of operation, low 
returns on investment  

Institutional 
failures 

Hard institutional failure: shortcomings of formal 
institutions such as laws, regulations, and standards 
(esp. IPR and investment)  

 Soft institutional failure: informal institutions (e.g., 
social norms and values, culture, entrepreneurial 
spirit, trust, risk-taking) hinder innovation 

Interaction or 
network failure 

Strong network failure: intensive cooperation in 
closely tied networks leads to lock-in into 
established trajectories and a lack of infusion of 
new ideas, due to too inward-looking behavior, lack 
of weak ties to third actors and dependence on 
dominant partners 

 Weak network failure: too limited interaction and 
knowledge exchange with other actors inhibits 
exploitation of complementary sources of 
knowledge and processes of interactive learning 
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Capabilities 
failure 

Lack of appropriate competencies and resources at 
actor and firm level prevent the access to new 
knowledge and lead to an inability to adapt to 
changing circumstances, to open up novel 
opportunities, and to switch from an old to a new 
technological trajectory 

TRANSFOR-
MATIONAL 
SYSTEM 
FAILURES 

Directionality 
failure 

Lack of shared vision (goals, direction of the 
transformation process); inability of collective 
coordination of distributed agents; targeted funding 
for R&D, demonstration projects and 
infrastructures to establish corridors of 
development paths; and insufficient regula-
tion/standards to guide and consolidate the 
direction of change. 

Demand-
articulation 
failure 

Lack of demand-articulating competencies: 
insufficient spaces for anticipating and learning, 
absence of orienting and stimulating signals from 
public demand 

Policy-
coordination 
failure9 

Lack of multi-level policy coordination (e.g., 
regional/national/European or between 
technological and sectoral systems); horizontal 
coordination between research, technology and 
innovation policies on the one hand and sectoral 
policies (e.g., transport, energy, agriculture) on the 
other; vertical coordination between ministries and 
implementing agencies (deviation between 
strategic intentions and implementation); and no 
coherence between public policies and private 
sector institutions; no temporal coordination 
(mismatches related to the timing of interventions 
by different actors) 

Reflexivity 
failure 

Insufficient ability of the system to monitor, 
anticipate and involve actors in processes of self-
governance; lack of distributed reflexive 
arrangements to connect different discursive 
spheres, provide spaces for experimentation and 
learning; no adaptive policy portfolios to keep 
options open and deal with uncertainty 

Source: Adapted version of Weber and Rohracher 2012, 1045. 

Functions and system failures alone, however, cannot be the basis of policy 
(Wieczorek and Hekkert 2012). Furthermore, from an evolutionary perspective, 

                                                 
9 One can also differentiate between vertical (between different levels of government) and 
horizontal (e.g., in RTI, sectoral policies and cross-cutting policies, e.g. tax, economic 
policies) policy coordination failures (OECD 2005). There can also be temporal 
misalignment of policy interventions when a variety of policy actors are involved 
(Sartorius and Zundel 2005). 
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many of these “system failures” are just normal parts of the change process. 
Unfortunately, most TIS-based analyses do not go into detail about the 
evolutionary dynamics of IS; they seem to concentrate more on system formation 
rather than its dynamics (Bleda and Del Rio 2013). Applying a very strict failure- 
or function-based policy logic can also enforce linear policy thinking, which has 
been widely critiqued by IS scholars (also in the TIS stream). Moreover, as 
outlined above, TLC differences may also render TIS functions to a degree 
obsolete. Consequently, Jacobsson and Bergek (2011, 45) outline broader 
structural processes connected to the development of energy innovation systems: 

(1) Supply chains: often new supply chains cross various economic sectors; 
(2) Formation of social, political and learning networks (system policy 

maker, user-supplier and industry-academia); 
(3) Institutional alignment; 
(4) Knowledge accumulation (technology as both an output of TIS and its 

structural entity). 

Consequently, transformation challenges are not only dependent on technological 
development, but also the time it takes to build up relevant social support, supply 
chains and capital goods industries. This can be illustrated by the time it took the 
steam engine to find its commercial market or how long it took wind turbines to 
supply a significant part of the energy supply (Jacobsson and Bergek 2011) or the 
fact that carbon capture and storage (CCS) units are still not on a large scale 
integrated into newly built power plants (van Alphen et al. 2010). Many diffusion 
problems connected to energy technologies can, therefore, be connected to gaps 
in value chains (e.g., the lack of adoption of CCS units is associated with the gap 
in the value chain between electricity companies and mines/gas companies, which 
should inject CO2 stored in CCS units into the subsurface; ibid.). This means that 
new technologies and associated industries should be developed in parallel for 
immediate uptake. This, however, rarely happens, because sometimes whole new 
value chains are required for a technology to diffuse (e.g., Hellsmark 2010). This 
is a good impetus to conceptually integrate value chain analysis to the innovation 
systems approach, but before doing so, some additional weaknesses of the TIS 
approach have to be outlined and accounted for. 

 

WEAKNESS OF TECHNOLOGY INNOVATION SYSTEMS APPROACH 
 

Taking into account both the different levels of socio-economic transitions and 
temporality effects, researchers and policy makers have to “zip back and forth in 
time” and “zoom in and out of levels” (Garud and Gehman 2012, 992) to make 
sense of complex energy innovation systems. Most innovation systems research – 
concentrating on national policies, regions or sectors – is in general found not to 
be able to respond to the growing globalization and fragmentation of production 
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(Carlsson 2006; Lundvall 2013). In a multiscalar perspective it becomes 
increasingly difficult to delineate where important actors, networks and 
institutions are located; for example in the case of multinational companies 
(MNCs) (Bergek et al. 2015). Conceptually the TIS approach seems to have an 
advantage in that regard: it can follow the vertical and spatial breath of the whole 
technology field. 

However, also the technology innovation systems approach has some core 
weaknesses in that regard, especially in the way it has been empirically applied. 
As argued before, TIS being a meso-level approach, there can be a danger that the 
approach overlooks crucial micro- or macro-level activities that influence the 
development of the system (e.g., Truffer et al. 2012). Due to an academic 
explosion of the use of the functional framework, there is also a rather myopic 
concentration onto formal problem definitions, inward orientation and lack of 
attention to geography, politics and interaction with other technological 
innovation systems (Bergek et al. 2015; Markard et al. 2015). As such, TIS studies 
often limit their analysis to a single country level (e.g., Negro and Hekkert 2008; 
Hekkert et al. 2007; Bergek et al. 2008b; Hillman et al. 2008). Below we will 
highlight three main critiques – methodological nationalism, lack of attention to 
interactions between different TISs and politics of transition – that in our opinion 
influence the conceptual use of the TIS approach most in creating a spatially aware 
energy innovation system. 

 

Methodical nationalism 
 

While one would assume that technological innovation systems cross 
geographical borders (Markard and Truffer 2008), most TIS analyses assume that 
technological, sectoral and political contexts overlap. This means that most 
analyses assume that TISs are primarily locally embedded; which in some cases, 
in developed countries with large industrial bases and internal markets, may be 
indeed true. Thus, most TIS analyses have focused on the national scale (Coenen 
et al. 2012). This has been associated with the trap of “methodological 
nationalism” (Coenen 2015, 71), which is justified by the importance of national 
institutions for technology development and diffusion and the aim to primarily 
inform domestic technology and innovation policy (Wieczorek et al. 2015, 129). 
However, it seems to severely underestimate the role of other countries and their 
institutional contexts in developing technologies, the importance of global 
markets and the interlinkages between various technologies developed in global 
value chains. Up until recently, international aspects of TISs have been discussed 
under the broad term of “exogenous forces” without a clear delineation of their 
impact (Coenen and Truffer 2012; Markard et al. 2012). For example, countries 
can react to exogenous pressures strategically, and this is not only a one-way 
interaction (for example think about different actors and their influence on 
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pipeline politics (see references in Van der Vleuten and Högselius 2012). While 
climate policy literature acknowledges constituency pressures and political 
constraints (e.g., Hovi et al. 2009), these are not studied in the context of 
technological innovation systems. 

Especially in varying geographical contexts, where TISs are not that well 
developed with small markets and a small number of actors (contrary to most prior 
studies of national TISs that have entered the growth phases with already well-
developed supply chains, defined products and emerging consumer bases), these 
“exogenous forces” might wreak the most havoc (also Bergek et al. 2008b; 
Coenen and Truffer 2012). With this, the perspective has neglected to account for 
the possible interconnectedness with other innovation systems – national, regional 
and sectoral (Jacobsson and Bergek 2011).  

 

Interactions between technology innovation systems 
 

Although it is usually assumed that TISs are located within broader structures and 
dynamics of specific sectors in the economy (also due to its connection to the 
concept of socio-technical regimes; Smith and Raven 2012), TIS has been 
previously criticized for the lack of interaction with other socio-technical systems 
and technologies both emerging and mature (ibid.; Wirth and Markard 2011). This 
is important both on the energy company level and also on the industry level10, 
because technological diffusion does not depend on stand-alone technologies 
(Adner 2006). Interaction of multiple technological innovation systems needs to 
be taken into account with varying technology lifecycles, system maturation and 
possible decline. New technologies are often fundamentally different from 
existing technological structures (Musiolik et al. 2012). This requires a more 
cyclical, evolutionary understanding of innovation systems development. 

Technological mix within the energy sector affects R&D and innovation (e.g., 
Salies 2010, Sterlacchini 2012), and especially in the transition perspective (for 
the whole energy sector to change) multiple TISs need to interact (Sandén and 
Hillman 2011). Recent contributions try to account for the former by describing 
the interaction of different TISs in different modes (Wirth and Markard 2011; 
Sandén and Hillman 2011). Especially when talking about TISs as part of the 
transition process, other relevant technologies in the broader innovation system 
need to be considered. As such, different TISs can have an integrative, 
                                                 
10 For example, on the company energy technology portfolios, if nuclear and fossil energy 
technologies are dominant technologies, then it seems to impede radical innovation in 
renewable technologies, while with hydro-electric energy the effect seems to be opposite 
(Markard and Truffer 2006; Salies 2010). Thus, incumbent companies within the energy 
sector may not be the best firms to implement radical innovations (Watson 2008), 
especially when their dominant technologies are nuclear or fossil fuel related. 
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symbiotic/co-dependent (interrelated), competitive or even parasitic relationships 
(ibid.; Truffer et al. 2012). Consequently, different TISs and value chains can also 
conflict – for example, there can be fierce competition for natural resources (e.g., 
biomass is a raw material for both established industries and also emerging 
technologies, bio-methane technology; Wirth and Markard 2011). This is 
especially so, because established industries are often not willing to pursue radical 
innovations (Dosi 1982; IV) and usually, established market incumbents try to 
hold onto the current system and technological standards (Smink et al. 2015). 
Thus, Costa-Campi et al. (2014) show that financial barriers are not the 
determinant of R&D investments in the energy sector, while market domination 
by established incumbents has a significant negative influence on innovation. 
Consequently, networks and interactions between TISs can be both too weak 
(inhibiting knowledge-sharing) or too strong, causing lock-in (Weber and 
Rohracher 2012; Wieczorek and Hekkert 2012). 

For the TIS perspective to gain depth as a framework more cross-disciplinary 
research should be done. One must be very careful in drawing the technological – 
and territorial – borders of TISs, and Bergek et al. (2015) argue that it would be 
beneficial first to identify the global set of TIS elements and then to move onto 
the spatial delimitation of the subsystem of the global TIS that describes the most 
important interlinkages. Hence, the identification of TIS boundaries also within 
the energy sector cannot be uniform and follow case-by-base analysis (Coenen 
2015; Markard et al. 2015). Recently works on interlinkages and parallel 
development of several TISs have started to emerge (e.g., Suurs and Hekkert 
2009; Sandén and Hillman 2011; Wirth and Markard 2011), and some works have 
analyzed the ties of TIS with the broader policy setting (e.g., Kivimaa and 
Virkamäki 2014; Markard et al. 2015). 

 

Politics of transition and energy 
 

Politics and policy processes are in general weakly conceptualized in technology 
innovation systems analysis and also transition management analyses (Smith et 
al. 2010; Coenen and Díaz López 2010; Weber and Rohracher 2012; Turnheim et 
al. 2015; Kern 2015). Concepts of power, politics and agency have been recently 
integrated into transition management (Avelino and Rotmans 2009; Meadowcroft 
2009; Geels 2014; Weber and Rohracher 2012; Truffer et al. 2015); however, they 
are rarely studied or highlighted in empirical cases. As such, political 
circumstances that are supportive to TISs and sustainability transitions are often 
left unexamined by TIS scholars (Markard et al. 2015). Usually the assumption is 
that faced with “obvious” global challenges some consensus will be reached, but 
assuming this, many questions are left unanswered. How are societal or transition 
goals determined? How are resources allocated? How are decisions enforced? The 
political process in which these questions are answered is characterized by a 
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plurality of opinions and discursive struggles (see V). While the TIS framework 
argues for non-neutral innovation policies, it does not explain how, under 
conditions of scarce resources, choices between different options are made 
(specialization versus diversity) (see Watson 2008). At the same time, scarce 
resources can be important drivers of structural innovation policies (Smith et al. 
2010; Weber and Rohracher 2012). 

It is clear that different actors – including companies, civic society etc. – can 
influence or even manipulate political institutions in the regulative process by 
building up expectations and creating their own legitimacy in political debates 
(Smith and Raven 2012; see also Högselius 2009a in the context of nuclear 
power). Stakeholders act across different policy arenas and influence the process; 
especially large companies are very skilful in the art (see, e.g., Högselius and 
Kaijser 2010 in regard to electricity deregulation in Sweden). Thus, power and 
agency matter for the formation of transition visions and also the capacities to 
fulfil the former: e.g., Weber and Rohracher (2012, 1043) juxtapose decentralized 
power supply with the prevailing centralized large-scale energy supply model to 
exemplify the fact that any reconfiguration within the current energy supply 
system needs to account for the interests and power of dominant utility companies. 
Hence, the market and political power of different actors within the IS matters for 
transition efforts and for the level of resistance to the deployment of new 
technologies (Geels 2014). Thus, dominant policy networks and coalitions can 
both support or stand in the way of TISs in the energy system (Kern and Smith 
2008; Markard et al. 2015). Henceforth, there is a need to understand how actors 
shape innovation systems and their institutions, including policies. Also the recent 
innovation policy mix literature has emphasized the need to understand policy 
processes in how they affect technological change and potential policy-mix 
effectiveness (see Flanagan et al. 2011; also Reichardt and Rogge 2015; 
Costantini et al. 2015 in the context of environmental technologies). Simply put, 
there can be various political strategies and policy rationales (as outlined above) 
at play in the transition of energy sectors (Wesseling et al. 2014). 

One can even question how normative TIS-based analyses (generating evidence 
in support of specific technologies; Bening et al. 2015) are and whether this is 
actually useful in analyzing transition processes.11 TIS studies analyze the impact 
of policies on the performance of, most often, specific renewable energy 
technology systems (Foxon et al. 2005; McDowall et al. 2013). As TIS analysis is 
usually applied to emergent technologies it is found to take the existing inertia 
from incumbent socio-technical systems as given, and it does not explain the 
                                                 
11 There is some disagreement about what policy makers actually expect from academia 
as input for innovation policies concerning systemic problems. Usually academia does not 
provide detailed policy solutions, but analyzes interdependencies and systemic problems 
which can also make TIS-based policy recommendations broad and rather generic (Bening 
et al. 2015). However, it has been argued in many cases that academia should not be called 
on to make political decisions (Shove and Walker 2007; Stirling 2010). 
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reasons – politics – behind it. Thus, the TIS approach has also been critiqued for 
its suitability for transition analyses (Geels 2011; Kern 2015). 

Overall, innovation system analysis needs to also address the “politics of policy” 
(Jacobsson and Bergek 2011, 55) or the “politics of transitions” (Lawhon and 
Murphy 2012): this means that not only should the effects of policy be attributed 
to technology outcomes (as is usually the case in empirical TIS analyses), but also 
that the process of legislative/policy change and external influence should be 
examined together with the competences of policy makers. Furthermore, the 
significance of political beliefs, power structures, processes of politics and even 
differences in democracy12 to TIS becomes clear when global TISs are analyzed 
in different national contexts (Bergek et al. 2015, 60). There is very little 
information about how variation in context structures (influence of history, 
economic structures and cultural preferences) affects TIS development, policy 
design and transition pathways. As such, considerably different issues may rise in 
industrialized, emerging and developing economies in terms of TIS development, 
which would probably also influence the dominant functional approach of the 
framework (Blum et al. 2015). 

Some attempts have been made to integrate the issues connected to policy learning 
and governance into the TIS approach. Nevertheless, these approaches have been 
rather broad, emphasizing “systemic reflexivity” (Fogelberg and Sandén 2008, 68; 
see also van Mierlo et al. 2010) – as the ability to acknowledge diversity of 
patterns of societal policy-handling, experiment, monitor and learn and alter 
policies based on feedback from outcomes – or by broadening the TIS approach 
by including “regimes” and “landscapes” from the MPL-framework (as a 
conceptual justification to look at higher level problems – incl. governance 
arrangements – within the approach; Hillman et al. 2011). For reflexivity, higher-
order learning spaces have to exist where policy makers reflect on different 
condition and outcomes (ibid., 336). Thus, policy makers need to balance between 
both long-term signals and commitments but also work on the modulation of 
interventions and their timing, taking into account the dynamics of different 
technologies (e.g., experimentation, sunset clauses, degressive support) 
(Turnheim et al. 2015, 241). 

 

GEOGRAPHIC TURN OF TECHNOLOGICAL INNOVATION SYSTEMS 
 

Initial contributions to the TIS framework emphasized that technological 
development crosses spatial boundaries (see, e.g., the dimensions outlined by 
Bergek et al. 2008a presented above), thus, distinguishing the approach from other 

                                                 
12 See Lijphart (2012) on patterns of democracy; also literature on the effects of varieties 
of capitalism in Hall and Soskice (2001). 
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innovation systems approaches (Carlsson and Stankiewicz 1991; Carlsson 1997). 
However, due to the aforementioned bias from “methodological nationalism” 
(Coenen 2015, 71) this perspective on technological development was not studied 
in great detail. Recently there has been a “geographic turn” in transition studies 
(e.g., Truffer and Coenen 2012; Hansen and Coenen 2015; also in the urban 
context, Hodson and Marvin 2012) – the emergence of “geography of transitions” 
(Smith et al. 2010) or “geography of innovation” (Asheim and Gertler 2005). This 
does not mean that national analyses should be abandoned for the global or 
European scale, but the mix of local, national and transnational dynamics 
connected to energy transitions should be studied (Van der Vleuten and Högselius 
2012). 

Slowly it has been acknowledged that outside of the selected country or region, 
there can be other foreign or global parts of the TIS that contribute to the 
performance of the system. Especially in sustainability transition analyses the 
variation and spatial distribution of structural configurations of IS has been noted 
(Berkhout et al. 2011; Dewald and Truffer 2011; Späth and Rohracher 2012; 
Truffer and Coenen 2012; Raven et al. 2012; Truffer et al. 2015). In some works 
also the transnational dimension of the TIS framework has been outlined (e.g., 
van Alphen et al. 2008; Coenen et al. 2012; Gosens and Lu 2013; Hansen and 
Nygaard 2013; Binz et al. 2014; Schmidt and Dabur 2014; Bento and Fontes 2015; 
Gosens and Coenen 2015). 

This theoretical development has been led by the input from evolutionary 
economic geography (see overview in Hansen and Coenen 2015). There are two 
types of studies: one that adopts the “proximity” school of economic geography 
influencing network formation (e.g., Coenen et al. 2010), while others concentrate 
on the social nature of space – relational geography (Raven et al. 2012). In the 
first approach, “proximity” is not only defined in terms of geographical closeness, 
but also as cognitive, organizational, social and institutional proximity (Boschma 
2005; Ponds et al. 2007; Frenken et al. 2009). In this line, broader socio-
institutional and cultural setting is very important in developing working 
innovation systems across (national) boundaries (Trippl 2010). Thus, cross-border 
synergies result from the co-existence of high levels of functional proximity 
(innovation abilities and knowledge-generating capacities) and optimal levels of 
cognitive distance (related variety) in both economy and wider knowledge 
production system (Lundquist and Trippl 2013). This can also facilitate or hold 
off transnational innovation policy formation (see further argumentation in 
Tõnurist and Kattel 2015). 

Being sensitive to local collaborations, local embeddedness – which has been the 
focus of TIS and other IS analyses before – does not mean that international and 
global relationships do not have an important part in technological development 
(in the case of developing sustainable technologies, see Carvalho et al. 2012). 
Hence, there is a dual focus in evolutionary economic geography on both the local 
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buzz and global value chains (Bathelt et al. 2004). Consequently, based on the 
input of economic geographers, Coenen et al. (2012) bring out two different 
elements of territorial embeddedness: institutional embeddedness and 
transnational linkages. While institutions also tend to internationalize, in many 
cases they remain territory-specific; while in global production networks (GPN), 
value chains become increasingly international and modular. From a socio-
cognitive perspective, Fontes et al. (2015) specifically argue that actors in these 
networks and value chains – both local and global – spatially ground TISs. 

Consequently, innovation does not only depend on the local embeddedness of 
companies in specific localities, but also on the ability of actors to access assets 
from global networks and different territorial contexts (see Bergek et al. 2015). 
This also introduces questions of interaction of different national TISs which may 
technologically be complementary, but in industrial policy perspective may be 
competing (e.g., PV TISs in both Germany and China; Quitzow 2013). Here, 
important questions are how multiscalar TIS dynamics can be analyzed within a 
specific country and how to note when and how manufacturing and market parts 
of the value chain start to follow spatially different routes (Bergek et al. 2015, 59). 
These issues can cause serious legitimacy problems within national policies 
financing national TIS (see, e.g., Dewald and Truffer 2012). For example, the 
development of renewable energy technologies can impose high financial burdens 
onto taxpayers that may create public resistance (O’Keeffe and Haggett 2012), 
especially if the returns from the investment do not manifest in the country in 
question. Consequently, it is important to understand hierarchical power 
relationships and value creation within these multiscalar processes. It may also be 
possible that some elements will remain outside of the control of regional 
authorities and national governments, and also these limitations need to be 
acknowledged in order not to waste resources on ineffective measures. Especially 
from a relational perspective mostly sustainability transition scholars have studied 
the influence of various decision makers on different scales and global relations 
on the transition processes (Coutard and Rutherford 2010; Hodson and Marvin 
2009; 2010; Binz and Truffer 2011; Späth and Rohracher 2012). 

This introduces new topics to the TIS analysis, including value chains, knowledge 
flows, collaborations, location of “innovative hot spots”, regional variation in 
innovation contexts and also the role of cities in emerging technologies (Markard 
et al. 2015, 84). The geographic turn in transition studies also highlights the 
importance of the geographic and cultural context for technological development 
and the resulting institutional embeddedness. Hence, technological pathways to 
energy sector transitions can be different in different localities and also dependent 
on networks established on varying scales. This brings forth the 
interconnectedness of different socio-spatial scales: global, national, regional and 
local. Furthermore, socio-technical transitions span not only different scales – 
territorial, cultural, organizational and jurisdictional – but also temporal 
dimensions (Wiseman et al. 2013). In a recent article, when comparing TIS’s and 
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MPL’s approaches to energy systems, Winskel et al. (2014) arrive at broader 
nested hierarchies in energy systems (see Figure 2 below). The higher in the 
hierarchy, the more difficult it is to change the structural architecture of the system 
(Safarzyńska et al. 2012, 1013).  

 

Figure 2. Nested hierarchies in energy systems 

 

Source: Winskel et al. 2014, 100. 

 

This is not just important for the development of the TIS framework, but also for 
policy interventions: based on the scale and place of the core elements of the TIS, 
policy interventions can be tweaked (Markard et al. 2015). Different technology 
innovation systems can also differ in their spatial boundaries, for example, some 
can be local, others global, and they can also be intertwined with each other (Binz 
et al. 2012; 2014). Consequently, there is a need to analyze how geographical 
contexts matter and why, and also the transnational linkages that bind different 
technological contexts. Engaging different scales has become increasingly 
important in the context of energy technologies, as was outlined also in the 
sustainability transitions debate. In the following section we will try to expand the 
innovation systems perspective outlined above by including the perspective of 
global value chains into the approach to account for the afore-described 
transnational linkages and power relations. 
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GLOBAL VALUE CHAINS AND INNOVATION SYSTEMS 
 

Local technology initiatives are increasingly connected and interdependent across 
different localities in both national and global networks (Bulkeley et al. 2015; see 
also discussion in Tõnurist and Kattel 2015). Thus, the proportion of international 
technological collaborations is increasingly growing. For example, De Prato and 
Nepelski (2014) report (although using the example of ICT) that the international 
technological collaboration network is more and more dense (125 countries in 
2007 compared to 79 countries in 1996). Although most of the R&D is still 
performed in home countries, there are growing internationalization tendencies 
when it comes to the acquisition of knowledge and resources for technological 
development (Dunning and Lundan 2009). Investigating “green” patents Noailly 
and Ryfisch (2015) find that around 17% of such patents are the result of 
multinational companies investing in R&D outside of their home countries. 
Therefore, for example, industries behind clean-tech technologies are becoming 
increasingly globalized (Nahm and Steinfeld 2014; Huenteler et al. 2014), with 
the core loci of production in China and India and also a part of the R&D moving 
there (Coenen 2015). Consequently, technological development does not stop at 
national borders: local networks (examined in TIS) are – and are further becoming 
– sub-networks of larger international ones – part of the GVCs/GPNs (Coe et al. 
2008; Agostino et al. 2011). 

These processes could be better described by looking at innovation systems and 
global value chains or global production networks together in one approach. Since 
the beginning of the 2000s the GPN and GVC concepts have gathered popularity 
in describing geographical fragmentation and international expansion of supply 
chains (e.g., Gereffi et al. 2001; 2005; Dicken et al. 2001). For a recent review of 
the GVC approach, see Gereffi and Lee (2012) and Gereffi (2014). The GVC 
literature puts the emphasis on international linkages, networks and knowledge 
exchange both in inter-firm and intra-firm relations. Analytical categories that are 
analyzed in the framework are production and trade networks linking large and 
small suppliers and domestic economies, trajectories of social and economic 
upgrading and downgrading (product, process, functional and chain upgrading), 
access and exclusion to GVCs (both firms and countries), roles of lead firms 
conditioning entry and mobility of GVCs, multiple governance structures of 
GVCs (international and domestic, public and private, chain-based and civic) that 
link different components to the international system and shift from trade in goods 
to trade in value added (see Gereffi 2014). 

Among the aforementioned, GVC literature has specifically examined how global 
networks are governed (e.g., Gereffi et al. 2005; Ponte and Sturgeon 2014). 
Usually the governance structures are analyzed along the lines of Gereffi et al. 
(2005) and their five basic types of GVC governance: market, modular, relational, 
captive and hierarchy – see Figure 3 below. The types are identified based on three 
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key variables: complexity of transactions, ability to codify transactions, and 
capabilities in the supply base (ibid.). In these lines, governance structures of 
GVCs and the effects they have on up- and downstream actors have been 
previously widely studied (e.g., Palpacuer et al. 2005; Sturgeon et al. 2008; 
Pietrobelli and Rabellotti 2011; Ponte and Sturgeon 2014). 

 

Figure 3. Five types of global value chain governance. 

 

Source: Gereffi et al. 2005, 89. 
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Table 3. Cross-cutting supply chain issues 

ISSUE IMPORTANCE 
POLICY 
CONFIDENCE13 

Reduction of risk and perceptions of risk, as companies and 
investors are wary of entering a supply chain or scaling up their 
activity, unless they are confident that a supporting policy 
regime is in place 

SUFFICIENT 
SKILLS 

Enough people with the right skill-sets to manufacture, install 
and operate technologies or deliver different approaches 

ACCESS TO 
MATERIALS 

Access to affordable and stable supply of material, as a shortage 
can alter the economics of a technology and impact its 
commercialization 

Source: adapted version of Hoggett 2014, 298. 

 

Most often GVCs are analyzed in the context of specific sectors/industries, but 
also some cross-cutting supply chain issues have been identified (see Table 3 
above). Mostly, however, GVC analysis tends to covers several dimensions – 
input-output structures of activities in the supply chain, geographical 
configurations and institutional context (Bair 2009) – at the same time; and 
usually, with the help of these determinants, the reasoning behind the placement 
and the ability to carry out high- and low-value activities (distribution of financial 
value) in specific industries is advanced (e.g., Dedrick et al. 2010). The value 
thesis can also be characterized more bluntly by “rents” (Kaplinsky and Morris 
2001) – resource rents on the downstream of GVC and Schumpeterian rents in the 
upstream of GVCs. Here the focus point is usually the developmental level and 
exploitative effects of GVCs. Thus, GVC analysis is predominantly applied from 
the perspective of comparing developed and developing, bottom of the pyramid 
countries (Angel and Rock 2009; Berkhout et al. 2009; 2011; Hansen and Nygaard 
2013; Schmidt and Dabur 2014; Huenteler et al. 2014).14 Thus, usually weak GVC 

                                                 
13 The largest challenge to policy makers seems to be the uncertainty inherent to the 
process of innovation. In the energy sector, private companies do not respond to short-
term, volatile policies as the technology development is very expensive and risky (Astrand 
and Neij 2006; Nemet 2010), and investments are associated with very high sunk costs 
(see argumentation in II; III). Thus, policies need to be credible, reasonably stable and 
long-lasting (ibid.; Bosetti and Victor 2011; Jamasb and Pollitt 2015). Specifically in the 
context of TIS, Andersson et al. (2014) argue that policies should counter and minimize 
both unexpected accelerations and tipping points in technological life-cycles with specific 
risks and losses and power struggles. 
14 In this line GVC and innovation systems research have converged in the same direction. 
Also IS scholars have found that innovation systems in developing countries are 
fundamentally different from those in developed countries (e.g., Altemburg 2009). As 
governments in developing contexts are specifically called to build up various capabilities, 
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positions – due to weak linkages and low functional proximity – are highlighted, 
and even if countries have strong resource bases, this can lead to vicious circles 
of development due to the dominance of Western firms (Arias et al. 2014). This 
because local companies usually have access only to resource rents and are 
therefore in the domain of diminishing returns. In the context of environmental 
studies, also the distribution of environmental costs is closely scrutinized, and the 
process of “greening of the value chain” is examined (Irland 2007; Faße et al. 
2009). 

As the above shows, traditionally value chain analysis looks at the power 
relationships between various actors. The limitation of GVC analysis is that little 
attention is given to the institutional context beyond the level of development. 
While Coe et al. (2008) argue that also GVC/GPNs are embedded in “multiscalar 
regulatory systems”, systematic analysis of this is still lacking. At the same time, 
the effect of singular policies or regulations on the GVC has been previously 
studied. In a recent paper, Curran (2015), for example, concentrated on the effect 
of EU trade policy on the PV global value chain. Furthermore the effect of both 
public and private standards on GVCs’ strategic choices has been highlighted 
(Coe et al. 2008; Lee et al. 2012; Manning et al. 2012; see also Gosens and Coenen 
2015 – they discuss the effect of transactional actors and networks on the 
formation of clean-tech TIS). While governments and international organizations 
influence strategic choices of GVCs (see, e.g., Sturgeon et al. 2008), how states 
can affect these governance structures is not that well conceptualized (Coe et al. 
2008; Ponte and Sturgeon 2014). While some have recently argued that states’ 
capacity to influence GVCs has decreased (Yeung 2014), there is little empirical 
evidence of the latter beyond sector-based case studies. Hence, GVC research on 
its own is not sufficient to understand how different linkages between localities 
and industries evolve (Sturgeon 2009). However, this does not mean that there are 
no efforts made to expand the approach. 

As with the conceptual adoption of the IS approach (Sharif 2006), OECD has been 
moving into GVC research in the past decade (e.g., OECD 2012; 2015) and has 
recently started to apply country competitiveness factors (broadly under the 
concept of national innovation systems) to GVC research (see, e.g., OECD 2013). 
Going historically further back in the academic debate, also Ernst and Kim (2002) 
looked at GPNs, starting from the innovations systems perspective (although not 
concentrating heavily on the latter dynamics). Pietrobelli and Rabellotti (2011) 
are among the first to go beyond this and look at learning in innovation systems 
together with the GVC approach, albeit also in the context of developing 
countries. While there are not many studies that deal with this issue conceptually 
– as previous TIS studies which have examined the transnational dimension have 

                                                 
networks and knowledge – create learning processes within the systems – and appease 
conflicting interests, governance dynamics are at the core of these systems (Lundvall et 
al. 2011; for the case of energy technologies in Marocco, see also Vidican 2015). 
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put the attention outside the value chain – during the last Globelics conference (in 
2015, Havana, Cuba) in a joint session with other participants, Bengt-Åke 
Lundvall and Gary Gereffi discussed the possibility to combine the innovation 
systems perspective with the global value chain perspective. In this line, 
Jurowetzki et al. (2014) called for the end of “intellectual tribalism”, showing 
through bibliometric analysis how innovation systems analysis and GVC 
approaches have overlapped in the past decade. 

Furthermore, it seems that as TIS scholars have matured with the technologies 
they have studied (predominantly in the field of renewable energies 
technologies)15, they have also had to expand the approach (see Markard et al. 
2015). As outlined above in the “geographic turn” of TIS research, this has called 
the attention of TIS researchers also to international knowledge flows (Binz et al. 
2014), global value chains (Dewald and Fromhold-Eisebith 2015) and also 
recently interactions between up- and downstream parts of TIS value chains in 
different localities (Bento and Fontes 2015). See, for example, the simple model 
proposed by Dewald and Fromhold-Eisebith (2015) in Figure 4 below, accounting 
for TIS formation and the scale of its development processes (we are, however, 
slightly skeptical of this model, as the core idea behind the TIS approach is that 
TLCs differ and thus, so do the tasks and operations in different phases of systems 
formation). 

 

Figure 4. Model of multiscalar and dynamic TIS formation 

 

Source: Dewald and Fromhold-Eisebith 2015, in press. 

 

Nevertheless, adopting technological complexity on the component level and the 
value chain level is difficult (e.g., Blohmke 2014 discusses this in the context of 
renewable energy pathways). Value chains differ across technologies and their 

                                                 
15 Typically the importance of private actors increases with the maturity of technological 
innovation systems (see Suurs and Hekkert 2009). This also includes MNCs with GVCs. 
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maturity levels, consequently, also the roles different actors can play in them vary 
(see, e.g., Hoggett 2014 for a comparison of nuclear and PV value chains). Hence, 
positions in value chains – downstream or upstream (in specific TIS) – can 
influence the innovation activities (R&D, nature of technology transfer) 
companies carry out (Mazzanti and Zoboli 2006). Value chains in energy systems 
are especially complex, involving many different actors, technologies, fuel 
sources, operating at different locations and scales, and they are shaped by both 
global and local policies, rules and regulations (e.g., Hoggett 2014). There can be 
both locally embedded and global parts of GVCs (Huenteler et al. 2014). 
Photovoltaics are a good example of a global value chain with different national 
TISs being part of the downstream (markets, e.g. in Australia), midstream 
(producers, e.g. in China) and upstream (producers, e.g. Germany) parts of the 
industry (Markard et al. 2015, 79). See Table 4 for a brief overview of different 
energy technology GVC characteristics in selected industries. This succinct 
analysis clearly illustrates that even in the same sector and similar industries – PV, 
wind turbines etc. – there are competing technologies with different technological 
trajectories and also GVCs.  
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The conundrum is that while global parts of the value chains influence domestic 
investments and production, most national policies and institutions (apart from 
large economic powers) usually do not affect the global parts of the value chain 
as much (Markard et al. 2015), especially when dealing with countries with very 
small economic power. National policy makers are left to look for windows of 
opportunity to influence GVCs in these parts and work towards international 
standardization and knowledge sharing activities (see, e.g., De Coninck et al. 
2009; in the context of Asian innovation systems, see Chaminade and Vang 2006). 
Consequently, national boarders should not be taken as the starting point for 
analysis. In practical terms, it may be much more enlightening to look at the 
international technological dynamics and GVC dynamics first and then build the 
TIS up from the bottom up. Look at how the actors within the TIS define their 
innovation system and place in the value chain – where the knowledge is 
generated, where the markets are, which location-specific institutions matter to 
various actors, how institutions influence specific actors and their investment 
decisions (see also Wieczorek et al. 2015). At least in theory this should fit with 
the latest innovation policy fad in the EU – “smart specialization” – which is built 
on the “entrepreneurial discovery” approach (Foray et al. 2009); however, the 
technological focus, interactions and possible areas of interest are more complex 
than in the aforementioned policy process. Furthermore, we suspect that the policy 
outcomes of applying multiscalar TIS analysis compared to the smart 
specialization logic will be markedly different, as the first would look at the role 
of local knowledge in GVCs, while the latter starts from local networks and 
advantages. 

Putting things together, the main insight from innovation systems analysis, and 
especially TIS, is that integration and governance patterns of a GVC will be 
influenced not only by firm-level efforts, but also regional and national context 
and underlying technological characteristics (see also Jurowetzki et al. 2014). This 
means that technologies are not only developed in firm-based GVCs, but also 
global research networks. In both cases the hierarchy and power of GVC relations 
should be accounted for – as shown above, this has received very little attention 
in TIS-based or other innovation systems analyses. On the whole, the formation 
of TIS is embedded in the broader context, also higher, nested system levels (SIS, 
NIS). In Figure 5 below we propose a first illustrative model of transnational 
technology innovation systems that could be applied for the analysis of space-
aware, multiscalar energy innovations systems.  
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Figure 5. Transnational technology innovation systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author. 

 

The model describes the hierarchies and relative power in GVCs (e.g., also the 
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influence of the latter on TIS learning. In this perspective, the TIS approach gives 
an understanding of technological dynamics to the conceptual model, while 
GVC/GPN outline the power relations and the capacity formation for international 
transfer of technology (see also Lema and Lema 2012 on the latter point) and value 
flows in transnational linkages. As shown in Figure 5 above, the relationships may 
not be multi-directional and in some downstream states the GVC may impose its 
own operating logic onto technology development, with the states themselves 
having little impact on the nature of the relationship. Furthermore, also 
Schumpeterian rents and value can thus flow outside of the country. As argued 
before, the actors, institutions and networks of innovation systems can be 
structurally coupled with different places and networks and here also MNCs in 
global value chains can play a large role (Jacobsson and Bergek 2011; Bergek et 
al. 2015). MNCs can become conduits through which knowledge and resources 
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circulate across national borders (Wieczorek et al. 2015, 132). This is also 
highlighted in Figure 5. 

To conceptualize energy innovation systems realistically we have to go beyond 
the current state of the analysis, as was shown in the section of TIS weaknesses; 
and indeed the GVC approach forces the innovation systems approach to also look 
at geography, politics and power behind changes in systems. However, the 
understanding of the broader institutional context is weak in both the TIS and 
GVC approaches, thus this specifically has to be kept in mind in future studies – 
we will exemplify the importance of the former with the example of small states 
in the following section. 

 

MULTISCALAR ENERGY INNOVATION SYSTEMS AND SMALL 
STATES 
 

Defining small states the author has argued that the size of the state depends on 
countries’ economic structure, developmental level and geography (core-
periphery relationships) (I). Taking the debate regarding transnational value 
chains and technology innovation systems into account, we can go a step further 
and argue that when it comes to reaping the returns of technological development 
in the field of the energy sector, “size” depends on the “proximity” of countries – 
be it functional, cognitive, geographical etc. – through their positioning in GVCs. 
Taking the TIS perspective on board, distance becomes relative to not only 
geographical scale, but also social, cultural and institutional proximity, which, at 
least to some degree, is dependent on technology – its level of maturity, 
knowledge base, supply chains etc. – and the actors’ place in global value chains, 
their possibilities for different rents. 

Of course “objectively” small states (traditionally by the size of population or 
GDP (I)) will have some difficulty when technologies reach the growth phase and 
require large-scale demonstration projects and production levels. Hence, objective 
size (developmental level, human capital) along with relative size (core-periphery 
relationships) will influence the possibility to create lead markets for technology 
experimentation. Small states may not be able to develop appropriate energy 
technologies domestically (see, e.g., van Alphen et al. 2008), due to a lack of 
critical mass in R&D and markets to test upscaling processes in more advanced 
technology growth phases. Thus, in small states TIS are usually only partial (see, 
e.g., Palm 2015 for the case of the PV TIS in Sweden), and the higher the 
specialization, the more important are regional and global linkages for companies 
(Chaminade and Plechero 2015). At the same time, this does not have to be a final 
blow for the role of small states in transnational energy innovation systems or 
even global-sustainability transitions – national energy technology portfolios can 
be successful if they only produce a few relatively big successes (Scherer and 
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Harhoff 2000; Anadon et al. 2011).17 However, it is questionable where 
technological rents in GVCs will end up if ties with the local industry are very 
thin. 

Nevertheless, as hinted above, market size and R&D intensity of destination 
countries play a role in R&D internationalization (Noailly and Ryfisch 2015). 
Technology diffusion has been connected to relative advantage, size of potential 
market, disruptiveness and existence of antecedent markets, technological 
complexity and infrastructure needs (see Wilson and Grubler 2011; Bento and 
Fontes 2015). Locations matter both in terms of institutional context (Binz et al. 
2012) and also because of the possibility to engage with end-users, experiment 
and create lead markets for sustainability transitions (on the latter see Dewald and 
Truffer 2012; Walz and Köhler 2014; Quitzow et al. 2014). With technology 
maturation core processes extend outside of the local setting (see, in the context 
of Germany and globalization of photovoltaics value chains, Dewald and 
Fromhold-Eisebith 2015). Usually innovation has been found to occur first in the 
central countries – the core – where it passes through experimentation and reaches 
maturity for market commercialization (Grubler 2012). When the initial barriers 
are removed and technologies reach new regions from pioneer countries, then 
international patterns of diffusion can grow significantly (ibid.; Bento and Fontes 
2015). In the full growth phase and the deployment of energy technologies, small 
states will arguably have more difficulties in breaking through to higher levels of 
global value chains, because their demand positions and, thus, market value to 
GVCs are much smaller. This does not, of course, decrease the value of, for 
example, the deployment of decarbonization technologies for the goal of 
sustainability transitions, but in terms of traditional innovation policy rationale, it 
may not be viewed as a positive activity. 

Another opportunity for small states is to create lead markets for the testing of up-
and-coming technologies. Nevertheless, while advanced energy technologies 
exist, it is by no means easy to leapfrog energy technologies (Gallagher 2006) if 
some key knowledge is missing from the value chain. Consequently, the potential 
for lead markets is not uniform and depends on the technological profile and 
existing place-specific capabilities (e.g., Edler et al. 2012). Thus, in very complex 
systems, deploying new technological solutions may be a very super wicked 
problem – there are simply bigger and more vested interests involved within the 
energy system. Small states with less complex structures, closer and more flexible 
networks may be more apt spaces for the creation of experimental spaces18: for 
entrepreneurial action that spurs on learning, technological diffusion and 
                                                 
17 At the same time, public sector energy technology portfolios are not as diverse as one 
might expect, and more than half of the public R&D spending in OECD countries has 
gone to nuclear energy technologies (Grubler and Riahi 2010). 
18 On the flip side, this may also mean that small states can be more prone to energy-
production lock-in due to closer and stronger networks within TISs and, therefore, larger 
control of incumbents. 



 

45 

technological leapfrogging (Mazzucato and Perez 2015). This, for example, could 
give an edge to smaller states in the case of faster adoption of smart grid solutions, 
local, renewable distributed power generation etc.19 Nonetheless, this is heavily 
reliant on existing capabilities and resources and the local legitimacy of such 
actions. Hence, it does not mean that all small states will be capable of 
leapfrogging energy technologies. Sometimes also windows of opportunity can be 
missed in much bigger states – see, for example, a case of missed opportunities in 
Germany in energy efficiency of windows that could have led to development in 
passive houses in Nill and Kemp (2009, 676). Consequently, small countries may 
– under the right conditions – be apt to experiment with new technologies if a 
political consensus can be reached (see also the discussion in I, 14-15). Lead 
markets, for one, can be created through different measures, although also the 
associated risks and uncertainty have to be taken into account.20 

From another perspective, GVCs can create new opportunities for small state 
TISs, especially if their initial activities are connected to higher-value activities – 
R&D or core capabilities of energy technologies, Schumpeterian rents –, as it 
creates new opportunities and expands market horizons. At the same time, it 
exposes small state economies and companies to additional risks and increases the 
information asymmetry (see Gereffi and Luo 2014). Henceforward, what is 
probably the most interesting is that TIS systems in small states will “go global” 
faster (e.g., in larger states such as Germany or the Netherlands, emergent energy 
technology value chains can rely on local industries longer), which means that 
states need to think early on how to hold their positions in global production 
networks not to be swallowed up by larger partners. Figure 6 below illustrates the 
dynamic between international production stages and state size. 

 

                                                 
19 With the spread of sector- and technology-specific policies, the gaps in technology value 
chains have become more apparent, thus also spurring on discussion over demand-side 
innovation policies to encourage experimentation and further development (Edler and 
Georghiou 2007; see also Lember et al. 2015) especially in the scaling-up phase and 
learning-by-doing. On the whole, to reduce emissions from fossil fuels means that 
renewable energy technologies need to scaled up (Grubler 2012), but with it, also social 
practices need to change (Jamasb and Pollitt 2015). More attention is, thus, also put on 
user-led innovation, which may be more manageable in smaller, quickly adapting 
localities. 
20 For example, even if green technologies are becoming more international, local demand 
and environmental restrictions still play a role in spurring on R&D in the related 
technologies in addition to increasing absorptive capacities of incumbent companies 
(Noailly and Ryfisch 2015). For example, Dechezleprêtre et al. (2011) reach the 
conclusion that countries with a stronger climate policy exhibit more patenting for climate-
mitigation technologies. 
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Figure 6. International production stages index21 and size of states (p= 0.0051)* 

 

Source: Author, based on OECD Global Value Chains indicators (stats.oecd.org; accessed 
1 November 2015); *China and India omitted. 

Figure 7. GVC participation index in OECD countries (2009)22 

 

Source: Backer and Miroudot 2013, 12. 

                                                 
21 The index of the number of production stages measures the length of production 
processes when the intermediate inputs for the realization of a final product or service are 
sourced from foreign countries. In this case, the minimum value of the index can be zero 
if all the intermediate inputs required are sourced from within the country (OECD 2015). 
22 Foreign inputs (backward participation) and domestically-produced inputs used in third 
countries’ exports (forward participation), as a share of gross exports (%) 
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GVCs can therefore be a compensatory mechanism for companies coming from 
peripheral areas, i.e. relatively “small” states (Grillitsch and Nilsson 2015). 
Transnational linkages can be used to complement missing resources and 
capabilities on the national level (Wieczorek et al. 2015, 138). Figure 7 above 
shows that small open economies – such as the Czech Republic, the Slovak 
Republic and Luxembourg – source more inputs from abroad from GVCs 
compared to larger countries. At the same time, the GVC participation index is 
less correlated with the size of countries, because while bigger economies may 
not have as high foreign content in their exports, their role in GVC is quite 
significant if intermediates in other countries’ exports are taken into account (in 
the US the respective numbers are 15% to 40%; Backer and Miroudot 2013, 12). 
The positive finding from this debate for small states is that TISs on the local level 
do not need to perform at a high level in the domestic context if their positions in 
GVC are strong; however, in this case also a lot of the control over TIS may lie 
outside of the national border with other countries and also international actors 
(e.g., Gosens et al. 2015). This makes the networks in linking actors across spatial 
levels an important factor for small states. 

As such, national system limitations can be counteracted by TISs and GVCs in 
related countries (Wieczorek et al. 2015, 143), but it does not mean that small 
states can a priori capture value and rents from these value chains. National policy 
makers dealing with energy innovation systems in small states have to decide 
which components of the value chain they want to support locally and what 
regulations to adopt regarding other parts of the value chains outside of the 
country (Blohmke 2014). The main opportunity for states, according to Gereffi et 
al. (2005, 92), is to spur on and allow “local firms to learn how to make 
internationally competitive consumer goods and generates substantial backward 
linkages to the domestic economy.” Consequently, it is questionable if small states 
(both economically and in terms of local sustainability transitions) will benefit in 
their energy sectors from such expansions if the intra-state networks remain rather 
thin. Knowledge spillovers are an important part of the development of new 
energy technologies (see, e.g., in the case of photovoltaic solar energy – Watanabe 
et al. 2002; and wind energy – Lako 2004), and if local capabilities in TIS are 
missing, then the core of activities and thus also Schumpeterian rents, can move 
quickly into transnational networks and end up in bigger innovation hubs. For 
example, recent research on clean technologies shows that developing niche 
clusters is not enough: related variety and branching and combinatory innovations 
are needed for industry development (Frenken et al. 2007; Asheim et al. 2011; 
Strambach and Klement 2013). To conclude, within the multiscalar energy 
innovation systems, the importance of functional distance and related variety is 
essential for small states’ energy innovation systems.  

All in all, it is difficult to provide small states with concrete policy 
recommendations on how to deal with transnational energy technology innovation 
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systems: from the innovation policy perspective governments can search for 
competitive advantage and possibilities for Schumpeterian rents in GVCs for 
locally developed energy technologies or develop test beds for up-and-coming 
niche technologies. In terms of the security agenda this might help to also diversify 
energy supply and demand and deal with vulnerabilities within the system, but it 
can also create new weaknesses within the energy system (e.g., overreliance on 
ICT infrastructures in the case of smart grids). The transition discourse is by far 
the most complex, and it colors much of the aforementioned debate and future 
technological development in the field; however, weaknesses in the 
aforementioned should also be taken into account. Hence, policy-wise small states 
need to balance both self-serving economic and security needs with the need for 
energy transitions. The illustrative model, proposed in the previous sections, will 
hopefully help to highlight the power and role of different actors, also small states, 
in transnational energy innovation systems. 

 

CONTRIBUTION OF THE THESIS TO THE DEBATE 
 
Previous discussion has advanced the academic debate concerning energy 
innovation in a number of ways. First, we have highlighted the conflicting policy 
rationales – sustainability, economic and security-related rationales – governing 
the energy sector. All of the above introduce their own logic to technological 
development in energy innovation systems. Second, we used the technology 
innovation systems perspective coupled with the global value chains discussion to 
build a new model of multiscalar, spatially-aware transnational technology 
innovation systems. By highlighting the main weaknesses of both approaches 
(lack of scale, geography, interaction between technological systems and energy 
politics in the case of TIS; and concentrating solely on firm-level effects and 
discounting the importance of the institutional setting in the case of GVCs) we 
hope to move to a more comprehensive and realistic depiction of innovation 
processes in energy innovation systems. As one of the important scale effects is 
also the size of states that influences the possibility to reap value/rents from energy 
innovation systems, also the case of small states was discussed in the afore-
described model. In this way the argumentation takes a step further from the 
material presented in independently written articles. Nevertheless, the articles 
comprising this body of work also add specific value to the discussion above and 
beyond. 
 
Paradoxically, the journey towards more technologically and spatially-aware 
innovation systems in the field of energy innovation systems started with a paper 
concerned with defining state size in a globalized economic setting (I). Through 
the discussion of the effects of globalization, open economies and GPN and 
MNCs, the relative size of states was outlined. While innovation systems were not 
mentioned explicitly in the paper, many of the underlying assumptions and the 
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cited papers come from this perspective. The article led to the realization that there 
is a large gap in innovation systems analysis when it comes to juxtaposing one 
innovation system with another – seeing them in a synergic, competing etc. 
relationships. The article coincided with the time when innovation scholars started 
to give more attention to the role of developing countries in innovation systems 
analysis (e.g., Altemburg 2009). In the former, governance as a tool for system 
upgrading and building capacities was especially highlighted. Nevertheless, the 
interaction and interdependencies of various innovation systems – and also the 
transnational vehicle of such communications and learning – was still missing 
from the theoretical debate. In TIS this “vehicle” is technology and networks and 
the learning effects that converge around it. Consequently, the definition of 
relational “size” in global economies paved the way to the acknowledgement of 
the technological momentum behind GPN/GVCs and the need to combine the 
aforementioned approaches with the innovation systems perspective. 
 
The following two contributions on state-owned enterprises in the energy sector 
(II; III) were innovative in their own right as both helped to introduce a 
completely new topic to the analysis of public enterprises – namely their role in 
innovation policy management. As argued above, and in the contribution with Dr. 
Erkki Karo (III), governments still control large shares of the global energy sector, 
and many of the largest multinationals in the field are government-controlled 
businesses. Consequently, state-owned enterprises and subnational government 
investments are a large part of the energy sector. What makes these companies 
special is the fact that – as in the cases presented in the articles (II; III) – state-
owned enterprises are basically given free reign over primary resource in the 
energy sector and, thus, also resource rents at the downstream of value chains. In 
many ways in non-renewable, resource-dependent sectors they seem to act 
counter-intuitively to societal sustainability goals, adding to super wicked 
problems (II); some do, however, follow the innovation policy rationales (e.g., 
Statoil, Petrobras since 1980s) and start to act as systemic innovation actors (III, 
14). While most innovation activities in the energy sector are carried out – and 
thus, also Schumpeterian rents are created – outside of the energy production 
section in associated industries, SOEs can have a strong technology-pull 
mechanisms (employing innovation demand measures) to the development of 
energy technologies and whole value chains connected to them.23 Both articles 
(II; III) also show how and why public ownership may provide a better basis for 
long-term investment horizons. 
 
Furthermore, SOEs are becoming MNCs in their own right, making investments 
abroad to take control of value chains, reduce transaction costs (Cuervo-Cazurra 
                                                 
23 Government-supported technology transfer is argued to be not enough for significant 
global energy transitions (Anadon et al. 2011). Nevertheless, energy technologies usually 
diffuse by private means – through licensing agreements, FDI, international trade 
(Gallagher et al. 2012, 151) – also the playing field of SOEs. 
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et al. 2014; in the case of the Swedish Vattenfall, see Högselius 2009b) or, in the 
case of thin and narrow domestic research networks, buy in input from abroad, 
bypassing the domestic system (in the case of Eesti Energia, see II). 
Internationalization can, of course, also be caused by political or economic 
security objectives (Kaplinsky and Morris 2009; Cuervo-Cazurra et al. 2014). 
This is especially true for SOEs in resource-based industries (ibid.). Consequently, 
similarly to MNCs, SOEs can become government conduits in global value chains 
in the multiscalar energy innovation systems described above – in search of 
Schumpeterian rents – in private networks and transnational relationships, where 
(small) states have little legitimacy or capabilities to maneuver. Thus, SOEs can 
facilitate learning and technology transfer in domestic value chains and GVCs (see 
III). As unified units they may also have less coordination problems and 
transaction costs in participation in and with different GVCs. However, what 
sometimes is important is that there is a political mandate for such activities. 
Although SOEs can become independent innovators in their own right (as, to a 
degree, was the case with Eesti Energia; II), it does not mean that they will also 
pursue social sustainability goals in their innovative activities without stimuli. The 
largest state-owned enterprises in the world are largely among the fossil fuel 
producers – oil and gas companies (III) – which means that their interests may 
run counter to sustainability rationales. Thus, the importance of power, politics 
and agency in energy innovation systems can be outlined by looking at state-
owned enterprises in energy innovation systems. Consequently, studying state-
owned enterprises in the multiscalar model of energy innovation systems may 
shed light on many of the issues we have outlined in the prior discussion. 

The peculiarities of small state energy innovation systems in the case of Estonia 
were also outlined in two contributions (II and V). In both cases some of the 
peculiarities of small state innovation systems were highlighted: for example, in 
the case of Eesti Energia the fear of too strong and thin networks (II) and, in the 
context of the climate discourse, the copy-paste adoption of international 
standards and policy momentum was outlined (V). Furthermore, these papers 
show that contextual variables matter and institutional context and interaction 
between different technological innovation systems can really influence value 
changes in the energy sector. The final two papers (IV; V) also serve as a 
cautionary tale in the context of the aforementioned debate of what happens if 
linear policy-making is allowed to run free even if sometimes the final goal – 
countering the climate crisis (V) – is undeniably positive. Global discourses tend 
to generalize, as is the case with the climate crisis narrative, and the technological 
nuances and the underlying assumptions of change seem to get lost. Thus, very 
broad-based narratives of sustainability solutions (V) or market failures (IV) seem 
to create almost coincidental and unintended impacts. This makes governing super 
wicked problems in energy innovation systems very difficult and furthermore, 
engaging and directing energy technology value chains almost impossible. 
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AVENUES OF FUTURE RESEARCH 
 

In the previous discussion the author has proposed a new analytical perspective to 
multiscalar energy innovation systems based on both contributions from 
innovation systems analysis and research done under global value chains. Future 
research could expand the debate by operationalizing the model in practice. At 
first, focusing on a limited number of interlinked national TISs and their position 
within GVCs may be more manageable before describing complete global TISs 
with the associated linkages. Also the aspect of competition between TISs (both 
globally and locally) would benefit from more thorough academic debate. 

Understanding the dynamics of TISs on a transnational level (acknowledging both 
the opportunities and dangers) requires also a much higher level of capacity and 
capabilities from the government. Thus, analysis of state capacities in the context 
of super wicked problems should be advanced. If we also adopt a global, 
multiscalar understanding of technological development, then new insight is 
needed on how to influence the connected GVCs also from the outside (at the 
moment research is mostly concentrated on governance factors in intra- and inter-
firm networks). In many ways studying SOEs in these value chains and their move 
from resource rents to Schumpeterian rents (or creating the basis for these rents in 
connected domestic industries) may be a very illuminating illustration of 
processes and possibilities of engaging GVCs. 

Furthermore, the relationships between and the influence of country-level factors 
of TISs on the international level should be analyzed. As argued above, the 
variation in geography and functional proximity, relative state size, institutional 
differences and economic power can become explaining factors of learning effects 
in transnational innovation systems and thus, also influence technological 
trajectories in the energy sector. Here one cannot discount the overwhelming 
influence of great powers – e.g., China and India – on GVCs. This should be 
analyzed further from the perspective of transnational energy innovation systems, 
especially in the special context of state capitalism in the case of China. This 
highlights the topic which was stressed manifold in the prior discussion: 
multiscalar innovation system analysis needs to account for differences between 
countries and the role of different institutional contexts. Especially on the 
international level, looking at transnational networks and value flows, there is a 
lot of theoretical room to take the argumentation further. 

Specifically for the energy sector, we cannot discount the role of power and 
politics in energy innovation systems. While this is sometimes discussed in the 
context of regulatory reforms towards global climate mitigation, there has not 
been a lot of attention regarding the effects of the latter on both technological 
search and energy technology diffusion in different contexts. Power relations are 
also shaped by the dominant discourse and conflicting narratives; the impact of 
conflicting policy rationales in energy innovation systems, and the (technology-
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specific) governance of super wicked problems needs to be advanced in both 
theoretical and empirical contributions. 

Although this thesis has not discussed in detail new trends of user- and demand-
centred innovations connected to the energy sector – partially influenced by the 
new smart city environments (sharing economy, influence of ICT, smart grids, but 
also distributed energy production networks etc.) –, these present interesting 
avenues for both research and policy in the context of energy innovation systems 
also in small states. As was hinted above, urban environments in small states can 
become test beds for lead markets for experimentation for new energy technology 
solutions in larger, international TISs. 

On the whole, the thesis highlights the need for more research on the co-evolution 
of energy sectors, institutions, global value chains and technology. 
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SUMMARY IN ESTONIAN 
 

Energiatehnoloogia innovatsioonisüsteemid rahvusvahelises perspektiivis: 
väikeriigid, riigiettevõtted ja erinevad poliitikaloogikad 

 

Kliimamuutused on esile tõstnud vajaduse muuta energiasektor 
jätkusuutlikkumaks ja vähendada süsinikemissioonide hulka. Samas on 
tehnoloogilised muutused energiasektoris väga riskantsed, ressursimahukad ning 
kõrge määramatuse määraga. Kuid mitte ainult seda: energiasektorit mõjutavad 
ka rahvusvahelised regulatsioonid, mis pidevalt muutuvad ja vähendavad 
investeerimiskeskkonna stabiilsust, ning turul osalejate väga erinevad poliitilised 
ja majanduslikud huvid. Seetõttu võib energiasektori jätkusuutlikkust näha kui 
super riukalikku probleemi (ingl super wicked problem), mille lahendamiseks 
hakkab aeg otsa saama, kuid keskne valitsus, kes peaks probleemi lahendusega 
tegelema, on nõrk (Levin et al. 2012). Lisaks iseloomustab super riuklikke 
probleeme erinevate huvide põrkumine: need, kes on probleemi põhjustanud (nt 
fossiilseid kütuseid kasutavad energiaettevõtted), püüavad selle lahendamises 
osaleda. Seetõttu kirjeldab käesolev väitekiri kõigepealt erinevate poliitiliste 
kaalutluste – kliimamuutused, energiaturvalisus ja innovatsioonipoliitika 
(roheline majanduskasv) – mõju energia innovatsioonisüsteemidele. Tuginedes 
evolutsioonilisele majandusteadusele, eeldab antud väitekiri, et poliitikate 
muutused energiasektoris kerkivad esile koos tehnoloogia ning institutsioonide 
koosevolutsioonile. 

Väitekiri uurib, kuidas energia innovatsioonisüsteemid arenevad, läbi kahe laiema 
teoreetilise prisma: tehnoloogilised innovatsioonisüsteemid (Carlsson ja 
Stankiewicz, 1991; Carlsson, 1997) ja globaalsed väärtusahelad (Gereffi et al. 
2005). Kuigi innovatsioonisüsteeme käsitlevad teoreetilised perspektiivid on väga 
heterogeensed, kattes nii riiklikke, sektoriaalseid kui ka regionaalseid 
innovatsioonisüsteeme, siis tehnoloogiliste innovatsioonisüsteemide lähemist on 
kõige sagedamini kasutatud just energiatehnoloogiate elutsükli põhiseks 
analüüsiks (Truffer et al. 2012; Markard et al. 2012). Tegemist on meso-tasandil 
oleva teoreetilise lähenemisega, mis keskendub peamiselt tehnoloogiate 
arengutega seotud organisatsioonide õppimisprotsesside ja võrgustike uurimisele. 
Kuna innovatsioonisüsteemid ja tehnoloogiavõrgustikud on muutunud järjest 
rahvusvahelisemaks, siis tuleb uurida ka rahvusvahelisi võrgustikke, mis 
mõjutavad energiatehnoloogiate arengut. Selleks püüab antud väitekiri ühendada 
innovatsioonisüsteemide lähenemise globaalsete väärtusahelate analüüsiga, luues 
uue analüütilise raamistiku mitme-tasandiliste, rahvusvaheliste 
energiatehnoloogiate innovatsioonisüsteemide uurimiseks. Analüütilise 
raamistiku näidetena käsitleb antud väitekiri väikeriikide ja riigiettevõtete rolli 
mitme-tasandilistes energia innovatsioonisüsteemides. Seega otsib väitekiri 
vastust neljale omavahel seotud olevatele küsimuste blokile: 
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(1) Mis on peamised poliitikaloogikad, mis mõjutavad innovatsiooni ja 
tehnoloogilist arengut energia innovatsioonisüsteemides? 

(2) Missuguseid tehnoloogiliste innovatsioonisüsteemide komponente tuleks 
analüüsida, et leida lahendusi energiasektori tänastele väljakutsetele? 
Missuguste teoreetiliste nõrkustega tuleks tegeleda, et jõuda realistlikuma 
energia innovatsioonisüsteemide toimimise kirjelduseni?  

(3) Missugust rolli mängib geograafia ja riigi suurus rahvusvahelistes energia 
innovatsioonisüsteemides? Kuidas uurida rahvusvahelisi sõltuvusi ja 
võrgustikke viimastes? Missugune võiks olla väikeriikide roll 
rahvusvahelistes energia innovatsioonisüsteemides? 

(4) Missugune on riigiettevõtete potentsiaalne roll rahvusvahelistes energia 
innovatsioonisüsteemides?  
 

Väitekiri koosneb neljast teadusartiklist (I; II; III; IV), ühest lisas olevast 
konverentsipaberist (V) ning sissejuhatusest. Väitekirja autor on kahe artikli 
ainuautor (I; II) ja ülejäänud artiklite esimene autor (III; IV; V). Tulenevalt 
analüüsivate probleemide komplekssusest ja töö püüust lisada väärtust just 
energia innovatsioonisüsteemidega seonduvate teooriate käsitlusse on väitekirja 
metoodiline lähenemine multidistsiplinaarne. Töö teoreetilised alused on läbivalt 
mõjutatud evolutsioonilisest majandusteadusest (Nelson ja Winter 1982), 
institutsionaalsest majandusteadusest (Powell ja DiMaggio 2012) ja viimase aja 
arengutest majandusgeograafias, mis on rakendust leidnud 
innovatsioonisüsteemide rahvusvahelistumise uurimisel (nt Lundquist ja Trippl 
2013). Töö empiirilises analüüsis kasutab väitekirja autor nii kvalitatiivseid 
võrdleva juhtumianalüüsi meetodeid (II; III; IV; V) kui ka kvantitatiivseid 
meetodeid (võrgustike analüüs (V)).  

Väitekirja sissejuhatus annab esmalt ülevaate energiasektorite jätkusuutlikkuse 
probleemist ja viimase seostest erinevate tehnoloogia arendamise loogikatega. 
Autor leiab, et jätkusuutlikkuse paradigma lähtub teistsugustest eeldustest, 
võrreldes innovatsioonipoliitikate ja energiaturvalisuse eesmärkidega. Seetõttu 
võivad olla ootused energia innovatsioonisüsteemidele väga erinevad ning nii 
riiklikud kui ka rahvusvahelised poliitikad, mis mõjutavad sektorit ja arendatavaid 
tehnoloogiaid, võivad olla vastukäivad. Praktikas kasutatakse peamiselt 
turuloogikal põhinevaid poliitikaid energiasektorite mõjutamiseks ja kuigi 
tänapäeval arvestavad ka innovatsioonipoliitikad järjest enam sotsiaalsete 
väljakutsetega (nagu kliimamuutused), võivad olla majanduskasvul ja 
jätkusuutlikkusel põhinevate poliitikate instrumendid koordineerimata ning 
vastuoluliste eesmärkidega. 

Järgnevalt annab väitekirja sissejuhatus ülevaate energiasektori muutusi 
analüüsivatest teooriatest jätkusuutliku arengu perspektiivist, keskendudes 
tehnoloogia innovatsioonisüsteemide lähenemisele. Viimast on kõige sagedamini 
kasutatud taastuvate energiatehnoloogiate arengu analüüsimiseks ning see oma 
eelduste poolest (keskendudes tehnoloogiliste teadusvaldkondade ja erinevate 
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tasandite (kohalik, regionaalne, rahvuslik, globaalne) uurimisele (Bergek et al. 
2008a)) sobilik rahvusvaheliste energiatehnoloogiate innovatsioonisüsteemide 
uurimiseks. Nimelt on erinevate energiatehnoloogiate tehnoloogilised elutsüklid 
väga erinevad ning nende innovatsioonisüsteemidega on ka seotud erinevad 
osapooled (mõned energiatehnoloogiad on nt teadusbaasilt ja -võrgustikelt 
tunduvalt rahvusvahelisemad kui teised). 

Siiski on praktikas antud teoreetilisel raamistikul ka mitmeid puudusi: 
fokusseerimine tehnoloogia elutsüklite algfaasile, üksikute riikide põhine 
lähenemisviis (metoodiline natsionalism), erinevate tehnoloogiate ja tehnoloogia 
innovatsioonisüsteemide omavaliste sidemete ning poliitika ja võimusuhete 
tähelepanuta jätmine jt (vt lähemalt Bergek et al. 2015). Samas on viimase kahe 
aasta jooksul tehnoloogia innovatsioonisüsteeme uurivad teadlased (nt Binz et al. 
2014; Coenen 2015) püüdnud läbi evolutsioonilise majandusgeograafia antud 
probleemidele vastata ning viia uurimisobjekt rahvusvahelisele tasandile, 
arvestades riiklikke, regionaalseid ning globaalseid erinevusi. Viimast seostatakse 
tehnoloogiliste innovatsioonisüsteemide ja ka ülemineku uuringute (inglise keeles 
transition studies) „geograafilise pöördega“ (nt Truffer ja Coenen 2012; Hansen 
ja Coenen 2014). Et vastselt tärganud akadeemilist debatti täiendada, lisab antud 
väitekiri lähenemisele globaalsete väärtusahelate perspektiivi, mis vaatab 
täpsemalt rahvusvaheliste võrgustike jõusuhted ning lisandväärtuse loomist 
erinevates väärtusahelate osades. Kuigi antud teoreetiline perspektiiv keskendub 
peaasjalikult ettevõtte tasandile ning uurib arenevate ja arenenud riikide 
omavahelisi jõupositsioone, siis globaalsete väärtusahelate perspektiivi tugevused 
aitavad täiendada tehnoloogiliste innovatsioonisüsteemide lähenemist. Kahe 
teoreetilise raamistiku ühendamisel pakub autor välja uue, mitme-tasandilise ja 
rahvusvahelise tehnoloogia innovatsioonisüsteemi analüütilise mudeli, mida 
saaks edaspidi energia innovatsioonisüsteemide uurimiseks kasutada. Analüütilist 
mudelit näitlikustab arutelu viimase mõningatest võimalikest dünaamikatest 
väikeriikide energiasüsteemides. Nimelt on väikeriikidel vähem ressursse 
tehnoloogiate arendamiseks, kuid samas võib väiksemates ning paindlikemates 
ühiskondades olla ühelt energiatehnoloogialt teisele üle hüppamine (ingl leap-
frogging) tunduvalt kergem kui suurtes riikides. Samuti sisenevad väikeriigid 
tunduvalt kiiremini globaalsetesse väärtusahelatesse ehk väikeriigid peavad 
poliitikakujundamises arvestama rahvusvaheliste tehnoloogia innovatsiooni-
süsteemidega peaaegu koheselt. Viimane loob väikeriikidele nii võimalusi kui ka 
probleeme tehnoloogiate arendamisel kui ka sellest kasu saamisel. 

Väitekirja aluseks olevates artiklites arendatakse antud analüütilise mudeli 
erinevaid aspekte ja alustalasid edasi. Esimeses väitekirja koosseisu kuuluvas 
artiklis (I) arutatakse riikide relatiivse suuruse üle globaalses, vabaturumajanduse 
kontekstis. Artikkel defineerib väikeriikide suuruse läbi majandusstruktuuri, 
arengutaseme ja majandustegevuse, tuumik-piiriala suhete. Nii illustreerib 
väitekiri globaalsete väärtusahelate ja tootmisvõrgustike olulisust erineva 
suurusega riikidele. Väitekirja teine (II) ja kolmas artikkel (III; viimane kirjutatud 
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kahesse dr. Erkki Karoga) uurivad riigiettevõtete rolli innovatsioonipoliitikate 
juhtimises ning seeläbi ka energia innovatsioonisüsteemides. Viimased loovad uut 
teadmist mitte ainult antud väitekirja teoreetilise raamistiku raames, vaid 
edendavad kogu riigiettevõtteid käsitlevat akadeemilist debatti. Energiasektoris 
on riigiettevõtete roll siiani väga oluline ning ühed suuremad fossiilsete kütuste 
tootjad on riigi omanduses olevad rahvusvahelised ettevõtted (II; III). Seetõttu ei 
saa rääkida suurtest muudatustest energiasüsteemides ilma kaasamata analüüsi 
riigiettevõtete rolli. Enamasti on riigiettevõtetele antud üle nö tasuta kontroll 
ressursside (tihtipeale maavarade) üle, mistõttu võib ettevõttel puududa 
motivatsioon innovatsiooniprotsessis osaleda (ning tihtipeale ka avalik sektor ja 
kodanikud seda ei oota) ning ettevõtted asuvad globaalsete või lokaalsete 
väärtusahelate madalamatel tasemetel, kogudes ressursipõhiseid renditasusid. 
Samas näitab väitekiri, et riigiettevõtetel on potentsiaalselt suur roll energia 
innovatsioonisüsteemides (nt nn „kannatlik kapital“ – vt III, 3). Veelgi enam, 
kuna riigiettevõtted rahvusvahelistuvad aina rohkem erinevatel kaalutlustel, siis 
on neil ligipääs energiatehnoloogiate globaalsetele väärtusahelatele, mida 
tavaliselt enamik riike (va võib-olla suurriigid) otseselt vabaturumajanduse 
tingimustes mõjutada ei suuda.24 Seega võib riigiettevõtetel ka väikeriikide 
energia innovatsioonisüsteemides olla oluline roll. 

Viimased kaks väitekirja juurde kuuluvat artiklit (IV; V) näitlikustavad seda, mis 
juhtub siis, kui erinevatel poliitika eesmärkidel ja loogikatel energia 
innovatsioonisüsteemides vahet ei tehta. Esimene neist (IV) kirjeldab, mis mõju 
võib olla turuloogikal põhinevatel energiasektori reformidel innovatsioonile, kui 
reformid ei arvesta sektori struktuuri ja ka erinevate osapoolte innovaatilise 
käitumisega. Antud temaatikat ilmestavad artiklis Belgia ja Hollandi 
energiaturgude liberaliseerimise protsessi juhtumianalüüsid. Väitekirja lisas olev 
artikkel (V) loob täpsema ülevaate kliimamuutuste globaalsest diskursusest ja 
sellel põhinevast tehnoloogipoliitika loogikast (mis on võrdlemisi vastuoluline), 
mille mõju tehnoloogia arendamise erinevatele aspektidele pole seni täpsemalt 
analüüsitud. Sedavõrd ilmestab väitekiri lineaarsete innovatsioonipoliitikate ohte 
ning vajadust süsteemsema tehnoloogiapõhise analüüsi järele. Mõlemad eelnevad 
artiklid näitavad, et super riukalike probleemide lahendamiseks on vaja 
süstemaatilisi ja koordineeritud lahendusi. 

Koostöös eelkirjeldatud artiklite ja töö sissejuhatuses välja arendatud uue 
analüütilise raamistikuga pakub käesolev väitekiri välja ka mitmeid erinevaid 
teemasid edaspidiseks teadustööks. Esiteks, kutsub väitekiri teadlasi analüüsima 
innovatsioonisüsteeme rahvusvahelises perspektiivis ning kasutama globaalsete 
väärtusahelate perspektiivist tulenevaid uurimisküsimusi (õppimisest, 
võimusuhetest, lisandväärtuse paigutumisest väärtusahelates) rahvusvahelise 

                                                 
24 Siiski on ka kaudseid viise väärtusahelate kujunemise mõjutamiseks – nt läbi 
rahvusvaheliste standardite (De Coninck et al. 2009; Aasia innovatsioonisüsteemide 
kontekstis vt Chaminade ja Vang 2006). 
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tehnoloogiaarengu dünaamikate kirjeldamiseks. Teiseks, toob väitekiri välja, et 
kohalike tehnoloogia innovatsioonisüsteemide suhestumist rahvusvahelistesse 
võrgustikesse tuleb detailsemalt analüüsida, välja selgitades ka erinevate 
institutsionaalsete keskkondade mõju energiatehnoloogiate innovatsiooni-
süsteemidele nii lokaalselt kui ka globaalselt. Kolmandaks leiab väitekiri, et ei 
tohiks unustada poliitika suurt rolli energia innovatsioonisüsteemide 
kujundamisel ja toimimisel. Viimasel on potentsiaalselt suur mõju energiasektori 
jätkusuutlikule arengule ning seda peaks tunduvalt enam innovatsioonisüsteemide 
akadeemilises debatis arvesse võtma.  

Super riukalike probleemide lahendamine esitab riikidele väga suuri väljakutseid 
– antud väitekiri on loodetavasti samm viimaste teoreetilise kontseptualiseerimise 
suunas ja seda ka rahvusvahelises perspektiivis. 
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APPENDIX (article V) 
 

 

 

 

 

 

V Tõnurist, P. and K. Valdmaa. 2013. “Impact of Climate Change Policy 
Discourse on Energy Technology Research: the Case of Estonian Science and 
Industry Linkages.” Revised version of the paper presented at the 6th Annual 
Conference of the Academy of Innovation and Entrepreneurship “Innovation and 
Entrepreneurship for Inclusive and Sustainable Development.” Oxford, UK, 29-
30 August 2013. (5.2) 
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