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Abstract:

Many indicators suggest that today,
we are in the midst of a global energy
transition, which will create challenges
and opportunities. The development
of the Danish energy sector seems to
be influenced by the dual dynamics
related to the domestic supply driven
technological evolution on one hand,
and the export/demand led technology
drive on the other. Embracing the
innovation system perspective this
project will employ a mixed methods
approach to analyze the nature and
dynamics of Danish energy innova-
tion systems, focusing particularly on
the systemic interaction between the
decentralized energy generation and
the grid-integration technology areas.
Besides, part of the analysis will be
to identify the subsequently evolving
interaction patterns and the competence
bases, which could lead to the develop-
ment of high potential energy solutions
in an international context.
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Summary
Today society is facing the combination of depleting inexpensive high-carbon energy
sources, the worrying progress of climate change paired with worldwide growing energy
demand. Against this background the transition towards climate friendly and sustain-
able energy systems becomes an extraordinary important challenge for mankind. Many
indicators suggest that in fact, we already are in the midst of a global transition in the
right direction. Statistics about newly installed electric capacities and market forecasts
confirm i.a. that renewable energy solutions are gaining momentum, generating op-
portunities for economic growth and societal development in the global north and the
global south. Especially remote regions in developing countries and the fast growing
emerging markets with poor or non-existent energy infrastructures would tremendously
benefit from sustainable, cheaper and smarter energy solutions.

Denmark is one of the countries, which embraced the energy innovation paradigm,
starting already in the 1970s, and pioneered subsequently in the development of innova-
tive energy technologies. Nowadays, Danish companies are among the world leadership
in wind power and many areas of energy e�ciency technologies. Prior research showed
that public and private actors in Denmark also engage in energy innovation activities
in other technological domains, encompassing distributed energy generation technolo-
gies (for instance hydrogen and fuel cells, solar cells, bioenergy and wave energy) and
energy integration and transmission systems. In the latter field Denmark currently has
a leading position, carrying out 22% of all test and demonstration smart-grid projects
in the European Union. The role of the smart-grid technologies in future will be to
overcome the challenges of integrating the variety of dispersed and diverse energy gen-
eration units. The integrative character of the technology leads to the assumption that
this sector might also play a pivotal role as a catalyst area, enhancing interaction and
learning across di�erent technological innovation systems. It is this kind of interac-
tion dynamics, which is likely to lead to the discovery of new combinations, trigger
entrepreneurial experimentation and favor radical innovation. The grid-integration
technology field will therefore be a focal point of the project.

About one tenth of all Danish exports can be ascribed to energy technology. Cus-
tomers are not only developed European countries but also increasingly emerging
economies. Unlike countries in Europe or North America, these countries are often
characterized by strong di�erences in the development levels of their regions. In many
cases remote rural regions have only limited, or entirely lack energy infrastructure.
With progressing economic growth, demand for sustainable energy solutions will un-
doubtedly increase.
Developing the capabilities to provide these regions with integrated, climate friendly
and e�cient energy systems should be the focus of Danish energy innovation systems
not only for the sake of export profits.
Overall, path dependencies and technological lock-ins are extraordinarily pronounced
in the energy sector, creating high barriers for radical innovations.The lack of dense,
fully developed energy infrastructures paired with the progress willingness in these
regions means also that technological and institutional path dependencies should be
much lower than in the Danish environment. Designing solutions for regions with-
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out strong path dependencies has potentials to generate space for experimentation.
Furthermore, engagement in an altered environment can lead to another type of user-
producer interaction and experience-based learning, thus increasing opportunities for
radical innovation to happen.

Embracing the innovation system perspective this project will employ a mixed
methods approach to analyze the nature and dynamics of Danish energy innovation
systems, focusing particularly on the systemic interaction between the decentralized en-
ergy generation and the grid-integration technology areas. Besides, part of the analysis
will be to identify the subsequently evolving interaction patterns and the competence
bases, which could lead to the development of high potential energy solutions in an
international context.
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1 Background and hypotheses of the project

This is the time to shift, this is the time to move towards the golden age, a sustainable
global golden age. That means lifting all boats - enormous profits can be made from

the environmental industries. But it depends on us, it depends on our policymakers,
it depends on the political opinions. It will not happen just by the market.

-Carlota Perez

1.1 Global energy transition

The end of inexpensive, abundant high-carbon energy, the worrying progress of climate
change paired with worldwide growing demand for energy is becoming more and more
apparent, and it will undoubtedly generate numerous economic, political and societal
challenges (IEA, 2011). Nevertheless, it can also be seen as an opportunity (Wüsten-
hagen and Wuebker, 2011).
The recent decade witnessed a major evolution in our understanding of the natural
world’s role and its capacity to sustain or inhibit economic development. Issues revolv-
ing around the concepts of greenhouse gas mitigation, peak-oil but also sustainability,
gained unprecedented academic and social interest. The new public discourse has trig-
gered a gradual shift in ideas and views, held by nations, regions and its policy makers,
public organizations, firms and individuals.
The recent development towards market-orientation and liberalization in the energy
sector, has initiated a fundamental restructuring (Trevino, 2008). This is expected
to prompt innovation processes in a domain, which traditionally is characterized by
strong path-dependencies1 and high barriers for radical innovations, due to the his-
torical lock-in on hydrocarbon-based energy technologies (Arthur, 1989; Unruh, 2002;
Markard and Tru�er, 2006).

Today, we face growing evidence for the progress of a wide-ranging, global energy
transition: Approximately half of the newly worldwide installed electric capacity, of
estimated 194 GW in 2010 and of 208 GW in 2011, is represented by renewables, which
are also getting more important in heating and transportation2.
A similar picture is drawn by HSBC’s financial analysts, predicting that the world’s
low-carbon energy markets will treble in the course of this decade (Robins et al., 2010)3.

1North (2005) defines path dependence as the "constraints on the choice set in the present that are
derived from historical experiences of the past". The concept is applied to technologies, institutions
and organizations as well as belief systems and ideas.

2Over the past several years the non-hydro renewables’ share of new electric capacity was rising
from 10% in 2004 to about 37% in 2011. Their contribution to the total global generating capacity
has more than doubled during this period (REN21, 2011, 2012).

3Another forecast by Bloomberg (2011) shows that global investment in renewable energy projects
will grow from $195bn in 2010 to $395bn in 2020 and to $460bn by 2030.
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1.2 Opportunities for economic growth and societal development

The advancement of smart energy systems is becoming fundamental for economic
growth and societal development (e.g. Mathiesen et al., 2011). This is particularly
notable in the change of the rhetoric character, which gradually evolved from concen-
trating on the environment protection issues towards the current focus on overall/firm
innovation (e.g. Borup et al., 2009), e�ciency (e.g. Rennings and Rammer, 2009) and
economic progress, including employment creation (e.g. Renner et al., 2008; Kammen,
2008) and earnings from exports.

The scope of imaginable opportunities that emerge as the world increasingly em-
braces the eco-innovation paradigm, reaches in fact far beyond the obvious environmen-
tal issues. Thus, many of the new energy technologies and solutions show synergetic
potentials and produce positive externalities apart from being green.

1.3 Energy innovation in Denmark

Development of modern energy technologies plays an important role in Denmark. At
least since the 1970s public support and favorable policies have met superior capabili-
ties within energy engineering, making the country one of the world’s leaders in energy
innovation.4

Apart from the leadership in wind power and smart-grid/transmission technology
in Europa, Danish energy technology actors engage in the development of hydrogen
technologies and fuel cells, solar cells, general energy e�ciency systems and bioenergy
solutions (Borup et al., 2007). The energy plan, passed by the Danish government in
March 2012 emphasizes the pronounced policy focus on further advancement in dif-
ferent energy technologies, highlighting in particular the increasingly central role of
bioenergy in future (Klima-, Energi- og Bygningsministeriet, 2012).

Renewable energy sources are inherently decentralized, often smaller, and more
diverse and fluctuating than centralized traditional energy units. This makes it a chal-
lenge integrating them into the existing energy system (Van der Vleuten and Raven,
2006; Orecchini and Santiangeli, 2011). Smart-grids or intelligent energy systems are
the new type of energy networks and essential for the integration of these modern sus-
tainable power sources (Lund et al., 2012). According to the latest JRC Report of the

4Danish companies and smaller initiatives pioneered for instance in the bottom-up development of
wind power system designs, which today are installed all over the globe (Jørgensen and Karnøe, 1995;
Klaassen et al., 2005).
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European Commission, Denmark has the highest share (22%) of smart-grid research
and demonstration projects in the European Union (Giordano et al., 2011).
In a long-term perspective the smart-grid technology field might become a central
platform, which will lower the entry barriers for new technologies and enhance interac-
tion across the technological boundaries of di�erent energy innovation systems. This
integration of decentralized energy sources is therefore likely to generate rich oppor-
tunities for entrepreneurial ventures in an industry, traditionally dominated by large
technological systems with strong path-dependencies and high entry barriers (Hughes,
1987, 1995). It is then the entrepreneur as the Schumpeterian promoter of new com-
binations, which is likely to play a pivotal role in shaping this discontinuous change
(Schumpeter, 1996; Wüstenhagen and Wuebker, 2011).
Exploring the assumed decentralization of the energy innovation system means trying
to understand the innovation dynamics in the tense atmosphere between Davids (start-
up ventures) and Goliaths (large incumbent firms) (Hockerts and Wüstenhagen, 2010);
between collaborative “bricolage approaches” and breakthrough innovations (Garud
and Karnøe, 2003); between globally orchestrated research and business dynamics and
regionally or locally anchored projects; and between private and public actors (e.g.
Patel and Pavitt, 1994; Mazzucato, 2011; Borup, 2011)

Despite the centrality of energy issues in the public discussion today, analytical
knowledge about the nature of energy innovation systems in Denmark is limited and
scattered, as noted in the EIS project description (Borup, 2011). Especially energy
integration and transmission technologies do not yet appear in the innovation systems
literature. There is only a single comparative study of five renewable and energy ef-
ficiency innovation systems (Borup et al., 2009). In addition, there exist a number
of studies, focusing on particular technological areas such as the wind power sector
(e.g. Andersen and Drejer, 2008) or the hydrigen and fuel cell technologies (Madsen
and Andersen, 2010), with the last publication being a European comparison study
with a strong weight on Southern Scandinavia. Another international comparison of
energy innovation systems in the Nordic countries can be found in Borup et al. (2008).
All studies highlight the need for more research for achieving a more comprehensive
picture of the structural components and the processes, driving the dynamics of energy
innovation systems.

1.4 New Danish innovation potentials for the world

It seems likely that the diversity of technological knowledge, particularly the combina-
tion of competencies in distributed energy generation on one hand and grid-integration
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on the other, paired with Denmark’s innovation friendly environment5 might create
favorable synergies and more radical innovations in future. Due to the integrating
nature of its technology, the smart-grid area might under these conditions play a piv-
otal role in promoting interaction and learning across technological and institutional
boundaries. In the optimum scenario these interaction might lead to the development
of more advanced and especially more holistic energy supply solutions.
Such innovative and integrated energy systems would not only contribute to achieving
Denmark’s long-term goal of domestic energy sustainability but could also be of par-
ticular interest in the international context.

Energy demands are rising worldwide, and the emerging economies are showing the
highest growth rates6. Danish exports of energy technology were growing throughout
the past decade and accounted for 9.5% of all exports in 2010.7

Recent publications from the Confederation of Danish Industry emphasize the grow-
ing export market potentials for Danish energy technology in the emerging markets,
particularly in Latin America (Dansk Industri, 2012b,c) and China (Dansk Industri,
2012a).
Especially developing countries8 and emerging economies with large shares of pop-
ulation without access to a�ordable and reliable energy sources and poor or absent
energy utility infrastructure would benefit from more holistic energy concepts, which
could integrate energy production, storage and transmission more (cost) e�ciently
than today9. The lack of established energy infrastructure implies also a fairly absence
of technological lock-ins allowing in many cases to implement energy solutions with-
out considering path-dependent technological or institutional boundaries (Goldemberg,
1998; Murphy, 2001).10

Energy system decentralization in general i.e. the development of more or less decou-
pled energy solutions, which can function o�-grid, has the potential to increase ener-

5The Innovation for Development Report 2010-2011 ranked Denmark 6th assessing the Innovation
Capacities of 130 countries.

6The International Energy Agency calculates with a one-third increase of energy demand from 2010
to 2035. In this period Non-OECD countries will account for 90% of population growth, 70% of the
increase in economic output and 90% of the growth in energy demand (IEA, 2011).

7Since 2008 the numbers were falling, what raised concerns about whether Denmark might lose the
edge in energy technology (EKF, 2011). In 2011 the numbers recovered a 18%, yet not reaching the
2008 levels (Dansk Industri, 2012c).

8The terms “developing countries” and “less developed countries” are here used to refer to both
developing and emerging economies. Despite the adoption and synonymous use of the terms, there is
full awareness of the contextual di�erences between, for instance, the BRICS and countries in Sub-
Saharan Africa.

9The World Energy Outlook of the IEA (2011) estimates that approximately 1.3 billion people, a
20% of world’s population does not have access to electricity.

10The literature discusses this assumption under the notion of "technological leapfrogging". As
successful case of leapfrogging academia and public media frequently refer to the development of the
telecommunication sector in less developed countries (Singh, 1999).
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getic e�ciency in developed countries, while generating technological and conceptual
solutions for less developed countries (Yadoo et al., 2011; Bhattacharyya, 2011). The
increasing focus on bioenergy in Denmark targets a technology, which is particularly
promising in the context of rural regions in less developed countries (Mahapatra and
Dasappa, 2012). More intensive international engagement would simultaneously make
a positive contribution to the promotion of energy sustainability and foster economic
and societal development in these regions, while strengthening Denmark’s leadership
in the renewable energy domain. Besides, it could also lead to fruitful experience-
based learning, increased levels of absorptive capacity in Danish firms (Cohen and
Levinthal, 1990) and more radical innovations in environments with scarcely present
path-dependencies and lock-ins in the energy sector.

2 Research objective and research questions

The aim of this doctoral research project is to analyze the nature and dynamics of Dan-
ish energy innovation systems with (1) a domestic focus on the the systemic innovation
in the distributed networks around the smart-grid technology field. The underlying as-
sumption is that the smart-grid innovation system will not only link and integrate the
distributed generation technologies but also promote interaction and learning across
technological boundaries, thus fostering innovation. (2) Given Denmark’s strong en-
ergy technology export orientation in the context of the global energy transition, a
second focal point will lie on the innovation potentials, which might evolve from the
international engagement of Danish energy innovation system related actors. Partic-
ularly the attention will target the implementation of energy solutions in emerging
economies.

Research questions

Overall, the transformation character of the energy sector seems to exhibit a dual dy-
namics of (1) domestic energy supply driven technological evolution on one hand and
(2) the export/demand led technology drive on the other. This principal conceptual
separation shall guide the focus of this project.

The following is the main research question and the three sub-questions to be an-
swered by this project:
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How does grid integration of renewables and growing global demand for sus-
tainable energy technologies transform Danish energy innovation systems?

1. How does progressing grid-integration of decentralized energy production alter
the energy innovation systems and their performance in Denmark?

2. How does energy technology export and transfer drive innovation in the Danish
energy sector?

3. What are the synergies, created by the above mentioned dual dynamics? How
can Denmark, as a small country, ensure a balance between the technology driven
and the market driven innovation in the long-run perspective?

3 Theoretical-analytical approach

The project will take an innovation system perspective, which appears promising, as
it focuses on the development of capabilities, the systemic interplay and learning dy-
namics between a variety of actors related to a particular field.
The underlying assumption is that competition in the contemporary global economy
is based on exploitation of unique dynamic competencies and resources, rather than
on static comparative advantages. The development of such unique competencies and
resources is key to obtaining and preserving competitiveness (Porter, 1990).

In a learning economy innovation is essentially understood as an interactive learn-
ing process, which is socially and institutionally contextualized (Lundvall, 1992). The
primary focus of this research will therefore lie on the interaction patterns between the
involved actors with respect to their idiosyncratic rationales in the particular institu-
tional and social context.
It is recognized that knowledge generation and learning can appear in various com-
plementary forms, encompassing informal and formal types. Often the latter type of
predominantly codified knowledge production is located in e.g. universities or corpo-
rate research departments and often emphasized in policy strategies. The informal
types of mainly tacit knowledge production, on the other hand, happen not to appear
in o�cial strategy statements11. Yet, knowledge gained in market and user interac-
tion (learning-by-using) and through practical work, experimentation or prototyping
(learning-by-doing) - being mainly tacit - is essential for the innovation system (Borup

11Another taxonomy of knowledge distinguishes between the "analytical" (science based) and the
"syntetic" (engineering based) knowledge bases (Laestadius, 1998). Knowledge in- and outputs are
more often codified in the former type and more tacit in the latter.
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et al., 2007).
The innovation system is, as Lundvall (1992) puts it, “the elements and relationships,
which interact in the production, di�usion and use of new economically useful knowl-
edge”. Hence, the performance of innovation systems is defined by the quantity and
quality of these systemic relationships and by the ability of the actors to identify and
exploit evolving synergies.

As an analytical construct the innovation system - with its foundations in evolution-
ary economics - won approval in the course of the 1990s, prompting the development
of a number of di�erent innovation system concepts in the literature (Bergek et al.,
2008). The various concepts adopt the central aspects of the innovation systems to a
wide range of geographic and technological contexts, including national innovation sys-
tem approaches (NIS) (Freeman, 1987; Lundvall, 1992; Nelson, 1992; Edquist, 1997),
regional systems of innovation (RIS) (Asheim and Isaksen, 1997; Cooke et al., 1997;
Asheim and Gertler, 2005), sectoral innovation systems (SIS) (Breschi and Malerba,
1997; Malerba, 2002) and innovation systems within the boundaries of a particular tech-
nology12 (TIS) (Carlsson and Stankiewicz, 1991; Jacobsson and Bergek, 2004; Hekkert
et al., 2007). TIS approaches seem especially promising for this research purpose be-
cause of their focus on processes, sectoral development and transformation, and the
evolution of new technologies (e.g. Bergek et al., 2008). Yet, also because energy and
industrial policies are usually carried out on the national level, more general perspec-
tives from the NIS and SIS approaches will also form a part of the analytical construct.

In respect to the research techniques a mixed methods approach seems most ap-
propriate, as it would allow to combine the insights from quantitative analyses on
the macro level with their thinkable micro foundations, which are best explored using
qualitative methodologies.13 Integrating findings from di�erent perspectives, while ac-
counting for their varying understanding of the reality, might render deeper insights
into the research topic (Tashakkori and Teddlie, 2003). Additionally to the more tra-
ditional methods, such as econometric analysis, or case studies, social network analysis
is considered as a promising technique in the given context.

12A technological system is defined by Lundvall as "a combination of interrelated sectors and firms, a
set of institutions and regulations characterizing the rules of behavior and the knowledge infrastructure
connected to it" Archibugi and Lundvall (2002). Hence, a TIS not only contains components directly
related to one particular technology but all components that have an impact on the technology’s
evolution. It can be a sub-system of a SIS or span across the boundaries of many sectors, in the case
when essential knowledge is distributed over various industries.(Bergek et al., 2008)

13Essentially, mixing both approaches would generate a conflict of the epistemology, underlying the
di�erent methods. Standard methods textbooks warn of combining di�erent "[...] methodological
views just like that, because that would lead to an eclectic maze - a lack of consistency, stringency
and credibility when creating knowledge" (Arbnor and Bjerke, 2009).



8 4 Draft research schedule

4 Draft research schedule

The following table provides a tentative schedule of research activities and outcomes.

Activities Outcomes

1st

year
Literature study Overview over the academic discourse in the

field; overview over the technological, regula-
tory and institutional aspects in DK

Network building (e.g. EIS, DRUID, GLO-
BELICS, Industrial)

Inspiration and information sources, collabo-
ration partners

Courses focusing on energy technology and on
quantitative and network research

Achieving the required understanding of the
technological systems, improving analytical
skills

First round field work, data collection Industry insigts; issues, actors and networks
identification

First teaching and supervising experience -
Innovation in technical systems, quantitative
methods

Learning/presentation/supervision practice

1st paper write-up, presentation of findings

2nd

year
Literature study Theoretical-analytical frameworks, global en-

ergy transformation

Courses focusing on general research method-
ology, qualitative methods, academic writing
and publishing

Second round field work, data collection Overview over the dynamics of energy technol-
ogy export/transfer

2nd paper write-up

Further teaching/supervising

Research stay abroad Gaining new perspectives, networking with in-
ternational experts

Third round field work (abroad) Understanding of the evolution of energy sys-
tems in emerging economies

3rd

year
3rd paper write-up

Dissemination and re-evaluation of the
achieved academic output

Assessment of the consistency, innovative
value, relevance

4th paper write-up

Incorporation of comments and suggestions

Thesis finalization
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List of suggested seminars and courses

• UK IRC Network and Innovation Training Workshop, London, November 21-23,
2012.

• Quantitative Research Methods, SDU, Oktober 2012.

• PhD Summer School, TIS, Chalmers, tba. 2013. or International Summer School
at CIRUS-EAWAG similar to the one from 2011 on the technological and orga-
nizational change in the energy sector.

• EIS Summer School, 2014.

• possible conferences: DRUID, GLOBELICS, RSA etc.
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