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Abstract

Today humankind is facing numerous sustainability challenges that require us to question
CO2 intensive practices like those present in the transport and energy sector. To meet
those challenges, many countries have adopted ambitious climate targets. Achieving such
targets requires an understanding of the wider socio-technical context in which, for
example, renewable energy projects, transmission grids and electric vehicles are
embedded. It is important to understand how such transitions and innovations can be
enabled in society. The aim of this licentiate thesis is therefore to analyse such socio-
technical transitions towards low-emission futures enabled by the electrification of
passenger car transport and high voltage grid development in the energy sector.

The thesis consists of three papers. Paper | presents a study of the goals, policies and
industry position regarding electric vehicle (EV) developments in Norway, Denmark,
Sweden and Finland. Two scenarios, an incremental and a breakthrough EV scenario, are
created by combining existing scenarios found in the literature. These are used to analyse
climate impacts as well as potential future policy requirements for attaining climate
targets. The analysis of governance measures showed that in terms of policy both a short
term and long term approach would be needed in a breakthrough scenario. On top of that
the actual technology development phase as well as the day to day life of potential electric
vehicle adopters have to be taken into account.

Paper 11 is a comparative analysis of the planning procedures for high voltage transmission
lines in Norway, the United Kingdom and Sweden, in order to study opportunities or
challenges in the established grid development regime. The goal of the paper is to identify
the institutional reasons for conflicts and how to address them, in order to create a more
sustainable grid development regime. The paper also analyses historical trajectories and
resulting technological setups of each case country’s grid. One of the main results of the
article when it comes to the planning procedures for grid development, is that a sole focus
on economic efficiency in grid planning will most likely be unsuccessful and actually will
lead to longer lead times due to citizen opposition. Instead, well spent time is necessary to
ensure legitimacy and social sustainability of grid planning.

Paper 111 is deepening the initial document analysis of paper | with regards to innovation
dynamics by conducting in-depth expert interviews in Denmark, Norway and Sweden. The
paper employs a joined Multi-level Perspective and Technological Innovation System
framework to better grasp dynamics within the technology niche but also the dynamics
between the innovation, the established regime and the external environment. Analytically,
this is called the landscape. The paper shows that strong initial technology legitimacy was
needed to start substantial innovation dynamics. This could be further strengthened with a
strong and broad coalition of actors around EVs. The legitimacy and quality of the coalition
of actors led, among other factors, to a larger variety and better match of the policy
instruments in Norway. This happened to a lesser extent in Sweden but not at all in
Denmark.

Building on the results in paper Il and paper I11, one important aspect that can be
highlighted is that there was a high need for legitimacy and political accountability across
the case studies at hand. Another point of discussion is the question of which actors were a



major driving force. In both the grid development and the electric vehicle papers, the local
and regional level played an important role. Also, in situations where the regime was not
favourable towards supporting the niche from a national level, municipalities could
compensate to some extent. An overarching question in all papers was how strongly the
socio-technical regimes would actually be changed by upcoming sustainability issues,
conflicts or niche developments.

Conclusions that can be drawn from the studies are that preconditions for transitions can
be found between and within the niche, the established regime and the landscape. Between
them favourable dynamics can eventually become motors that can sustain a development
long term. That entails factors like legitimacy, strong and coordinated coalitions,
established and concrete targets, preferably agreed upon in political consensus, and policy
instruments that take into account the dynamics between niche, regime and landscape as
well as the state of technology development.

As such this thesis has shown that transitions are not just about technology or policy
instruments as such but about the dynamics and processes needed to enable them. The
transition context (niche, regime, landscape), process (creating legitimacy, political
pressure etc.) and dynamic (motors) are important components, just as much as the
concrete policy solution. This can be relevant in other transitions that otherwise may
underestimate the importance of these components.

Concrete policy advice, which can be drawn from this research, is that there is a need for
both long term and short term policy environments that can spur innovation broadly as
well as more selected. There is also a need for a larger focus on the day to day life quality of
potential innovation adopters. The conflicts between local, regional and national levels of
government have to be able to come forward in a constructive way. Any policy instruments
put forward, should entail a mid to long term certainty in how long they would be valid for.
Moreover, they should be part of a common agenda that wants to reach a measurable goal
which in turn is guaranteed by a majority of the political parties.

Keywords: Socio-technical system, innovation system, transition, MLP, TIS, low emission
future, electric vehicles, high voltage transmission grid, Sweden, Norway, Denmark,
Finland, United Kingdom



Sammanfattning

Manskligheten behdver beméta flera hallbarhetsutmaningar som innebér ett behov av att
ifrdgasatta flera CO2 intensiva anvandningsomraden som bland annat finns i transport-
och energisektorn. For att méta utmaningarna har flera lander infort ambitiosa klimatmal.
I syfte att kunna uppna dessa behdvs en bredare forstaelse for det sociotekniska
sammanhanget som t ex projekt inom férnyelsebar energi, elnat och elbilar ar inbaddade i.
Det ar viktigt att skapa kunskap hur sadana omstallningar och innovationer kan bli
mojliggjorda i samhaéllet. Malet med denna licentiatavhandling ar darfor att analysera hur
sociotekniska omstéllningar mot lagemissionsframtider kan bli méjliggjorda genom
elektrifiering av personbilstransport samt kraftnatsutveckling i energisektorn.

Licentiatavhandlingen bestar av tva artiklar och ett bokkapitel. Artikel | ar ett bokkapitel
och undersoker mal, politisk installning och industrins position angaende
elbilsutvecklingen i Norge, Danmark, Sverige och Finland. Tva scenarier, ett med stegvis
utveckling och en genombrytande, skapas genom att kombinera scenarier fran befintlig
litteratur. De anvands for att analysera klimatpaverkan av elbilar samt for att foresla
mojliga framtida politiska atgarder som kan behovas for att uppna klimatmal. Analysen av
atgarder visar att det behovs bade kortsiktiga och langsiktiga politiska styrmedel for att
uppna ett genombrottscenario. Ovanpa detta behovs fokus pa den individuella
utvecklingsfasen av teknologin i fraga samt fokus pa anvandarnas vardagsliv.

Artikel 11 &r en artikel som jamfor planeringsprocesser for hogspanningsledningar i Norge,
Storbritannien och Sverige, i syfte att understka méjligheter och utmaningar i den
etablerade regimen for kraftnatsutvecklingen. Malet med artikeln ar att identifiera
institutionella orsaker till konflikt och hur man kan adressera dessa for att skapa en mer
hallbar kraftnatsutvecklingsregim. Artikeln analyserar ocksa historiska utvecklingsbanor
samt teknikupplégg i varje lands kraftnat. Ett huvudresultat angaende planeringsprocessen
for kraftnatsutveckling ar att ett strikt fokus pa ekonomisk effektivitet inom
kraftnatsplanering troligtvis inte kommer att vara framgangsrikt och dessutom kan leda till
langre utvecklingstid pa grund av motstand fran befolkningen. I stéllet ar det nodvandigt
att anvanda tiden val for att skapa och sakerstalla legitimitet och social hallbarhet av
kraftnatsplanering.

Artikel 111 fokuserar pa innovationsdynamik och fordjupar den forsta dokumentbaserade
analysen i artikel I genom att fordjupade expertintervjuer i Danmark, Norge och Sverige.
Artikeln anvander sig av ett kombinerat ramverk av "Multilevel Perspective” och
"Technological Innovation System” for att battre kunna forsta dynamik inom den
teknologiska nischen men ocksa dynamikerna emellan nischer, den etablerade regimen
och den externa omvarlden, som analytisk kallas for “landscape”. Artikeln visar att en stark
legitimitet for tekniken behdvdes for att starta en stark innovationsdynamik. Detta kan
senare styrkas med en kraftfull och bred koalition av aktorer kring elbilar. Legitimiteten
och kvalitén pa koalitionen av aktorer ledde, tillsammans med andra faktorer, till en stoérre
variation och béttre passning av politiska styrmedel i Norge. Sa blev inte fallet i Danmark
och bara i mindre omfattning i Sverige.

Baserat pa resultaten i artiklarna Il och 111, &r en viktig aspekt att det i alla fallen fanns ett
stort behov av legitimitet och politiskt ansvarstagande. En annan diskussionspunkt berér



de aktorer som var viktiga drivkrafter i utvecklingen. | bade kraftnatsartikeln och
elbilsartikeln har den lokala och regionala nivan spelat en viktig roll. Detta var &nnu
viktigare i situationer dar den etablerade regimen inte var positiv installd att stodja en
nisch fran den nationella nivan. Staderna kunde da delvis kompensera detta. En
overgripande fraga i alla uppsatser var ocksa hur starkt den sociotekniska regimen
egentligen kunde &ndras pa grund av kommande hallbarhetsproblem, konflikter och
utvecklingar i nischer.

Slutsatser som kan dras fran artiklarna ar att forutsattningar for omstallningar finns att
soka emellan och inom nischer, den etablerade regimen och landskapet. Mellan dem kan
fordelaktig dynamik skapas som sa smaningom kan bli motorer som kan bara en langsiktig
utveckling. Detta ar faktorer som legitimitet, starka och koordinerade koalitioner,
etablerade och konkreta mal foretradesvis skapade i en politisk samstammighet, och
politiska instrument som beaktar dynamiker inom och mellan nischer, regimer och
landskap samt den teknologiska utvecklingsfasen.

Avhandlingen visar att omstallning ar inte endast en fraga om teknologi eller politiska
instrument utan om dynamik och processer som tillater en sddan utveckling.
Sammanhanget i en omstallning (nischer, regimer, landskap), processer (skapa legitimitet,
politiskt tryck etc.) och dynamik (motorer) &r lika viktiga komponenter som den konkreta
politiska I6sningen angaende politiska instrument. Detta kan vara relevant i andra
omstéllningar som annars kan underskatta betydelsen av dessa faktorer.

Konkreta politiska rad som kan baseras pa denna forskning ar att det finns ett behov att
samtidigt ha langsiktig och kortsiktig politik som kan driva fram innovation bade brett och
mera selektivt. Det finns ocksa ett behov att fokusera mer pa anvandarna och deras
vardagsliv nar en teknikomstallning ska ske. Konflikter mellan lokala, regionala och
nationella styrningsnivaer behover ocksa kunna hanteras pa ett konstruktivt satt. Politiska
instrument som laggs fram behdover specificera hur langsiktiga de ar, och med hur stor
sékerhet. Dessutom bor de vara del av en agenda som stravar mot att uppna méatbara mal
som dessutom en majoritet av de politiska partierna star bakom.

Nyckelord: Sociotekniska system, innovationssystem, omstéllning, MLP, TIS,
lagemissionsframtid, elbilar, kraftnat, Sverige, Norge, Danmark, Finland, Storbritannien



Zusammenfassung

Die Menschheit muss sich derzeit mit mehreren Nachhaltigkeitsherausforderungen
beschaftigen, welche CO2 intensive Praktiken im Transport- und Energiesektor in Frage
stellen. Daher haben viele Lander ambitionierte Klimaziele verabschiedet. Um diese Ziele
zu erreichen, bendtigt es ein Verstandnis fUr den sozio-technischen Kontext in welchem
sich Projekte in erneuerbaren Energien, Hochspannungsleitungen und Elektroautos
bewegen. Es ist wichtig zu verstehen wie solche Umstellungen, ,,Wenden* und
Innovationen in der Gesellschaft ermoglicht werden kénnen. Das Ziel dieses Lizentiats ist
es deshalb, die sozio-technischen Umstellungen zu analysieren, welche eine emissionsarme
Zukunft ermdglichen. Dies geschieht mit einem genaueren Blick auf die Elektrifizierung
des autobasierten Personenverkehrs, sowie Hochspannungsleitungen im Energiesektor.

Das Lizentiat besteht aus drei Arbeiten. Arbeit | prasentiert eine Studie Uber die Ziele,
Politikinhalte und die Industrieposition von Norwegen, Ddnemark, Schweden und
Finnland bzgl. Elektroautos. Durch die Kombination bestehender Szenarien zu diesem
Thema wurden ein inkrementelles und ein Durchbruchsszenario entwickelt. Diese werden
anschlieflend verwendet, um die Klimaauswirkungen von Elektroautos zu untersuchen
sowie um potentielle, zukUnftige politische MalRnahmen zur Erreichung von Klimazielen zu
prufen. Die Analyse der verschiedenen, mdglichen politischen Inhalte zeigt, dass es sowohl
einen kurzfristigen als auch einen langfristigen Politikansatz fur ein Durchbruchsszenario
braucht. Zusatzlich mussen die aktuelle Entwicklungsphase der jeweiligen Technologie
und der Alltag von potentiellen Anwendern von Elektroautos bertcksichtigt werden.

Arbeit 11 ist eine vergleichende Analyse des Planungsprozesses fir
Hochspannungsleitungen in Norwegen, Grol3britannien und Schweden. Es werden die
Chancen und Herausforderungen des etablierten Regimes zur Planung und Entwicklung
von Hochspannungsleitungen studiert. Das Ziel der Arbeit ist die Identifizierung von
institutionellen Konfliktursachen und wie man diese adressieren kann um ein
nachhaltigeres Hochspannungsnetzentwicklungsregime zu entwickeln. Die Arbeit basiert
dabei auch auf einer Analyse der historischen Entwicklungspfade, sowie der
technologischen Zusammensetzung in den jeweiligen Fallstudien. Ein Hauptresultat ist,
dass bei dem Planungsprozess flir Hochspannungsleitungen ein einseitiger Fokus auf
wirtschaftliche Effizienz sehr wahrscheinlich nicht erfolgreich ist und stattdessen zu
Verzdgerungen aufgrund von Opposition fuhrt. Stattdessen ist es notwendig, gentigend
Zeit aufzuwenden um die Legitimitat und die soziale Nachhaltigkeit von Stromnetzplanung
zu gewahrleisten.

Arbeit 111 vertieft die erste Analyse aus Arbeit | zum Thema Innovationsdynamik durch
umfangreiche Experteninterviews in Danemark, Norwegen und Schweden. Die Arbeit
vereinigt dabei die ,,Multi-level Perspective* und den Ansatz des ,, Technological Innovation
System* um die Dynamik ,welche sich in einer Technologienische, aber auch zwischen der
Nische, dem etablierten Regime sowie der externen Umgebung (analytisch definiert als
»Landschaft*) besser abbilden zu kdnnen. Die Arbeit zeigt dass es eine starke anfangliche
Legitimitat bendtigt um die Innovationsdynamiken in Gang zu setzen. Die Dynamik
konnte anschlieBend weiter gestarkt werden durch eine starke und breite Koalition von
Akteuren mit Interesse an der Verbreitung von Elektroautos. Legitimitat und die Qualitat
der Koalition waren notwendige Faktoren fiir die Etablierung einer grof3eren Vielfalt unter



den Politikinstrumenten sowie auch insgesamt passgenaueren Politikinstrumenten in
Norwegen. Dies geschah nicht in Danemark und nur zu einem geringeren MalR3 in
Schweden.

Basierend auf diesen Resultaten werden unter anderen Aspekten die Notwendigkeit von
Legitimitat und politischer Verantwortlichkeit Gber alle Fallstudien hinweg diskutiert. Ein
anderer Diskussionspunkt ist, welche Akteure eine wesentlich treibende Kraft in der
Entwicklung waren. Sowohl in der Arbeit zu Hochspannungsleitungen, als auch in den
Arbeiten zu Elektroautos spielen die lokale und regionale Ebene eine wichtige Rolle. In
Situationen, in denen das etablierte Regime unvorteilhafte Bedingungen fir eine Nische
auf nationaler Ebene etabliert hat, konnten Stadte und Kommunen dies teilweise
kompensieren. Eine Ubergreifende Frage aller drei Arbeiten beschaftigt sich damit, wie
stark die etablierten, soziotechnischen Regimes wirklich von den aufkommenden
Nachhaltigkeitsproblemen, Konflikten oder Entwicklungen in einer Nische beeinflusst
wurden.

Eine Schlussfolgerung die man Ubergreifend ziehen kann ist, dass die Vorbedingungen fir
Umstellungen bzw. ,Wenden“ innerhalb der jeweiligen Nische und zwischen der Nische,
dem Regime und der Landschaft zu finden und zu analysieren sind. Zwischen diesen
Ebenen kdnnen Dynamiken mit der Zeit Motoren fur Veranderung werden, welche eine
Entwicklung langfristig in Gang halten kénnen. Dies beinhaltet Faktoren wie Legitimitat,
starke und koordinierte Koalitionen, die Etablierung konkreter Ziele, welche vorzugsweise
in einem politischen Konsensus entstanden sind, und Politikinstrumente welche die
angesprochene Dynamik zwischen den Ebenen aber auch den Entwicklungszustand der
Technologie mit einbeziehen.

Das Lizentiat hat gezeigt das eine ,,Wende* nicht nur einseitig mit Technologie oder
Politikinstrumente zu tun haben, sondern mit der Dynamik und den Prozessen welche
diese erst ermdglichen. Der Kontext fUr solch eine Umstellung (Nische, Regime und
Landschaft), der Prozess (Legitimierung, politischer Druck etc.) und die notwendige
Dynamik (Motoren fur Veranderung) sind genauso wichtige Komponenten wie die
konkreten Politikinstrumente. Dies kann in anderen ,,Wenden* relevant sein, in denen die
Rolle der angesprochenen Komponenten nicht akkurat dargestellt wird.

Als konkrete Politikempfehlung kann darauf hingewiesen werden, dass sowohl langfristige
als auch kurzfristige Politikumgebungen notwendig sind, um Innovationen breit aber auch
selektiv zu fordern. Es besteht auch der Bedarf an verhaltensbasierten
Politikinstrumenten, welche sich vermehrt auf die alltagliche Lebensqualitat von
maoglichen Anwendern von Innovation einstellen. Auch die Konflikte zwischen der lokalen,
regionalen und nationalen Regierungsebene missen in einer konstruktiven Weise ihren
Ausdruck finden kdnnen. Jedes Politikinstrument, welches vorgeschlagen wird, sollte auch
eine mittel- bis langfristige Planungssicherheit beinhalten. Auerdem sollten
Politikinstrumente Teil einer Agenda sein welche ein gemeinsames, messbares Ziel
erreichen will. Eine Mehrheit der Parteien sollte hinter diesem Ziel stehen.

Schlisselwdrter: Sozio-technisches System, Innovationssystem, Umstellung, Wende,
MLP, TIS, emissionsarme Zukunft, Elektroautos, Hochspannungsnetz, Schweden,
Norwegen, Ddénemark, Finnland, GroRbritannien
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1 Introduction

Today humankind is facing numerous sustainability challenges that require us to question
CO2 intensive practices. If we don't stabilize the CO2 content in the atmosphere, several
tipping points could be reached that can lead to even higher CO2 emission content
(Hansen et al., 2008; T. M. Lenton et al., 2008; Timothy M. Lenton, 2011). In 2010 the
transport sector alone stood for 23 percent of global energy related CO2 emissions (Sims et
al., 2014). In the EU28, the transport sector stood for approximately 20 percent of total
GHG emissions in 2014 (12 percent for cars) (EEA, 2016). What is also alarming is the fast
pace at which globally fossil fuel intensive practices are continuously adopted when it
comes to e.g. flying and passenger cars (Akerman & Hdjer, 2006; Sims et al., 2014). In fact
transport related greenhouse gas emissions have by 2010 more than doubled globally since
1970 and have increased at a faster rate than any other energy end use sector (Sims et al.,
2014). Around 80% of that increase has come from road transport. It has also been
predicted that passenger car ownership will increase from 0.6 billion in 2005 to 2.9 billion
by 2050 (Chamon, Mauro, & Okawa, 2008). In the EU28 in 2014, the emissions stemming
from the fuel combustion in public electricity and heat production accounted for 24-25
percent depending on the inclusion of international aviation in the total greenhouse gas
amount (EEA, 2016). The energy sector and the transport sector are also associated with
health impairing emissions like particulate matter, nitrous oxides and sulphur dioxide
(Sovacool, 2010). Additionally, there are challenges due to lock-in effects present in both
the electricity supply and distribution industry, as well as the transport sector (Unruh,
2000).The transport sector has proven to be a particularly hard to change sector when it
comes to greenhouse gas emissions, due to long lead times in car fleet renewal, high
development costs for new vehicle platforms, user and consumer behaviour, and other lock
in effects (Frank W. Geels, 2012; Kemp, 1994).

Renewable energy production, transmission of that renewable energy, and electrification of
passenger car transport are strategies to not only reduce CO2 emissions, but also to
increase security of energy supply and increase innovation (Cohen & Naor, 2013; European
Climate Foundation, 2010; Kim, 2014; Transport & Environment, 2016; Vine, 2012).
Particularly in North European countries, like Sweden or Norway, which have a minor
fossil fuel input for electricity production on average, electrification of transport has been
seen as a viable strategy. Overall in Europe and also in the case study countries present in
the papers of this thesis, quite ambitious climate targets have been adopted in the
described realms. One of these is the Swedish goal of achieving a fossil fuel independent
transport fleet by 2030 (Swedish Government, 2009). In this case, the goal was criticised
for not being well defined in detail, missing an action plan or of having no sufficiently
strong enough policy strategies to achieve it (Grona Bilister, 2011; IEA, 2013;
Riksrevisionen, 2013). What can be said in general, is that most such goals would probably
necessitate relatively fast deployment of suitable technologies with the corresponding
adoption dynamics. Those dynamics require an understanding of the wider socio-technical
context in which these technologies are embedded (Frank W. Geels, 2012; Tran, Banister,
Bishop, & McCulloch, 2012).

The high voltage electricity grids are also an important focal point of several of the
mentioned challenges and conflicts today. Since much of renewable energy is connected to
the power grid, new high voltage transmission grids are often needed in order to transmit



that electricity from at times remote places to centres of electricity consumption.
Furthermore, renewable energy projects sometimes require a modernisation of the grid
around them. The closure of fossil fuel or nuclear power plants in some cases also removes
a local power source that might be needed by local industry, which in turn increases the
need for high voltage transmission lines. Security of supply, a common issue high up on the
political agenda in many countries, may be increased through higher transmission
capacity. Also the ambition to integrate Europe’s regional electricity markets more and
more into a joint European electricity market, necessitates high transfer capacity across
borders to reduce bottlenecks in the system, which are after all the historic result of a
national development for such systems (Entso-E, 2016b; Hogselius & Kaijser, 2007).
Entso-E, the association of electricity grid operators, estimates a need for grid investment
in the realms of 150 billion Euros until 2030, or in another estimate 10-20 billion Euros
each year until 2050 (e-Highway2050, 2015; Entso-E, 2016a; van Renssen, 2015). Despite
the need for such projects, the reality is that one in three of such projects in Europe is
delayed (Entso-E, 2012). This can be attributed to e.g. permitting procedures that are
longer than expected, and local opposition against both the renewable energy projects as
well as the following grid projects. It is basically a double opposition that is being offered
despite the fact that in general citizens are in favour of renewable energy and necessary
grid projects (Satagen, Brekke, Batel, & Albrecht, 2015). This indicates a conflict between
national level policies and local community interests.

Other authors have researched electricity grids as socio-technical systems in the past.
Notably, Hughes, Kaijser and Hogselius have studied the emergence of Western as well as
North European Electricity grids and networks (Hogselius & Kaijser, 2007; Hughes, 1983;
Thue, 1995). Transformation oriented research in that area has for example focussed on
the deregulation of the electricity sector as a result of changes in ideology and national
politics (HOgselius, 2009; Hogselius & Kaijser, 2010). Hogselius used in depth interviews
to analyse the internal, entrepreneurial and institutional transformation the publicly
owned Swedish utility Vattenfall went through in light of its internationalisation strategy.
He showed how the business rationale grew more important than the national Swedish
energy policy, partly through a generational shift. Hogselius and Kaijser (2010) use the
concept of business and political arenas to analyse actor and stakeholder strategies in the
political process leading to deregulation of the electricity sector in Sweden. They
demonstrate how such actors can have seemingly opposing strategies in those arenas and
that stakeholders usually were wrong in their initial judgement of the consequences of
deregulation. Other research has focussed on how the electricity grid can be an important
part of transitions scenarios (Foxon, 2013; G. Verbong & Geels, 2007; G. P. J. Verbong &
Geels, 2010).Foxon (2013), and Verbong and Geels (2010) developed so called pathways
which each entail e.g. different framings and governance arrangements, which can
ultimately inform the political debate about which energy futures are possible. Doing so,
they broaden the scope by showing a way beyond pure economic modelling of future
electricity systems and technological fixes. Several authors have argued that the
transmission grid infrastructure should play a bigger role in studying transitions and
innovation systems that concern for example different renewable energy technologies
(Andersen, 2014; Flynn, 2016; Satagen et al., 2015). Andersen underscores this in the case
of high voltage direct current (HVDC) transmission grids in the context of the EU by using
a technological innovation system (TIS) approach that conceptualizes a socio-technical
sector as consisting of multiple TIS and technological fields. He describes infrastructure as



having a temporal duality that changes between long periods of stability and periods of
dynamic change through institutional or technological innovation. Andersen sees Europe’s
transmission infrastructure in a new “transformative period” which entails the
introduction of new technologies, institutions and organisations (Andersen, 2014, p. 91).
There is also a large body of literature dealing with questions of justice, public response,
acceptance and opposition when it comes to relationships between actors, groups,
communities or interests during the implementation of energy and infrastructure projects
(Aas, Devine-Wright, Tangeland, Batel, & Ruud, 2014; Batel, Devine-Wright, & Tangeland,
2013; Devine-Wright, 2011; Sovacool, 2009; Wistenhagen, Wolsink, & Burer, 2007). For
example Batel et al. argue for the need to move beyond the top down notion of
“acceptance” when discussing the social aspects of transitions on the level of local
communities (Batel et al., 2013, p. 4) .

Electric vehicles have also been increasingly studied from a socio-technical systems
perspective. Some studies highlight differently radical departures from the existing
transport regime, where electric vehicles are included in some of the options (Dijk, Orsato,
& Kemp, 2013; Nykvist & Whitmarsh, 2008; van Bree, Verbong, & Kramer, 2010). Nykvist
and Whitmarsh (2008) analyse the potential for system innovation in the transport sector
by looking at novel technologies (including battery only electric vehciles (BEVs)), a shift
from products to services and mobility management (Nykvist & Whitmarsh, 2008). They
point out that those niches could benefit from regime openings, but that there are also
diverging trends impacting the niches. Dijk, Orsato and Kemp show the historic origins of
BEV developments and see six future challenges for electric mobility to succeed, namely
infrastructure, a shift to mobility services, smart grid technology, changes in the global car
regime, changes in energy prices as well as climate policy and public opinion (Dijk et al.,
2013). Similar to Nykvist and Whitmarsh (2008) they also see other forms of mobility as
possible. Nykvist et al. have analysed electric vehicle adoption in Stockholm, by using a
multi-level transition perspective on the city level (Nykvist & Nilsson, 2015). They see it as
a paradox that one of the supposedly greenest cities in Europe has not scaled up electric
vehicles EVs faster. Among other results they find only limited accounts of successful local
EV initiatives and more specifically have encountered normative barriers to EV adoption
and a barrier in the form of unpredictability of national EV policy support. (Nykvist &
Nilsson, 2015, p. 40). In a recent publication, Figenbaum analyses the electric vehicle
transition in Norway (Figenbaum, 2016). He uses a multi-level perspective approach
(MLP) and uses four hypotheses that stipulate that the Norwegian adoption rates are the
result of well-functioning niches, a weak national internal combustion engine regime,
different windows of opportunity or a certain combination of governance mechanisms. He
finds support for all these hypotheses although to a varying degree. A broad study of
technical change from horse carriage to automobiles has been done by Geels (F. W. Geels,
2005). Geels demonstrates that this transition did not just occur as a simple switch from
one technology to another, but rather involved the initial development of particular, quite
separate niche applications for bicycles, electric vehicles, steam and gasoline automobiles,
all of which were not a threat to the horse based urban transport regime at the beginning.
Only steam based, as well as electric tram designs were in more direct competition to horse
trams, and much later gasoline automobiles managed to capture increasing market shares.
This represents a “widening up” and later “narrowing down” of technology options (F. W.
Geels, 2005, p. 473). .Later Geels also showcased the usefulness of the multi-level
perspective (MLP) in low carbon transitions in the transport sector in general (Frank W.



Geels, 2012). Previously, different strategies for developing alternative automobile
trajectories have been looked at, using the Netherlands and California as case studies
(Schot, Hoogma, & Elzen, 1994).

Overall, the need to reduce greenhouse gas emissions in both the energy and transport
sector, point to the need to analyse both high voltage grid development and the
electrification of passenger car transport, not just as technologies but from a socio-
technical perspective (Kemp, 1994; Thiel, Perujo, & Mercier, 2010; Williams et al., 2012).
Therefore, it is important to understand how such transitions and innovations can be
enabled and disabled in society. Nykvist and Nilsson also call for more comparative Nordic
EV related research to better understand the differences between Denmark, Sweden and
Norway (Nykvist & Nilsson, 2015). That way empirical evidence can be put into context to
previous pathway literature about electric mobility or on the different transition patterns
observed in other contexts.

The papers presented in this licentiate thesis contribute to the understanding of socio-
technical transitions. It adds to previous research by combining at times rather separate
lines of research, for example the MLP, the TIS framework, large technical system theory
and institutional theory.

2 Aim of the licentiate thesis

The aim of this licentiate thesis is to analyse socio-technical transitions towards low-
emission futures enabled by the electrification of the transport and grid development in the
energy sector. As such it is a future oriented perspective which looks at how normative long
term goals, like achieving a reduced greenhouse gas output, can be reached using a socio-
technical transition framework. Case study analysis and scenarios are used to come up with
policy recommendations as well as an understanding of how transition dynamics can limit
policy options and ultimately an innovations’ success.

On a more detailed level, the aim of paper I is to analyse what a fast rollout of electric
vehicles would mean in terms of policy and what the consequences could be for achieving
climate targets.

The aim in paper 11 is to analyse opportunities and challenges for creating sustainable
energy infrastructure, through a comparison of the British, Norwegian and Swedish grid
development regimes. The aim is also to compare how historical trajectories, grid planning
procedures and needs definitions influence environmental, economic and social
sustainability in high voltage transmission grid development in the different cases.

In paper 111 the main research aim is to identify barriers, drivers, dynamics and counter
dynamics for the increased use of electric vehicles in Norway, Denmark and Sweden. A sub
aim is also to understand such dominant dynamics taking place between the niche —
regime — landscape and how such dynamics can enable or disable the establishment of the
niche in the regime.

In paper | scenarios are linked to concrete transition policy suggestions as well as a
consequential life cycle assessment. In paper 11 high voltage electricity grid regimes are



analysed using a combination of known transition theories with institutional theory as well
as public response literature that is more rooted in psychology and behavioural sciences.
Paper 111 combines the TIS and MLP theories and focuses on the process or dynamics
within and between niche, regime and landscape levels. This is partially similar to
Figenbaum (2016) who used the MLP to study the case of Norway. Paper Il is however
different because it has focus on the dynamics, the combination of multiple theories and
the comparative analysis of several countries at once. All three papers also add to previous
research through using a comparative approach. This can provide valuable lessons that
otherwise would not be available since multiple countries are analysed using the same
methods and frameworks.

3 Background

3.1 Theoretical starting points / underpinning

All three publications are in one way or the other concerned with socio-technical change.
While paper 11 is about the conceptual development of a “sustainable grid development
regime”, paper | is about the possible environmental benefits of a future partially
electrified car fleet as well as the policy instruments to get there. Paper 111 is concerned
with how dynamics around electric vehicles (EVs) as a technological niche, can move closer
or further away from an established regime.

A relevant theoretical basis for all the three publications is the research branch of “large
technical systems” (LTS) and socio-technical systems. One of the main contributors to this
research was initially Thomas Hughes who focused his work on the development of the
western electricity networks (Hughes, 1983). He was one of the first scholars to use the
term socio-technical systems. Hughes’ starting point was the biography of Thomas Edison.
He describes him as a “system builder” who mixed matters such as economics, technology
and science in his business approach. Hughes describes those connections as a “seamless
web” (Hughes, 1986, p. 285). Hughes also conceptualises the notion of the “development
phase” of a system which would necessitate different measures (Hughes, 1983, p. 14, 1986,
p. 290). Hughes also coins critical problems or difficult complex situations in the
development of a socio-technical system as “reverse salients” (Hughes, 1983, pp. 14, 79).
He further elaborates that manufacturing firms, research laboratories, university
departments, utilities, banks and other organizations are often fully integrated components
in a system in which physical artefacts are also components (Hughes, 1986). He thinks they
are “a system because they fall under a central control and interact functionally to fulfil a
system goal, or to contribute to a system output” (Hughes, 1986, p. 287). He proposes that
technical, scientific, economic, political and social matters should be seen as overlapping
categories (Hughes, 1986). He also argues that it is very difficult to change a dominant
large socio-technical system and that any attempt to reform a technology without taking
into account the shaping context as well as the other parts of the system will, in his words,
be “futile” (Hughes, 1983, p. 465).

This is similar to the notion of what Unruh later refers to as path dependency (Unruh,
2000). Unruh understands socio-technical systems as developing along paths that get
incrementally improved over time. At the same time such path dependencies can work as



barriers that hinder change processes and can lead to the lock in of existing regime
structures.

After Hughes original work, the socio-technical system ideas branched out considerably.
Another important research stream for the thesis is the work by Frank Geels and other
Dutch scholars like Rip and Kemp which developed into the multi-level perspective (MLP)
(Rip & Kemp, 1998).

Building partially on Hughes, but also many other authors, Geels describes socio-technical
systems as a cluster of elements (technology, regulation, user practices, markets, cultural
meaning, infrastructure, maintenance networks, supply networks) (Frank W. Geels, 2004).
System innovation as another concept used, which he defines as the change from one
socio-technical system to another, and which is achieved by: technological substitution, co-
evolution, emergence of new functionalities (Frank W. Geels, 2004). Geels points to the
importance of taking into account different phases in system innovations (Frank W. Geels,
2004). A second aspect that Geels identifies, is the importance to distinguish different
levels of analysis (Frank W. Geels, 2004). For the purposes of his framework integration,
Geels points to the three level multi-level framework which was developed by Kemp and
others as a starting point (Frank W. Geels, 2004).

Building on that, Geels develops what he calls a “socio-technical regime” on the meso level
of the MLP framework (Frank W. Geels, 2004, p. 33). The regime term has similarities to
the socio-technical system but instead of just acknowledging the interactions, it focusses
on the coordination, alignment and orientation that a semi-coherent set of rules brings to
the activities of these actor groups (Frank W. Geels, 2004). In the author’s eyes, the socio-
technical regime is the reason for stability in socio-technical systems (Frank W. Geels,
2004). Geels mentions that this stability is still dynamic but usually only in an incremental
way (Frank W. Geels, 2004). The regime in Geels original version is comprised of
technology, scientific knowledge, markets/user preferences, infrastructure,
culture/symbolic meaning, industry networks and sectoral policy/institutions (Frank W.
Geels, 2004). While there usually is stability, these elements can also become misaligned
or unstable (Frank W. Geels, 2004).

On the macro level Geels introduces the socio-technical landscape. This is the external
context for actors in niches and regimes over which they have little direct influence (F. W.
Geels, 2005; Frank W. Geels, 2004). In a general sense it consists of deep structural
trends. More specific it contains “a set of heterogeneous, slow-changing factors” such as
cultural and normative values, broad political coalition, ideologies, long-term economic
developments, accumulating environmental problems growth, emigration etc. (Frank W.
Geels, 2004, p. 34). Apart from the slow changing aspects it also contains shocks and
surprises (Frank W. Geels, 2004).

On the micro level Geels uses the concept of niches that are somewhat protected from the
normal market selection (Frank W. Geels, 2004). They are an incubation room for radical
novelties. Important elements of niches are learning processes (technical, user preferences,
regulations, symbolic meanings etc.), experimentation and the building up of social
networks (Frank W. Geels, 2004). According to the author niches are geared towards
problems in the existing regime (Frank W. Geels, 2004).



When it comes to timing for change, Geels notes that for a radical innovation to break free,
the external circumstances and internal drivers have to be right. It is the linkages between
developments at multiple levels that are important as well as the timing (Frank W. Geels,
2004). From the perspective of the niche that means that there are processes at the regime
and landscape level that create a window of opportunity (Frank W. Geels, 2004). On the
regime level this means that the activities of the social groups can be misaligned, for which
there could be multiple reasons. The misalignment on regime level could be created due to
technical problems, diminishing returns, changing user-preferences, strategic games by
firms etc. (Frank W. Geels, 2004). Another possibility is that externalities caused by the
regime are problematized more. Landscape level development can come as beneficial or
unfavourable shocks and surprises.

Apart from the external circumstances, also the internal dynamic has to fit through
increased momentum and linkages in the niche (Frank W. Geels, 2004). When the radical
innovation enters the mass-market it will be in direct competition with the regime.

When it comes to the development of radical innovation over time Geels sees four main
phases of development. The first phase is the emergence of the novelty in an existing
context (Frank W. Geels, 2004). It is confined to technological niches and small market
niches and heavily influenced by the existing regime in terms of concepts and rules (Frank
W. Geels, 2004). A possible mechanism in this phase is technological add-on and
hybridization when novelties link up with existing technologies (Frank W. Geels, 2004).
The second phase, Geels calls technical specialization in market niches and exploration of
new functionalities (Frank W. Geels, 2004). This is achieved through the increase of niche-
actor interaction, socialization, institutionalization, professionalization etc. Learning
experiences increase and a trajectory of its own is developed. Users test out new
functionalities with the product. Overall the niche becomes more stable internally in that
phase. The third phase is about wider diffusion, the breakthrough of the new technology
and competition with the established regime (Frank W. Geels, 2004). For this to occur
external opportunities have to present itself but also internal improvement have to be
made, like e.g. price/performance improvements. Wider diffusion also creates higher
visibility. If enough momentum is established economies of scale, network externalities
and similar effects can be possible. The fourth and last phase is about the gradual
replacement of the established regime (Frank W. Geels, 2004). This is often a gradual
process as it takes time to improve the cost/performance ratio, establish all relevant
components (new infrastructure, new user practices, new policies, new organizations etc.)
and to conquer all markets in the system. Also the incumbents will defend themselves.
While those phases are theoretical descriptions of how a niche might develop, Geels later
conceptualised other forms of transitions as development or transition pathways (Frank
W. Geels & Schot, 2007; G. P. J. Verbong & Geels, 2010). They refer to different kind of
possible transitions with different kind of timing and interactions. These are particularly
relevant when discussing a variety of transition directions.

Concluding, Geels stresses again that a look at promising novelties is not enough but that a
look at processes in the regime and landscape is also needed (Frank W. Geels, 2004). But
he sees the regime not just as a barrier, but also as an opportunity for novelties to link up
with the regime. He also sees that system innovation can happen through the alignment or
linking of multiple technologies (F. W. Geels, 2005).



While the MLP approach is useful for the analysis of socio-technical change overall, also
because it takes into account hierarchical levels, it is not as strong in gaining a closer
understanding of internal niche dynamics.

A framework that takes a closer look at a particular system around technologies or
innovations is the technological innovation system. A TIS is a system focused on the
development, diffusion and use of a particular technology (Bergek, Jacobsson, Carlsson,
Lindmark, & Rickne, 2008; Carlsson & Stankiewicz, 1991, p. 111; Jacobsson & Johnson,
2000). Inherent to the TIS concept is the functional dynamics approach which makes it
possible to better identify key processes and interaction (Bergek et al., 2008; Hekkert,
Suurs, Negro, Kuhlmann, & Smits, 2007). One of the main TIS goals is the systematic
identification of policy problems (Bergek et al., 2008).

In terms of its system structure, a TIS is made up of three elements: actors, networks and
institutions (Bergek et al., 2008). Actors can be firms, public agencies, research
institutions or other organisations such as interest associations. Networks are particularly
relevant for the transfer of tacit and explicit knowledge (e.g. standardisation networks,
technology platform networks, policy networks, industry academia networks etc.) (Bergek
et al., 2008). If an actor is integrated in a network, it greatly increases the knowledge and
information base and such networks may also guide the perceptions around future
desirable or possible courses of action. On the other side, networks can also be limiting
technology choice. Institutions are the norms, rules, laws, regulation, routines and culture
that guide the actor’s actions in their interaction (Bergek et al., 2008). As such institutions
have a large impact on the path that a technology will develop on.

However the structure of an innovation system in terms of its elements (actors,
institutions and networks) is not enough to explain the system’s performance which is why
a look at functions is needed (Bergek et al., 2008; Hekkert et al., 2007). These functions
are in effect sub systems of the overall system and are characterised by a particular set of
activities essential to the development and performance of the TIS. Several such functions
are relevant to the performance of a TIS (Bergek et al., 2008). The grouping used by
Bergek et al. is entrepreneurial activities, knowledge development & diffusion, influence on
the direction of the search, market formation, legitimation, resource mobilization and the
development of positive externalities (Bergek et al., 2008). Some of these interactive
functions need to be addressed by e.g. policy makers simultaneously in order to allow
reinforcement, feedback mechanisms or complementary actions. If one of the mentioned
system functions is missing it is possible that the innovation system ceases to function.
Also, if feedback mechanisms between functions are neglected or overseen in the national
policies, technology development can lead to unintended outcomes or no outcomes at all.
Hence, those functions are both potentially inducing as well as constraining if they are
missing or being neglected in an innovation system.

Similar to the MLP, also TIS acknowledges different development phases. The first phase is
termed the formative phase. In that phase one usually finds competing designs, small
markets, many entrants and a relatively high uncertainty around technology, markets and
regulation (Bergek et al., 2008). Beyond that, certain factors are important that to some
degree resemble the system functions mentioned before. Among those are early market
formation (e.g. incentives for niche markets/protected spaces as well as demonstration



projects and experimentation in a variety of technology designs), the entry of firms and
organisations, institutional change or alignment (e.g. redirection of science and technology
policy and funding, market regulation and standards) and the formation of technology
specific advocacy coalitions (e.g. needed to engage in political debates and influence
institutions in the technology’s favour) (Bergek et al., 2008). After the formative period,
eventually a market expansion period is needed that further develops the TIS through
virtuous circles and cumulative causation (Bergek et al., 2008).

It is also recommended as an additional analytical step to identify and understand blocking
mechanisms or constraining factors e.qg. if institutions fail to align to the new technology,
niche markets are not formed, a lack of new actors on the markets prevails and networks
fail to help the TIS due to poor connectivity (Bergek et al., 2008). These can differ
depending on the development phase the system is in. These constraining factors can then
be addressed through specifying key policy issues to help policy makers.

Both the MLP framework and the TIS framework have merit, but they also have their
individual limitations. This is why it has been suggested several times to combine both
approaches (Markard & Truffer, 2008). The TIS framework can profit from a deeper
understanding of niche-regime interdynamics which is not conceptualised as strongly in
the original TIS framework. MLP can profit from a deeper understanding of how a niche
can develop internally.

In line with theories used in paper Il, the MLP framework can be extended in its regime
definition by considering also how a regime developed historically, e.g. how an electricity
grid developed over time. This will influence some of the heuristics of how an established
regime operates and hence can lead to path dependencies. Concretely, these can be defined
as administrative traditions which can explain the behaviour and structure of public
bureaucracies. In line with normative institutionalism these can be a historically based set
of values, structures and relationships with other institutions and society (B. Guy Peters,
2008). Each individual country can have its own interpretation 