1 Relevance for the call for proposals

This project will generate new knowledge on the energy transition in general and power
transmission in particular. We will study the prospects and challenges related to the role of
transmission grids in the sustainable restructuring of European countries’ energy systems. The
latter involves greater integration of energy systems and, especially, of transmission grids in
Europe, which will be central to harvest the vast and yet untapped renewable energy
potentials at larger distance from the centers of consumption. With our findings, we target
policy makers, managers and the academic community. We make three major contributions.
First, we will identify and explain the key prospects and challenges related to the integration
of power transmission grids in Europe. Secondly, we will improve existing conceptual
frameworks in the fields of innovation and policy studies to address the issue of grid
transformation. On the combination of the former, we will finally sketch future avenues for
policy making and infrastructure management to cope with the challenges. The intended work
has the potential to strengthen the long-term economic value and efficient use of Norwegian
renewable energy sources (particularly hydropower) as a complementary resource in the
European electricity market, characterized by increasing shares of fluctuating renewable
energy sources (wind, solar). Due to the project’s focus on industry actors, it will also
contribute to strengthening the Norwegian power transmission supplier industry. Strong
linkages with the rapidly growing network in the field of sustainability transitions research,
finally, will be beneficial for the Norwegian research community.

2 Aspects relating to the research project

2.1 Objectives (See application form)
2.2 Background, status of knowledge, and research gaps

This project has two main points of departure. The first is the culmination of two larger
developments, the energy transition and European integration. Both have consequences for
the transformation and European integration of power transmission. The second is about the
conceptual challenges for the study of socio-technical transitions, especially with regard to
governance issues, politics and technological complementarities.

ad 1: Europe’s energy transition moves towards increasingly higher shares of variable
renewable energy such as wind power and solar energy. Variable generation can be balanced
by energy storage, including hydropower as the most mature option, and demand side
management. Especially for the former, transmission will be central. In other words,
transformation of transmission grids is a central piece in the restructuring of the energy sector.
It is widely agreed though that transmission infrastructure policy, investment and
transformation are significantly lagging behind changes in electricity generation, which
creates tensions for the ongoing energy transition [1]. Key challenges include coordination
across different countries and actors, ill-aligned regulatory regimes, lack of industry
resources, immature technologies and systemic uncertainties [2], [3]. To address these issues,
a number of projects and initiatives have been launched at the national and European level,
including TYNDP, GRID+, e-Highway2050, EU Technology Platform, and others. Despite
these activities major knowledge gaps remain on inter alia transnational planning tools,
policy, evaluation methodology, and grid technologies [4] [5]. Also from a theoretical point of
view, transmission issues still represent a comparatively neglected topic in the literature of
innovation and transition studies. While much work exists on power generation and storage
technologies, transmission infrastructure has received little to no attention [2].

ad 2: Sectoral change and socio-technical transitions in general and the energy transition in
particular are a core topic in the literature on innovation and sustainability transition studies
[6]. The multi-level perspective [7], [8] and technological innovation systems [9], [10] have
emerged as central frameworks to address the multi-dimensional issues of socio-technical
transformation. However, there is still quite some potential for conceptual improvement. One
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central issue in this regard is the incorporation of politics and conflicting strategic interests of
industry actors [11]. Another is about technological complementarities and transitions that
span national boundaries [12].

In the political science literature, transnational governance and the associated challenges
within policy processes are key issues. Although successful examples exist (e.g. in
telecommunication), such initiatives have not been closely connected yet to the challenges
arising from broader sectoral transitions. Increasing technological interdependencies have led
to a greater need for policy integration, and so there is an important overlap between
multilateral policy and socio-technical transitions. Further research will be needed on several
issues, including the development of forums for political debate and assessment of transition
initiatives, reform agendas for existing transnational agencies, or principles for new forms
national participation in complex integrated missions.

What makes our topic very challenging is that the energy transition is characterized by a high
degree of diversity at the national level, including different political priorities, different
national electricity system structures, different natural, financial and human resources,
different industry structures etc. At the same time, “energy integration” is taking place both as
a consequence of global technology diffusion (e.g. wind power, smart grid technologies,
energy storage, new transmission technologies) and as a result of international policy
initiatives including the European integration, EU environmental policy targets (2020), EU
energy policy etc. For this reason, we work with an international and interdisciplinary project
team, through which expertise from different backgrounds can be combined.

2.3 Approaches, research questions, and methods

Socio-technical transitions and political integration are highly complex processes for which
single disciplinary approaches will not suffice. For this reason, we combine concepts and
methods from different disciplines including innovation and transition studies, political
sciences and engineering. Our starting point is extant research in the field of innovation and
sustainability transition studies [6], [13], which highlights that energy systems and markets
are composed of both social and technical processes, which coevolve, or mutually shape one
another, rather than one superseding the other [14], [15]. In other words, the electricity sector
will be analyzed as a large socio-technical system that includes technological and material
components as well as actors (utilities, technology suppliers, authorities etc.) and institutional
structures (norms, standards, regulations etc.). The sector exhibits a number of particularities
such as high capital-intensity, longevity of assets, high degree of regulation, high level of
interrelatedness etc. that need to be taken into account [16], [17]. Transmission grid
technology will then be viewed as a specific technological innovation system within the larger
electricity system [2]. There are other related technological systems (on wind, hydro, PV,
smart grids etc.) that come into play as well. Furthermore, transmission technology is subject
to regulation, specific institutional structures and established policy regimes, both at the
national and European level. Moreover, our focal system is populated by a broad range of
actors, including transmission system operators and technology suppliers.

In order to account for national differences, and to incorporate potential developments in the
related technological systems (e.g. offshore wind or storage), we will look at the situation in
three countries around the North Sea: Norway, the United Kingdom and Germany. Norway is
central due its large domestic hydropower and offshore wind potential, the UK is a European
front-runner in electricity market liberalization, and Germany is the European leader in the
energy transition. Moreover, all of these countries are characterized by (a) an extensive and
continuously increasing use of renewable energy which causes challenges for grid
connections, stability, management and investment for TSOs and policy makers; (b) the grids
of these countries are connected via long subsea cables for which capacity increases are
planned — the grid governance regimes interact, in other words; and (c) they are all strongly
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affected by policies and reforms emerging at the EU level. The selection allows us to
transnational issues via comparative analyses and studying grid collaboration between
countries, and how this, in turn, interacts with ongoing changes at the EU level. The following
research questions (associated with work packages 2-5) will guide our analysis.

e What are the new challenges for national transmission grid governance (conflicting logics,
policy regimes and strategic interests, integration of energy transition goals etc.)?

e How do novel regulatory and organizational developments at the EU level (e.g. ENTSO-E
Connecting Europe Facility, Internal Electricity Market) impact on investment in and
planning of power transmission projects?

e To what extent are new grid technologies emerging from the global supplier industry?
Who are the key actors, their innovation networks and competences?

e To what extent do capacity bottlenecks in the European grid technology supplier industry
threaten to block further transformation of transmission grids and diffusion of new
technologies?

We will apply multiple methods, including case studies on selected transmission projects
(successes and failures), patent analyses, bibliometric analyses, social network analyses,

industry survey, and policy field analyses. Each of these issues will be presented in more
detail in the individual WP descriptions.

2.3.1 WP1 - Theoretical framework and synthesis

This work package includes the development and refinement of the theoretical framework and
a synthesis of the empirical studies. The empirical phenomenon we will analyze is highly
complex and involves multiple dimensions, including innovation and technological change,
policy making and institutional change, and firm strategies and industry development. To
adequately address these different dimensions, we draw on two main strands of literature.
First and foremost, we use the literature on innovation systems and socio-technical transitions
[6], [71, [9], [11], which deals with fundamental changes in technological fields and broader
sectors such as energy, transport, or food supply.

Through our analysis of the internationalization of transmission networks, the role of EU
energy policy and market creation, and the dynamics of a global technology supplier industry
we will contribute to a conceptual renewal of transitions research by incorporating
international and political dimensions of infrastructure sectors, in particular how processes of
market liberalization and globalization are reshaping transmission regimes in Norway and
across Northern Europe. In doing so we will secondly draw theoretical connections with the
literature on transnational governance, global environmental governance, and the emerging
literature on the international political economy [18]-[20].

Task 1.1: Framework Development and Refinement: Review of established concepts from the
innovation and governance studies literature. ldentification of commonalities and conceptual
linkages. Establishment of conceptual ‘building blocks’ and interfaces to guide the empirical
studies. Ongoing conceptual refinement as a result of the empirical observations. Publication
of working paper (incl. literature review results) and peer-reviewed conceptual paper.

Task 1.2: Synthesis and Policy Recommendations: Integration and critical discussion of the
empirical results across work packages. Critical review in the light of existing literature.
Compilation of policy recommendations. Publication of policy brief and peer-reviewed paper.
Interaction: WP1 closely interacts with all other work-packages throughout the entire duration
of the project. Intense collaboration in the first and last year.

Organization: JM leads WP1. All other participants contribute.

Expected outputs: 2 academic papers, 1 policy brief.



2.3.1 WP2 - The role of Institutional logics in National Transmission Grid
Regimes for decision making and investment

In many European countries the electricity sector has been gradually privatized and
‘liberalized’ since the mid-1980s [21], [22]. These changes created new regulatory
institutional configurations where formerly vertically integrated actors (electricity producers,
TSOs, and regulators) were divided, and the dominant “logic” of the sector changed from one
of “engineer system building” to one of “market-based cost efficiency” [23]. At the time of
these changes several countries had accumulated excess transmission capacity. Focus on
optimization combined with excess capacity resulted in investment stagnation and the
beginning of an “asset sweating phase” [24]. In consequence, the transmission infrastructure
in Europe is on the very end of its life cycle and needs major upgrading, even without an
energy transition [25], [26]. While the “optimization” phase has induced innovation of new
and improved services [21], it seems to conflicts with the need for new, major infrastructure
investments by private actors [27]. At national level the situation thus constitutes an
institutional misalignment between short term optimization and longer term energy security as
assets depreciate. This is further augmented by new transmission needs to accommodate a
renewable energy transition.

Preliminary research suggests that the institutional logic of “short-term cost-efficiency” is
being challenged in Norway by other criteria for investment decisions [28]. There are, across
Europe, strong indications that “engineer system building” logic is growing in strength to
counteract asset depreciation, and accommodate renewable energy expansion. WP2 follows
up on these preliminary results and conduct more in-depth analysis.

By use of the concepts of socio-technical regimes [10] and institutional logics [29], [30], WP2
explores the potential tensions between “logics” across the three case study countries between
which interconnector cables exist and/or are in process of being built. We conceptualize
national grid regimes as those sets of actors and institutions that interact to shape the direction
of change in transmission grid management which includes long term strategies and criteria
for investment decisions.

Task 2.1: First analytical step is to map national regimes in each country. The central actors
are TSOs, public energy agencies responsible for coordination and regulation , and central
government bodies . In the preliminary mapping of grid regimes we focus on key issues such
as relationships between industry and government, the model of energy market liberalization
adopted, the regulatory frameworks governing the operation and expansion of energy
infrastructure and the how the wider governance framework for energy transitions is
influencing transmission regimes.

Task 2.2: Second analytical step is to conduct a detailed cross-case analysis of the national
transmission regimes in the case study countries, Through a structured comparative analysis
analyze how policies and regulatory frameworks are emerging to incentivize new
transmission investment, the political contestations and tensions that are arising and how
tradeoffs between the “short-term cost-efficiency” and “engineer system building” logics are
being resolved. As empirical material we use grid development plans, government white
papers, cost benefit analysis reports on interconnectors, annual reports by TSOs, media
coverage material, and in-depth interviews with central actors. The “need” for transmission is
estimated on basis of a review of a range of transition scenarios published by important
national and international organizations; see WP5.

Interactions: WP2 interacts with the EU-level issues discussed in WP3. Also, institutional
logics impact on technological development via TSO preferences and decision making
(WP4). Interactions will be explored in synthesizing work (WP1).

Organization: ATG leads WP2. ADA, PhD, RB will also contribute.



Expected outputs: 2 academic papers on “logics” in transmission projects, 1 comparative
academic paper including the three countries, and 1 empirically rich project report.

2.3.2 WP3 - European market integration and the internationalization of
transmission regimes

The key aim of this work package is to analyze the emergence and evolution of the EU’s
Internal Electricity Market (IEM) and the electricity transmission infrastructure that is likely
to be needed to underpin this market. In investigating the development of the IEM, our aim is
to understand and translate European-wide developments including short term day-ahead
wholesale markets, longer term capacity markets, infrastructure development, system
balancing and reserve, and transmission investment. Although not a full member of the EU
Norway has played a key role in developing and implementing the IEM and the European
market will influence greatly the future shape of the Scandinavian and Northern European
regional electricity markets.

In recent years the policy priorities for the IEM have shifted somewhat towards investment in
interconnectors and the need to increase the capacity of national transmission grids to deal
with the increasing volume of traded electricity across international borders. There has been
concern that market signals alone will be inadequate to deliver the necessary levels of
transmission and interconnector investment and that a long term strategic approach may be
required more in line with an “engineer system building” logic. The IEM is part of wider
activities at the EU level. The European Commission is now developing an energy
infrastructure policy that integrates climate and energy goals where the focus is on a trans-
European transmission infrastructure capable of accommodating the penetration of a
renewable production consistent with affordable and reliable energy supplies [31]. Symptoms
of these activities are the “Energy infrastructure priorities for 2020 and beyond” document,
Projects of Common Interest (PCI), Connecting Europe Facility (CEF), the “Long-term
infrastructure vision for Europe and beyond” [32], and ENTSO-E’s (European Network of
Transmission System Operators) Ten-Year Network Development Plans (TYNDP). We
interpret IEM developments in light of this wider context.

Task 3.1: The first task will be to provide an overview of key political, economic and
technological developments which have shaped the recent history of IEM in recent years (mid
2000s). The initial phase of IEM development saw the emergence of Regional Initiatives [33];
since then, efforts have been made to develop a single trading arrangement between IEM
pricing zones with the aim of optimizing electricity flows between previously separate market
zones. Through a series of expert interviews and analysis of key actors (such as ENTSO-E
and ACER), and of policy and strategy documents the research will examine conflicts and
synergies between the “cost-efficiency” logic embedded in the IEM and the increasingly
influential “engineer system building” logic associated with efforts to create the conditions for
new transmission investment across Europe.

Task 3.2: Through an in-depth case study analysis of the development of a North Sea
‘Supergrid’, the second task is to examine how processes at the EU level are influencing
specific developments at the national transmission regime level in the Norweigan, UK and
German contexts. Drawing on interviews and documentary analysis the case study focus on
how actors are navigating a complex political and market environment to create the
investment case for new interconnector investments (such as the NSN link which would be
the largest subsea electricity interconnector in the world).

Organization: RB leads this WP. ATG, JM and ADA will contribute.

Interaction: Task 3.2 will also draw on the emerging outputs of the national level case studies
in WP2. The outputs of this European level analysis will inform the analysis of technology
diffusion and industrial capacity in WP4 and WP5.



Expected Outputs: Working paper on IEM overview and key developments based on first
phase of interviews; working paper on transmission regime case study; two publications for
peer reviewed journals prepared for submission.

2.3.3 WP4 - Innovation networks in the grid technology supplier industry

The technology supplier industry for power grids is relatively small, highly specialized, and
predominantly global. Central actors in the industry are inter alia Siemens, ABB, and Alstom
(power electronics) and cable/wire producers and installers e.g. Prysmian and Nexans.
However, the supplier industry is now both diversifying and growing as new technologies
diffuse in the grids. First, new entrants emerging from Asia are expected due to existing
bottlenecks (see WP5). The prominence of the Chinese Electric Power Research Institute as
patent holder in HVDC (high voltage direct current) is indicator of Asian activity in grid
technologies. Second, ICT companies are entering as technology suppliers as the power grids
become “smarter” [34]. Third, there are also new entrants from offshore oil and gas
(predominantly from UK and Norway) entering installation and maintenance service for
offshore grids [35], [36].

We know that much technological innovation is taking place in grid technologies with the
most prominent area being HVDC technology [2]. Despite advances, grid technologies still
have vast development opportunities [37], [38] that may possibly re-open the “battle of
currents” [39] and, in turn, have disruptive impacts on the supplier industry.

Given the potentially central role of transformation of power grids for the energy transition in
Europe, it is important to understand in more detail the direction and extent of generation and
diffusion of new grid technologies. Currently, there are, to our knowledge, no industry and
innovation studies of the grid technology supplier industry.

The fundamental perspective is that technological innovation processes are a collective
phenomenon that emerges and develops over considerable time periods. Successful
innovation processes rely on input from a range of specialized firms and considerable support
from public organizations, meaning that innovation processes invoke the use of large
scientific-technological networks.

We will map (where they are) and analyze (how they have developed recently) these Global
Innovation Networks [40] in the grid technology supplier industry by use of patent data,
bibliometric data, and advanced social network analysis.

Task 4.1: First analytical step is to methodologically define a new technological field in terms
of patent clusters. Transmission grid technologies do not exist as a category in current
classifications. We will by use of expert interviews compile relevant technology codes to get
an accurate representation of transmission grid technologies.

Task 4.2: Patstat (the EPO Worldwide Patent Statistical database) will be used to analyze grid
technology patents and their evolution over time. Such data are often used as indicators of
technological knowledge flows (spillovers) among different agents. NIFU has access to the
most recent version of Patstat and will use the database for the patent analysis. We will
identify main applicants based on Patstat information.

Task 4.3: The bibliometric analysis will be based on a matching of two databases, INSPEC
and Scopus. The Inspec database contains over 14 million bibliographic and indexed records
to the global research literature on physics and engineering, among others specialized in
electrical engineering & electronics, computers & control and ICT. We will use the Inspec
Classification and the Inspec Thesaurus to identify relevant publications. Because Inspec
provides the institutional affiliation only for the first author, we will match this data with
Scopus from where full information on institutional affiliation will be retrieved. TIK has
access to this data.

Task 4.4: We combine the information regarding patent applicants and authors’ affiliations to
analyze these via social network analysis.



Organization: ADA will lead this WP with senior support from AK, NIFU. The PhD will also
contribute to this WP.

Expected outputs: Database on supplier industry and associated innovation networks in a TIK
report; Academic paper exploring the technological diversification of the supplier industry;
Academic paper analyzing dynamics of new entrants in the supplier industry.

2.3.4 WPS5 - Capacity bottlenecks in grid technology Supplier Industry

The grid technology supplier industry is small, highly specialized, and is currently facing
major market growth as renewable energy deployment grows. The primary limitation to such
growth seems to be the capacity of the industrial value chain to deliver [41]. For example,
there is a limited number of suppliers of subsea power cables, and the demand is currently
outpacing manufacturing capacity [42], [43]. In relation to the grid development plan 2014,
Statnett reports that within the last year capacity constraints in the technology supplier
industry led to higher prices and significant delivery delays [44]. In power electronics, the
frontier of HVDC technology is yet to be tested beyond the design stage, and capacity is
uncertain [45], [46]. There is a limited capacity for laying vessels for installing subsea grid
systems which severely augments total cost [47].

At the same time the 2012 Ten Year Network Development Plan (TYNDP) by ENTSO-E
identifies a need for about 52,300 km of new or upgraded HV routes before 2022, where
approximately 39,000 km will use HVAC, while 12,600 km, mainly subsea, will be HVDC.
Total investments costs are estimated at €104 billion, with €23 billion for subsea cables [48].
These estimates have been criticized for being conservative [49] as they do not assume
realization of EU renewable energy goals for 2020.In addition, the TYNDP doesn’t include
purely national investments and expansions in power grids such as connecting renewable
energy sources and general upgrading. The TYNDP estimates are thus likely to be quite
conservative. Globally, there are plans for building about a 120,000 km HVDC (mainly in
China) before 2020 [50].

In this context a central issue becomes one of timely upscaling of capacity amidst a market
growing more in speed and volume than was expected in the industry only a few years back
[51]. The extent of such bottlenecks is currently unclear and it casts doubts on the industry’s
capacity to deliver in due time which, in turn, may hold back and increase cost of
transforming the power grids. We propose to identify and assess these capacity bottlenecks in
Europe in terms of competences and human capital, financial resources, and other
complementary assets [9].

Task 5.1: We estimate future demand for grid technologies by compiling a combination of
national and international low carbon transition scenarios (including grid development plans)
developed by for example IEA, EU, or Green Peace for 2020 and 2030, respectively. We
develop very rough proxies for e.g. how many engineers a cable producer needs per 10 km
offshore grid, see [52]. We will extend this analysis to include other parts of value chain.
Task 5.2: We estimate the current capacity in the European supplier industry. We will search
for data on production, investment and employment growth. The companies identified in WP4
are main population but we will “test” representativeness of population via interviews with
industry experts and industry associations (e.g. Europacable). Many are listed at stock
exchanges, and we will have access to yearly reports. Also, information is available via media
coverage.

Task 5.3: We then use the database of innovation networks, developed in WP4, to design and
conduct an interview-based survey of the supplier industry. We present companies with
scenarios and proxies. We ask them to asses such resource demands, and to identify main

! Compared to the existing grid length of about 305,000 km.
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challenges for companies to develop capacity in due time. Results will be indicative of major
industrial and innovation policy challenges in grid transformation.

Organization: ADA will lead this WP. Other contributors are OW, JM and PhD.

Expected outputs: 1 project report, 1 academic paper on capacity bottlenecks, 1 academic
paper on the role of incumbent grid companies in the energy transition, and 1 working paper
on the grid industry in Norway (focus on new entrants from Oil and Gas).

2.4 Project Plan and management

The project is a collaborative venture between the research institutions organizations listed in

the table below. Letters of intent for the partnering institutions are attached to the application.

TIK will head and co-ordinate the project with Research Fellow/postdoc Allan Dahl Andersen
as project coordinator with responsibility for coordinating the work across WPs and following
up milestones®.

Organization Researchers Abbreviation
ETH Zurich Jochen Markard JM
University of Edinburgh Ronan Bolton RB
Nordic Institute for Studies in Innovation, Research and Education (NIFU) Antje Klitkou AK
Centre for Technology, Innovation and Culture (TIK) at the University of Oslo | Allan Dahl Andersen ADA

Olav Wicken ow
Center for International Climate and Environmental Research (CICERO) Anne Therese Gullberg ATG

The project research group is strongly inter-disciplinary (political science, innovation studies,
science and technology studies, history, and engineering) and has, despite consisting of
relatively young scholars, considerable experience in combining complementary research
approaches and methodologies. Work package leadership is divided between the partners as
outlined in descriptions of WPs. Cooperation between the main partners will be ensured
through joint inters in topic of research and several organizational mechanisms (project
workshops, see dissemination plan). Moreover, research stays of 2-3 months for ADA and a
PhD student are planned for Zurich and Edinburg, respectively. The project team further
intends to write and publish joint papers. In addition to the researchers mentioned above, the
project will recruit a PhD student to be located at TIK. The PhD will, ideally, contribute to
WP2, WP4 and WP5.

A project advisory board with Norwegian and international scholars, and industry
representatives will be established. The role of this board is to give suggestions for
approaches and data collection, comment and criticize preliminary findings, and help
disseminate and discuss results. The advisory board will consist of: (1) Professor Keith Smith
at Imperial College, who is an expert on Energy Transitions and Transnational Policy, and on
innovation studies; (2) Professor Magnus Korpas at Norwegian University of Science and
Technology (NTNU), who has been involved in numerous advanced modelling research
projects on grid management and transformation with respect to integration of renewable
energy and development of North Sea grids; (3) Leif-Wilhelm Ramslie from ABB which is a
major global grid technology supplier company. Moreover, Statnett has informally confirmed
that it is willing to participate in the board if the project receives funding. We further hope to
add representatives from Nexans.

The main partners each have a core knowledge base that combined will strengthen project
output. TIK involved researchers (ADA, OW) have a long record in conducting systems of
innovation and industrial dynamics studies in relation to renewable energy technologies.
CICERO has a long record in studies of energy policy studies. JM is a leading scholar in the
research environment on energy transition studies. RB has experience in research on change

2 Due to ADA’s current full-time employment in another Norwegian Research Council (NRC) project until
November 2015, OW will be formal project from July 2015 to November 2015. Also, if the project application is
successful, TIK has strongly signaled that ADA will be transferred from Postdoc to a Researcher position at TIK.
This avoids two subsequent postdoc periods financed by NRC, which is not allowed.
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and transformation in power transmission systems and electricity markets. AK is an expert on
patent, bibliometric, and social network analyses, and she will work closely with ADA. In
addition, the advisory board adds both vast research experience and industry perspectives.
Moreover, the project application fits thematically well into both the core profile of TIKs
innovation and energy group, and two on-going research projects: RenTrans, 2012-2015, and
ETIS, 2014-2017 (further info in application form). OW and Keith Smith are central to Rentrans
and involved in ETIS. ADA is, until November 2015, employed on Rentrans. This project
application would build on, compliment, and benefit from these other projects, and constitute a
continuation by the research council in building up research competence at TIK on a crucial issue.

2.5 Budget (see application form)
3 Key perspectives and compliance with strategic documents
3.1 Compliance with strategic documents

TIK has developed a long-term research program for studies of energy systems and transition
(http://lwww.sv.uio.no/tik/english/research/areas-of-research/energytechnologypolicy/). TIK is
part of the CenSES FME and Oslo University’s priority area UiO Energy. In these areas TIK
is involved in teaching, supervision and organizing courses at master and PhD level.

3.2 Relevance and benefit to society

The project will be of direct relevance for the grid technology provider industry and TSOs in
the countries studied in the project. It is also highly relevant for policy makers in developing
strategies for long term transformation of energy systems.

3.3 Ethical perspectives, environmental impact, and gender issues

The project does not address sensitive ethical issue that merit special consideration, and the
research will follow standard principles in research ethics. The project has no known direct
environmental impacts. TIK has a gender balanced research environment with female
majority among postdocs and PhD candidates. 40% of project team is female. Prospects of
recruiting female PhD is good based strong interest for renewable energy studies among
female TIK students.

4 References

[1] J. Gaventa, Infrastructure networks and the 2030 climate and energy framework. E3G Working Paper, 2013.

[2] A. D. Andersen, “An Innovation Systems Perspective on Infrastructure Sector Transformation — the Case of High
Voltage Direct Current Transmission Technology,” Environ. Innov. Soc. Transitions, no. Accepted for publication,
forthcoming, 2014.

[3] European Commission, Connecting Europe: the energy innfrastructure for tomorrow. 2012.

[4] EEGI, Research and Innovation Roadmap 2013-2022. European Electricity Grid Initiative, 2013.

[5] ETP, “Strategic research agenda for Europe’s electricity networks of the future: SRA 2035,” European Technology
Platform SmartGrids, Brussels, 2012.

[6] J. Markard, R. Raven, and B. Truffer, “Sustainability transitions: An emerging field of research and its prospects,”
Res. Policy, vol. 41, no. 6, pp. 955-967, Jul. 2012.

[7] F. W. Geels, “Technological transitions as evolutionary reconfiguration processes: a multi-level perspective and a
case-study,” Res. Policy, vol. 31, no. 8-9, pp. 1257-1274, Dec. 2002.

[8] F. W. Geels, “The multi-level perspective on sustainability transitions: Responses to seven criticisms,” Environ.

Innov. Soc. Transitions, vol. 1, no. 1, pp. 24-40, Jun. 2011.

[9] A. Bergek, S. Jacobsson, B. Carlsson, S. Lindmark, and A. Rickne, “Analyzing the functional dynamics of
technological innovation systems: A scheme of analysis,” Res. Policy, vol. 37, pp. 407-429, Feb. 2008.

[10] J. Markard and B. Truffer, “Technological innovation systems and the multi-level perspective: Towards an
integrated framework,” Res. Policy, vol. 37, no. 4, pp. 596-615, May 2008.

[11] A. Smith, J.-P. VoB, and J. Grin, “Innovation studies and sustainability transitions: The allure of the multi-level
perspective and its challenges,” Res. Policy, vol. 39, no. 4, pp. 435-448, May 2010.

[12] B. Sandén and K. Hillman, “A framework for analysis of multi-mode interaction among technologies with examples
from the history of alternative transport fuels in Sweden,” Res. Policy, vol. 40, pp. 403—-414, 2011.

[13] B. R. Martin, “The evolution of science policy and innovation studies,” Res. Policy, vol. 41, no. 7, pp. 1219-1239,
Sep. 2012.

[14] F. W. Geels, “From sectoral systems of innovation to socio-technical systems,” Res. Policy, vol. 33, no. 6-7, pp.
897-920, Sep. 2004.

[15] T. J. Foxon, “A coevolutionary framework for analysing a transition to a sustainable low carbon economy,” Ecol.
Econ., vol. 70, no. 12, pp. 2258-2267, Oct. 2011.



[16] J. Markard, “Transformation of infrastructures: Sector characteristics and implications for fundamental change,” J.
Infrastruct. Syst., no. June, pp. 1-23, 2011.

[17] K. Smith, “Innovation infrastructures,” in Regional development and conditions for innovation in the network
society, M. S. v. Geenhuizen, D. V. Gibson, and M. V. Heitor, Eds. Purdue University Press, 2005.

[18] A. Florini and N. Dubash, “Introduction to the Special Issue: Governing Energy in a Fragmented World,” Glob.
Policy, vol. 2, pp. 1-5, 2011.

[19] O. R. Young, Global governance: drawing insights from the environmental experience. MIT Press, 1997.

[20] F. Schipper and J. Schot, “Infrastructural Europeanism, or the project of building Europe on infrastructures: an
introduction,” Hist. Technol., vol. 27, no. 3, pp. 245-264, Sep. 2011.

[21] J. Markard and B. Truffer, “Innovation processes in large technical systems: Market liberalization as a driver for
radical change?,” Res. Policy, vol. 35, no. 5, pp. 609-625, Jun. 2006.

[22] D. Helm, “Infrastructure investment, the cost of capital, and regulation: an assessment,” Oxford Rev. Econ. Policy,
vol. 25, no. 3, pp. 307-326, Dec. 2009.

[23] G. Verbong and F. W. Geels, “Exploring sustainability transitions in the electricity sector with socio-technical
pathways,” Technol. Forecast. Soc. Change, vol. 77, pp. 1214-1221, 2010.

[24] R. Bolton and A. Hawkes, “Infrastructure, investment and the low carbon transition.,” in New Challenges in Energy
Security: The UK in a Multipolar World, C. Mitchell, J. Watson, and J. Whiting, Eds. Palgrave MacMillan, 2013.

[25] A. Battaglini, J. Lilliestam, A. Haas, and A. Patt, “Development of SuperSmart Grids for a more efficient utilisation
of electricity from renewable sources,” J. Clean. Prod., vol. 17, no. 10, pp. 911-918, Jul. 2009.

[26] EC, “European SmartGrids Technology Platform: Vision and Strategy for Europe’s Electricity Networks of the
Future,” European Commission, Brussels, 2006.

[27] R. Bolton and T. J. Foxon, “Governing Infrastructure Networks For A Low Carbon Economy: Co-Evolution Of
Technologies And Institutions In Uk Electricity Distribution Networks,” Compet. Regul. Netw. Ind., vol. 12, no. 1,
pp. 2-27, 2011.

[28] R. Bjelland-Hanley, Investment in the Norwegian main grid: Changing logic? MSc Thesis, Centre for Technology,
Innovation, and Culture (TIK), Oslo University, 2014.

[29] P. Thornton, W. Ocasio, and M. Lounsbury, The institutional logics perspective: A new approach to culture,
structure, and process. Oxford University Press, 2012.

[30] L. Fuenfschilling and B. Truffer, “The structuration of socio-technical regimes—Conceptual foundations from
institutional theory,” Res. Policy, vol. 43, no. 4, pp. 772-791, May 2014.

[31] EC, “Roadmap 2050: Practical guide to a prosperous, low-carbon Europe - Policy Report,” European Commission,
Brussels, 2010.

[32] EC, “Long term infrastructure vision for Europe and beyond,” European Commission, Brussels, 2013.

[33] A. Palle, “Regional Dimensions to Europe’s Energy Integration,” Oxford Inst. Energy Stud., 2013.

[34] S. Erlinghagen and J. Markard, “Smart grids and the transformation of the electricity sector: ICT firms as potential
catalysts for sectoral change,” Energy Policy, vol. 51, pp. 895-906, 2012.

[35] P. Jones, B. Westman, C. Plant, and M. Foster, “From generation to grid,” Renew. Energy Focus, vol. 8, no. 6, pp.
38-42, Nov. 2007.

[36] J. Lawso, “A perfect match?,” Renew. Energy Focus, vol. 12, no. 1, pp. 38-40, Jan. 2011.

[37] DENA, DENA Grid Study Il. Integration of Renewable Energy Sources in the German Power Supply System from
2015 — 2020 with an Outlook to 2025. Berlin: Deutsche Energie-Agentur GmbH (dena), 2010.

[38] FOSG, “Roadmap to the Supergrid Technologies - Update Report,” Friends of the Super Grid, 2014.

[39] T. Hughes, Networks of Power. Electrification in Western Society 1880-1930. Baltimore: The John Hopkins
University Press, 1983.

[40] J. Liu, C. Chaminade, and B. Asheim, “The Geography and Structure of Global Innovation Networks: A Knowledge
Base Perspective,” Eur. Plan. Stud., vol. 21, no. 9, pp. 1456-1473, 2013.

[41] OffshoreGrid, “Offshore Electricity Infrastructure in Europe: A Techno-Economic Assessment,” OffshoreGrid,
Brussels, 2011.

[42] L. Luo, R. Lacal-arantegui, J. Anna, S. Negro, R. Harmsen, G. J. Heimeriks, and M. Hekkert, “A Systemic
Assessment of the European Offshore Wind Innovation: Insights from the Netherlands, Denmark, Germany and the
United Kingdom,” 2012.

[43] Pike Research, “Submarine Electricity Transmission (Executive Summary),” 2012.

[44] Statnett, “Startskudd for ny nettutviklingsplan,” 28-Aug-2014.

[45] ENTSO-E, “Offshore Transmission Technology,” European Network of Transmission System Operators for
Electricity, Brussels., 2011.

[46] 0. Woolley, “Governing a North Sea Grid Development: The Need for a Regional Framework Treaty,” Compet.
Regul. Netw. Ind., vol. 14, no. 1, pp. 73-97, 2013.

[47] R. Gupta, “Offshore construction: how installation vessels must spur techno-economic solutions,” Wind Energy
Update, 2013.

[48] ENTSO-E, 10-Year Network Development Plan 2012. Brussels: European Network of Transmission System
Operators for Electricity, 2012.

[49] Greenpeace, powE[R] 2030 - A European Grid for 3/4 Renewable Electricity by 2030. Greenpeace Germany, 2014.

[50] Pike Research, “High-Voltage Direct Current Transmission Systems (Executive summary),” 2012.

[51] 0. Saksvik, “HVDC Technology and Smart Grid,” in IET International Conference on Frontier Computing, Hong
Kong, November 18 - 21, 2012, p. 6.

[52] S. Jacobsson and K. Karltorp, “Formation of competences to realize the potential of offshore wind power in the
European Union,” Energy Policy, vol. 44, pp. 374-384, May 2012.

10



