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Abstract 
This master's thesis is written on behalf of the Royal Institute of Technology and the Swedish 
Transport Administration. The purpose of the study was to investigate, from a theoretical framework, 
the potential transition towards ERS from a specific actor's perspective. This actor is a consortium 
that represents and runs a small-scale socio-technical experiment in the form of an ERS 
demonstration project. The author has conducted the study through two main steps. The first step 
was to form an empirical starting point in the form of a literature study and interview study, followed 
by the creation of a theoretical framework with the central theory of transition management. The 
second step was a case study in the form of the ERS demonstration project eRoadArlanda, which 
was conducted through an interview study. Conclusions are based on the empirical material from the 
case study following the theoretical framework and concern the barriers and opportunities that exist 
within the development work regarding the transition towards ERS. 
 
In recent years, ERS has been mentioned as a strong candidate to counteract the fossil dependence 
of the transport sector. The transport sector is characterized as a sophisticated mature socio-
technical system in an incremental fossil-driven technological development pathway and, hence, is 
naturally resistant to radical changes. In recent years, driven by progressive political climate goals, 
the need to establish solutions for the transport sector's fossil dependency has intensified. This has 
led to the potential ERS solution, which, through years of various development projects, especially in 
the form of demonstration projects, is now being evaluated to be tested commercially in a pilot. This 
leads to various challenges and uncertainties and forms the starting point of the study. 
 

The study investigates a specific actor's perspective within a broad empirical context in the form of a 
potential transition towards ERS. A theoretical framework with the central theory of transition 
management has been used to explain critical factors within the studied phenomenon. Transition 
management is a framework that aims to facilitate socio-technical transitions by working with shared 
multi-level problem structuring and vision-creation, thereby facilitating knowledge development and 
multi-level participation. The result of the study is based on that the driving force of establishing ERS 
originally descended from a private and public collaboration and that this driving force, in recent 
years, has become more politicized. Within this aspect, the author highlights barriers in the form of 
disagreements regarding the problem that ERS intend to solve and a divide regarding—which 
characterizations should characterize the future system ERS. Also, opportunities are highlighted—
which are, aspects of the transition have been in accordance with the theoretical framework and can 
constitute a future basis for a successful transition to ERS. 
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Sammanfattning 

Denna masteruppsats är skriven på uppdrag av Kungliga Tekniska Högskolan och Trafikverket. Syftet 
med studien är att från ett teoretiskt ramverk undersöka den potentiella övergången mot ERS från en 
specifik aktörs perspektiv. Denna aktör är ett konsortium som representerar och driver ett småskaligt 
socio-tekniskt experiment i form av ett ERS demonstrationsprojekt. Författaren har genomfört studien 
genom två huvudsakliga steg. Det första steget var att forma en empirisk utgångspunkt i form av en 
litteraturstudie och intervjustudie, följt av skapandet av ett teoretiskt ramverk med den centrala teorin 
transition management. Det andra steget utgjordes av casestudie i form av ERS 
demonstrationsanläggningen eRoadArlanda som genomfördes genom en intervjustudie. Slutsatser är 
baserade på det empiriska materialet från casestudien i enlighet med det teoretiska ramverket och 
berör vilka barriärer och möjligheter som finns inom utvecklingsarbetet gällande ERS.  

Under senare år har ERS blivit nämnd som en stark kandidat att motverka transportsektorns 
fossilberoende. Transportsektorn karaktäriseras som ett sofistikerat moget socio-tekniskt system som 
befinner sig inom en inkrementell fossildriven teknologisk utvecklingsbana och därav är naturligt 
motståndskraftigt mot radikala förändringar. Under senare år, drivet av progressiva politiska 
klimatmål, så har behovet kring att etablera lösningar för transportsektorn fossilberoende blivit mer 
intensifierat. Detta har lett till den potentiella lösningen ERS som genom år av diverse 
utvecklingsprojekt, framförallt i form av demonstrationsanläggningar, nu är aktuell att testas 
kommersiellt i en pilot. Detta föranleder till olika utmaningar och osäkerheter och utgör studiens 
utgångspunkt.  

Studien undersöker en specifik aktörs perspektiv inom en bred empirisk kontext i form av en potentiell 
övergång mot ERS. Ett teoretiskt ramverk med den centrala teorin transition management har 
använts för att uttyda kritiska faktorer inom det studerade fenomenet.  Transition management är ett 
ramverk som ämnar att facilitera socio-tekniska övergångar genom att arbeta med gemensam 
problemstrukturering och vision-skapande på multinivå och därmed facilitera kunskapsutveckling och 
multinivå engagemang. Resultat av studien bygger på att den drivkraft att etablera ERS, som initialt 
härstammade från ett privat och offentligt samarbete, på senare år har blivit mer politiserad. 
Författaren belyser genom detta barriärer i form av oenigheter gällande problemet som ERS ämnar 
lösa samt en splittring gällande vilka karaktäriseringar som skall känneteckna det framtida systemet 
ERS. Dessutom belyses möjligheter - vilka aspekter av övergången som varit i enlighet med det 
teoretiska ramverket och kan utgöra en framtida grund för en framgångsrik övergång mot ERS. 

Nyckelord: electric road systems, transition management 
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1 Introduction

This master’s thesis is written on behalf of KTH Royal Institute of Technology and The

Swedish Transport Administration (Trafikverket). The study aims to investigate a poten-

tial shift towards ERS from a specific perspective through a theoretical framework with the

central theory of transition management. This chapter begins describing the urgency of

reform within the transport sector, followed by the study’s problematization. Finally, the

purpose and research questions of the study are presented, as well as what delimitations

have been made and what theoretical and practical contributions the study entails.

1.1 Background

The transport sector is considered a large and complex socio-technical system in close

connection with the economic development and prosperity of society (Tongur, 2018).

The complexity depends on different stakeholders, institutions, organizations, and var-

ious technological components, which, after a long period of co-evolutionary processes,

have grown stronger and more dependent on each other. This has resulted in a lock-in

effect on technology that focuses on incremental and rather radical change (Geels, 2002).

Thus, a transformation in the transport sector is more than just a technological shift, and

poses significant challenges as to how the introduction of alternative sustainable technolo-

gies (system innovations) can be implemented and facilitated (Tongur, 2018).

Given the global initiative for decarbonization, significant focus has been placed on how

to reduce fossil fuel dependency in the transport sector. The freight sector is one of

the most critical sectors regarding energy consumption (mainly from oil products) and

emissions of air pollutants and GHG emissions. As 97% of the energy consumption origi-

nates from oil-based fuels, the transport sector is in a challenging fossil dependency (IEA,

2017). The Swedish parliament has established strategic climate goals that stating that

CO2 emissions from the transport sector should decrease by at least 70% by 2030 and by

2045 reach zero levels (Regeringen, 2017). One solution to solving this is electrification in

the form of electric road systems, (ERS), which are used to supplement battery electric

vehicles with a focus on heavy-duty trucks (heavy traffic). The primary purpose of ERS

is to reduce the dependency of fossil-based fuels, reduce GHG emissions, and develop a

sustainable transport sector (Tongur, 2018).

In recent years, ERS has emerged as a strong candidate to achieve climate goals related to

fossil dependence and climate change (Tongur, 2018). ERS is an attractive solution since

it doesn’t rely on extensive and expensive batteries therefore creates stronger prerequisites

for the the electrification of heavy transport (Schulte and Ny, 2018). Several develop-

ment projects are being carried out globally and in Sweden for evaluation. Among others,

two ERS demonstration projects are currently being operated in Sweden: eRoadArlanda

outside Stockholm and eHighwayE16 outside Sandviken (Gustavsson et al., 2019). Also,

decision makers have directed a commercial and fully functional ERS pilot spanning dis-

tance of 20-30 km to be implemented and operational by 2021 (Regeringen, 2018).
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Prior to a potential large-scale development of ERS, important development work has

been performed in terms of testing and verifying various ERS transmission technologies

(ERS Technologies) in demonstration projects. The investment cost of implementing

ERS will be high, at the same time as there is uncertainty as to how different ERS tech-

nologies relate to the conventional technologies in functionality and reliability (Sundelin

et al., 2016). Given that ERS can be conceptualized as a chicken-and-egg problem, that

is, the value of the infrastructure is dependent on users, and vice-versa, it is considered

central to establish one or more standards for ERS technology (Nylander et al., 2017).

Currently, the Technology Readiness Levels (TRL) scale is used to determine the matu-

rity of each technology. In 2017, in Sweden, Siemens had ERS technology (eHighwayE16)

TRL level: 6, followed by Elways 4 (eRoadArlanda), Alstom 4, and Bombardier 4. The

TRL level of the technology to be considered ready for testing in commercial purposes is

6 (Sundelin et al., 2017). Following 2018, there was only one ERS technology that was

ready for testing in a commercial pilot and several other ERS technologies that were in

the development phase (Berlin and Engwall, 2018).

1.2 Problematization

Given that the development work around ERS is approaching commercial testing, several

areas of uncertainty arise. First, decision makers have issued a directive that the state’s

financing of the ERS pilot may amount to a maximum of 50% of the cost and a max-

imum of 300 M SEK, implying a 50% requirement of co-financing from private capital

(Regeringen, 2018). Given that the project budget for the demonstration projects eRoad-

Arlanda was 75 M SEK and eHighwayE16 125 M SEK, the construction of the ERS pilot

will require extensive co-financing from the business sector (Berlin and Engwall, 2018).

Second, few ERS technology are sufficiently mature to be used in a pilot. A demon-

stration project being up-scaled to a pilot implies transforming from a socio-technical

experiment to a commercial product that is handled by the market. The difference is

that experiments are protected from the market and do not involve significant strategic

financial investments. The transformation towards a pilot implies factors such as new

intellectual property rights and competition issues. Given that ERS is in an early devel-

opment phase, with few ERS technologies ready for commercial testing, the requirement

for private co-financing may have come at a such an early stage of the process that this

in itself endangers creating new risks and inhibiting development (Nylander, 2019).This

risks hampering the technical development of ERS technologies and thereby reducing the

potential of ERS as a whole.

Previous evaluation of ERS has mainly focused on electrifying heavy vehicles, the part of

the transport sector where fossil dependence is considered to be most difficult to remedy.

Furthermore, heavy vehicles are often used for commercial purposes in shuttle traffic,

which entails better conditions for financial investments compared to passenger vehicles

(Nylander et al., 2017). In contrast to this, Swedish ERS startup company Elways has

2



the vision of electrifying both heavy traffic and passenger cars with ERS technology.

They argue that since ERS conceptually utilizes smaller batteries it can increase the

impact of general electrification throughout the transport sector (ElwaysA, 2019). The

demonstration project eRoadArlanda is in the process of testing Elway’s in-ground ERS

technology. Elways, being a start-up company, can be described as an underdog com-

pared the multi-national Siemens company, which in 2018 represented the most mature

ERS technology (Berlin and Engwall, 2018). Siemens represents a conductive overhead

ERS technology which, because of its construction, excludes the use of passenger cars. In

Germany, Siemens and the German government are working together and are planning

to implement three domestic ERS demonstration projects. Also, a demonstration project

has already been carried out in Los Angeles along with the current project eHighwayE16

in Sweden outside Sandviken (Gustavsson et al., 2019). This illustrates that Siemens is a

dominant player with significant influence in the development work within ERS. Because

Siemens ERS technology excludes the use of passenger cars, it creates discussions about

whether or not ERS should include usage of passenger cars. This makes Elways and

eRoadArlanda with contrast vision an interesting collaboration to study, especially when

the development of ERS approaches commercial testing and discussions about standard-

ized ERS technology are being realized. This study will therefore analyze the potential

transition towards ERS from the perspective of eRoadArlanda and Elways. The scientific

phenomenon that will be studied is thus a socio-technical transition and will be examined

through the transition to ERS in the transport sector.

At a time characterized by powerful environmental policy (e.g., the Paris agreement,

the Swedish parliament’s climate goals), it places greater demands on understanding and

facilitating sustainable socio-technical transitions. The nature of sustainable development

is to steer and maintain a direction of development where the goal is non-static. This

is because the problem definition is generally characterized by uncertainty about natural

resources and the emergence of environmental problems (Voß and Bornemann, 2011). A

framework that aims to facilitate these challenges within a socio-technical transition is

transition management. It is implemented by systematically working with multi-level

involvement in the form of joint problem structuring and envisioning (Loorbach, 2007).

This study will use these characteristics of transition management as a starting point for

understanding and exploring a potential transition towards ERS.

1.3 Purpose

The purpose of the study is to investigate the potential transition towards ERS from

the specific perspective of eRoadArlanda based on transition management. A case study

will highlight aspects actors within eRoadArlanda consider to be critical for a transition

towards ERS. Such an exploration is motivated by: 1) The unique characteristics of the

ERS technology deployed by eRoadArlanda at this critical stage in the development and

commercialization process; 2) The impact of decisive environmental policy, where the

transition to ERS can be seen as a potentially effective alternative to counteract fossil

3



dependence in the transport sector. These collaborative factors create previously outlined

challenges which are relevant to investigate, and will be addressed within the context of

this work.

1.4 Research Questions

In order to operationalize the purpose of this study, the following research questions have

been formulated to be answered:

• RQ1: Which critical factors are emphasized to promote a potential transition to-

wards ERS from the perspective of eRoadArlanda?

• RQ2: How can aspects perceived as barriers within critical factors be counteracted

in the transition?

• RQ3: How can aspects perceived as opportunities within critical factors be de-

scribed?

1.5 Delimitations

The focus of this study will be the potential transition of ERS in Sweden. Then, the scope

of the study will mainly focus on the development aspects of ERS technologies. This is

due to the nature of the chosen case study ERS demonstration project eRoadArlanda,

which is centered on the development of ERS technologies. The vehicles that are discussed

are delimited to trucks that are classified as heavy and passenger cars. Actors that the

study intends to focus on within the investigation of eRoadArlanda are mainly the actors

who have leading project roles.

1.6 Contribution

The study’s contribution is twofold in the form of practical and academic contributions.

The academic contributions are mainly about characterizations within sustainable sys-

tem transitions by studying how multi-level problems structuring and envisioning can

facilitate multi-level participation. Findings from this study will also contribute within

the academic field of transition management with new empirical material. The practical

contributions are primarily about deciphering underlying driving forces from a specific

perspective within a comprehensive transition towards ERS. It can illustrate which fac-

tors that ignited the transition and which that may be essential to facilitate in future

work.

1.7 Thesis Outline

Chapter 2— Theoretical Foundation: This chapter presents the theories that form

the theoretical framework of the study. The framework has been established to under-

stand the empirical context . It is mainly about the emergence of socio-technical systems

and frameworks to understand and implement socio-technical transitions.
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Chapter 3— Research Methodology: This chapter describes the methodology that

was used to conduct the study and answer the research questions. First, the research

approach is described and motivated, followed by the research process, which will demon-

strate how the study is carried out. In addition, reliability and validity are discussed and

how this has influenced the results of the study.

Chapter 4— Empirical Setting: This chapter is intended to convey the empiri-

cal starting point of the study. First, a detailed description of the origin and definition of

ERS is given, followed by a presentation of the current situation for ERS and the types

of development projects that are planned to be implemented.

Chapter 5— Findings: eRoadArlanda ERS Case: This chapter includes the empir-

ical results of the study collected through an interview study with eRoadArlanda actors.

First, a background of the case is presented. Subsequently, three critical factors are pre-

sented, which, according to eRoadArlanda actors, are essential to facilitate. These three

critical factors also constitute the answer to the study’s first research question.

Chapter 6— Analysis: Identifying Barriers and Opportunities: This chapter

is intended to carry out an analysis and emphasize symmetries and asymmetries between

the three critical factors and the theoretical framework. Symmetries represent opportuni-

ties that can be according to the framework that can form the basis for future transition

towards ERS. Asymmetries represent barriers that, according to the theoretical frame-

work, can be important to counteract.

Chapter 7— Discussion: Within this chapter, several important aspects are discussed.

First, the study’s limitations are presented, as well as the evaluation of the study’s and

the theoretical framework’s perspective. Subsequently, a summary of barriers and oppor-

tunities is made, which is intended to answer the two final research questions of the study.

Chapter 8— Conclusions: This chapter presents the study’s conclusions and the

author’s recommendations.
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2 Theoretical Foundation

The purpose of this chapter is to give the reader an insight into the theories that form

the theoretical framework of the study. First, nature over the emergence of socio-technical

systems is presented, followed by a description of sustainable socio-technical changes and

transitions. The latter includes a framework for understanding socio-technical change,

the conditions that apply during sustainable development, and a framework that focuses

explicitly on sustainable socio-technical transitions. Finally, the theoretical framework is

presented, which will later be used to analyze the empirical material.

2.1 Emergence of Socio-Technical Systems

Rip et al. (1998) describes that the structure of modern technology can be explained as:

’a configuration that works’ and uses the perspective functionality of the technology as a

source for the emergence of a socio-technical system. This perspective of seeing technology

as functionality can create an understanding of how different components within a socio-

technical system collaborate and structure. Practically, this means that the configuration

is a combination of physical and mental elements that coincide with the purpose of the

configurations functioning.

”The configurations can look like tools (e.g., a natural gas combined-cycle tur-

bine) but include the skills necessary to install and operate the turbine and

manage the situations (including infrastructures, division of labor, and cultural

norms) in which they can be handled productively, and will thus work.”

(Rip et al., 1998, p.331)

Geels (2002) argues that the structure of the configuration can be derived from the rest of

society in a simple and clear manner. The configuration consists of a combination of ele-

ments that only work because they are composed in a certain way. Geels (2002) uses this

perspective to conceptually explain the emergence of the current transport sector. The

representation of the transport sector is shown in the Figure: 1. This conceptualization

implies that a socio-technical transition does not only imply the technological transition

but also entails transition of various interconnected components.
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Figure 1: Socio-technical system for modern car-based transportation (Geels, 2002).

Another perspective for understanding the origin and composition of socio-technical sys-

tems is through co-evolution, which means that the emergence of different elements causes

a co-evolutionary interconnection and the emergence of other elements. From this per-

spective, Dosi et al. (1998) argues that the emergence of new structures in the form of

institutions and organizations co-evolutionarily arises with the development of new tech-

nologies and industries. According to Hadfield and Seaton (1999); Kemp et al. (2007) the

perspective can be used in understanding and mapping relations between actors within

the socio-technical system. Regarding the perspectives with co-evolution, this is in line

with the current transport sector in which, for example, haulers, vehicle manufacturers,

petrol suppliers, and regulations are interwoven with causal relationships.

Finally, it is essential to note that the emergence of socio-technical systems that take

place through functional configurations and co-evolutionary processes results in a lock-in

effect regarding the technology that is focused on incremental- rather than radical de-

velopment (Dosi et al., 1998; Geels, 2002; Rip et al., 1998). From the perspective of

functional configuration, Geels (2002) and Rip et al. (1998) they argue that it entails a

natural resilience to radical change within the socio-technical system. Instead, it is char-

acterized by an incremental improvement track, which further promotes the development

of prevailing technology. In the same path Dosi et al. (1998) argues that the co-evolution

of new technology, structures, and accompanying organizations results in a trajectory and

thus a lock-in effect resistant to radical changes.

Since this study studies a phenomenon of sustainable development implemented through a

socio-technical transition, it is essential to understand the complexity and origin of socio-

technical systems. According to Kemp et al. (2007) and Hadfield and Seaton (1999),
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for example, the perspective of co-evolution can be used as a starting point for under-

standing how components within socio-technical systems are connected and what changes

are necessary within a transition. The next chapter describes the nature of sustainable

development and frameworks to understand the dynamics of socio-technical changes and

transitions.

2.2 Sustainable Socio-Technical Change and Transitions

2.2.1 Multi Level Perspective

Geels (2005) presents the Multi-Level Perspective (MLP) framework, which can be used

within sustainable transitions to describe and analyze the dynamic process that arises

from socio-technical change. MLP consists of three conceptualizing interacting levels:

socio-technical landscape, socio-technical regime, and niche as shown in the Figure: 2.

Figure 2: The multilevel perspective framework (Geels, 2005).

The landscape level is the representation of the components within the socio-technical

system that is at the macro level. This includes broader aspects such as political and

cultural trends, globalization, and environmental issues (e.g. climate change) which the

regime must adapt to. The regime level is described as the core of the socio-technical

system, which consists of rules and patterns that are embedded in networks of persons,

technologies, skills, infrastructures, and organizations. This level generally consists of

a high degree of stability of interconnected components that operate and maintain the

system. Incremental improvements within the regime are implemented following previous

designs and technological trajectory. The final level niche is represented by the radical in-

novations that arise in closed environments protected from market selection environment.

In this protected shelter, innovative and radical ideas can develop and grow within a learn-

ing environment. The development of innovations within the niche level is considered to

be strongly influenced by the current regime and landscape. Innovations from niche levels
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are considered to have a significant role in socio-technical transitions because it creates

the first idea of change. It is considered challenging for radical innovations within the

niche level to penetrate the regime, which often results in the innovation getting stuck and

remaining at the niche level. Successful transitions of niche-level innovations into regimes

usually depend on a coherent change at the regime and landscape level, which opens up a

window of opportunity. An important lesson from the framework is thus that successful

development of innovative technologies is not only dependent on processes at the niche

level but coincides with development at the regime and niche level (Geels, 2005).

2.2.2 Sustainable Development in Socio-Technical Transitions

The nature of sustainable development creates unique conditions for implementing suc-

cessful socio-technical transitions that require multi-level initiatives. Sustainable develop-

ment is defined as the transformation of trajectories that combine environmental sustain-

ability and societal economic profitability (WCED, 1987). Kemp et al. (2005) argues that

includes multiple transitions of system innovations and covers transformation in needs,

institutions, cultures, and approaches. Voß and Bornemann (2011) argues that sustain-

able development is to steer and maintain a direction for development where the target is

non-static. The problem definition is often dynamic characterized by uncertainty regard-

ing assets of natural resources and the emergence of environmental problems. Kemp et al.

(2007) and Hooghe and Marks (2001) argues that since sustainable development within a

socio-technical system requires multi-level participation, it is essential that there exists a

shared consensus within the system of what the problem is and what sustainability means.

Regarding the nature of sustainable development, Kemp et al. (2007) describes several

different problems that may arise within sustainable transitions of complex socio-technical

systems. First and foremost, it can be difficult to establish a uniform view of what sus-

tainability means in practice. Different perspectives and interests and the dimension with

national and global sustainability make it difficult to anchor a clear problem definition.

There also exists uncertainty regarding how results of specific actions will utter in a

long-term perspective. A short-term decision is often anchored with a position on which

direction the transformation should take. An additional risk in short-term decisions is

lock-in effects. For example, if the best alternative is chosen in the short term while other

alternatives are at a development stage, there exists a risk that the short-term decision

will characterize future investments.

These conditions have created a need for a more sophisticated approach based on multi-

level governance which introduces the necessity of Loorbach (2007) framework Transition

Management which intends to facilitate sustainable socio-technical transitions. With the

premise that sustainable development is a continuous process of changing conditions, it

requires an approach that is not based on the problem being static. Thus, methods

that use direct control, fixed targeting and predictability are excluded. This leads to the

main theory that the study will use, which is transition management. It is a framework
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that is based on the same conceptual concepts as MLP but has the purpose of adapting

to the specific nature of sustainable development and thus facilitating and promoting a

sustainable socio-technical transition in the long term.

2.2.3 Transition Management

Loorbach (2007) presents the governing framework Transition management which aims to

facilitate and accelerate socio-technical sustainability transitions by systematically work-

ing with multi-level involvement och create a common starting point and guideline for

the transition. It was introduced by the Dutch government in the Fourth National Envi-

ronmental Policy Plan and builds on the idea of co evolutionary sociotechnical systems.

(VROM, 2001; Voß and Bornemann, 2011) The approach is from a system perspective

and assumes that control and responsibility over socio-technical transition will extend over

several levels. Transition management aims at a long-term perspective (about 30 years),

organically developing multi-level anchored visions towards a sustainable socio-technical

system and finding short-term goals within these. By broadening the involvement of

actors on several levels, it is easier to steer the framework in line with prevailing social

values and beliefs (Loorbach, 2007, 2010; Kemp et al., 2007).

The purpose is to define, with multi-level involvement, the characteristics of the current

unsustainable socio-technical system and together develop a vision of the new sustainable

system and a joint guideline how to reach it. The framework consists of a cycle (shown

in Figure: 3) with four steps: 1): Problem structuring and envisioning, 2): developing

coalitions and short-term goals, 3): execution of experiments and projects and finally 4):

monitoring and evaluation (Loorbach, 2007, 2010).

Figure 3: The Transition Management Cycle (Loorbach, 2007).
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Each step is carried out at different MLP framework levels (landscape, regime and niche)

and has a different focus, purposes, and approaches. How the steps belong to different

focus is illustrated in Figure: 4. The first step: Problem structuring and envisioning

are carried out on landscape or regimes (e.g., decision makers or authorities) level. The

purpose is to create long-term (30 years) strategic guidelines towards transition with a

focus on changing abstract cultural patterns. The second step: developing coalitions and

short-term goals are realized at the regime level. The aim is, from a shorter time per-

spective (5-15 years) to tactically create structural changes within the regime in the form

of coalitions of new technological trajectories. The third step: execution of experiments

and projects is carried out at the niche level. The purpose is to, based on new potential

technological trajectories, form radical experiments and development projects to create

maturity for innovations and direct transition towards the sustainable socio-technical sys-

tem. The last and fourth step: monitoring and evaluation are distributed at all levels

(landscape, regime, and niche) to create an effective and learning environment with a

transparent and multi-level information structure (Loorbach, 2007, 2010).

Figure 4: The different types of approaches and focus within Transition management
(Loorbach, 2007).

2.3 Theoretical Framework

The process of understanding the theories that lay the foundation for theoretical frame-

works are shown in figure: 5. It starts with the emergence of resilient socio-technical

systems and the characteristics that are included in sustainable socio-technical transi-

tions (Dosi et al., 1998; Geels, 2002; Rip et al., 1998; Kemp et al., 2007). The driving

force that a specific socio-technical system is no longer considered to be sustainable (e.g.

the transport sector) leads to the need of understanding the dynamics of changes within

these systems and also facilitate the transition concerning characteristics of sustainable

development. This finally leads to the need for Transition Management (which shares

MLP’s conceptual components), which aims to facilitate a sustainable socio-technical

transition (Loorbach, 2007; Geels, 2002).
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Figure 5: The process of understanding the theories that formulate the theoretical frame-
work.

Based on the above theories (mainly Transition Management), a theoretical framework

has been designed which is presented in three different critical areas. The purpose of

the theoretical framework is to understand the dynamics and facilitate sustainable socio-

technical transitions. The three critical areas presented have mainly been derived from

Loorbach (2007) first three steps from Transition Management Cycle: 1): Problem struc-

turing and envisioning 2): Developing coalitions and short-term goals 3): Execution of

experiments and projects. The purpose of each critical area is to highlight an impor-

tant part that according to Loorbach (2007) should be counteracted in a sustainable

socio-technical transition.
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Critical Area Possible Implications Desired State Key Aspects of Facilitation

Creating a

joint perception

of the problem

• Lost sense of shared

urgency

• Inadequate

understanding of the

problem and actors

different perspectives

• Accompanying lack

of participation

commitment

• Shared sense of

urgency

• Shared mental

map of the system

• Common

understanding

of the problem

• Compose the transition arena (TA)

with innovative

actors with broad network

• Actors within TA should represent

several perspectives of the current socio-

technical system

• Emphasis on activities related to

problem structuring - a search and

learning process

Creating

multi-level

engagement

• Lack of participation

and commitment

• Failed internalization

of transition

• Shared direction

and ambition

• Shared development

criteria

• Developed networks

within the regime

• Initiate from a mutual problem

definition

• Shared vision illustrating key

characteristics of the desired

socio-technical system

• Formulate vision with the

underlying purpose of enabling

multiple solutions (sub-visions).

Penetrating

current

socio-technical

system

• Failed induction

of radical innovation

• Making vision more

concrete

• Involving actors

and consumers at

concrete level

• Testing assumptions

and options

• Implement Transition Experiments

(TE) in social context

• Use a wide portfolio of different TE

• Design TE so they can be measured

and combined with other TE

• Reduce risk in TE - Use

prevailing infrastructure.

Public & Private co-finance

Table 1: Summary of the theoretical framework.

The theoretical framework is summarized in the Table: 1. With the objective of a success-

ful sustainable socio-technical transition, a brief description following each critical area is

given in which implications that exist, what constitutes the desired state and what key

aspects that should be facilitated in order to reach the desired state. Below, each critical

area is described in detail.

2.3.1 Critical Area 1: Creating a Joint Perception of the Problem

In order to initially start the socio-technical transformation and use transition manage-

ment, Loorbach (2007) argues that a public actor should gather 10-15 actors from (both

niche and regime) the government, the knowledge institute, NGO’s and private companies

to be responsible and drive the transformation. The group is called the transition arena

and will represent the old and the sought-after sustainable regime. These actors should

be chosen according to innovative characteristics, abstract thinking, leadership qualities

and networks within the current regime. It is also considered essential that these actors
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represent a broad set of perspectives within the current regime. The purpose is to develop

ideas and transform and anchor these outside the group. Within the group, the problems

that require transformation are defined, and future solutions and vision is constructed.

The starting point for transition management is that the current socio-technical system is

built up by co-evolution and holds strong lock-ins. Therefore, an important theme within

the framework is conversation, participation, and learning - to discuss and emphasize

different perspectives from different actors - to explore ideas and anchor participation.

”Process here is as important as substance; the result of this phase should be

social learning in the sense that the actors have learned about other actors’ per-

spectives and values, about the complexity of achieving sustainable development,

the uncertainties regarding the future but also about the possibilities of influenc-

ing change and possibilities of cooperation. Actors will, after this phase, have

reframed both problem and solution”

(Loorbach, 2007, p.141)

The problem formulation phase is the first primary step and is described as an applicant

and learning process where disagreements between actors are negotiated to find a common

starting point. The outcome should be a shared sense of urgency, the development of a

common language, a shared mental image of the system and a shared understanding of

the problem. Loorbach (2007) argues that the problem should consist of several problem-

atic and coherent aspects. In the transport sector, for example, it is dependent on finite

resources; GHG emissions that affect climate change and geopolitical factors that create

uncertainty for the availability and price of oil resources. Loorbach (2007) argues that

different actors will have different perspectives on the problem that the transformation

should address. This requires discussion and negotiation to understand the surroundings

and find a common starting point. Most likely, actors will be resilient to this type of

general discussion; claim that they already understand the problem and instead want

to discuss solutions. Loorbach (2007) argues, however, that this phase is essential for

future discussion of solution strategies, agendas, and experiments. The phase will act as

a common starting point - to have a shared view of the current system, a common under-

standing of the problem and awareness of the different actors’ perspectives and values.

Practically, Loorbach (2007) suggests the problem structuring based on Integrated Sys-

tem Analysis (ISA). The purpose is to gather facts and data and to confront and discuss

each player’s perspective in order to be able to negotiate between actors. Based on the

ISA framework, relations between system components of the system shall be clarified and

thus enable discussion of positive and negative aspects of these relationships. Disagree-

ments about future external factors (such as battery development and system impact

of electrification) can, according to Kemp et al. (2007), be addressed through long-term

analyses that evaluate the systematic impact of potential solutions. It can act as a type

of back-casting method where the testing of solutions leads to long-term problems, which

can reformulate the viewers of the current problem.
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2.3.2 Critical Area 2: Creating Multi-Level Engagement

With the prerequisites that a transition in the transport sector requires multi-level ini-

tiatives from different actors, Loorbach (2007) proposes that it is beneficial to establish

a shared vision of how the system will look in the future. The starting point of creating

a joint vision should be a mutual problem definition, which has been discussed in the

previous critical area. The initiative to shape the vision is in connection with the struc-

turing of the problem within the transition arena which is initially composed by a public

player. The outcome should be a general direction and an approximate time frame that

establishes shared criteria for development with different development themes to achieve

the vision. The purpose of a shared vision is to create a sense of participation by actors

within the transition arena and facilitate initiatives towards a desired direction of trans-

formation. Based on the shared vision, Loorbach (2007) argues that actors within the

transition will develop and anchor the long-term vision within their network in the regime

by developing sub-visions and more short-term plans in the form of agendas, goals and

experiments.

The prerequisites are that the transport sector has emerged through co-evolution and

that this has resulted in a complex network with interconnected elements at different

levels. This aspect implies that a socio-technical system is characterized by locks and

natural resistance to radical changes (Geels, 2002; Dosi et al., 1998). Transition within

such a system thus requires multi-level commitment and initiative. This perspective cor-

responds to the transport sector and ERS where the commercial launch of ERS is highly

dependent on collaboration between several different actors at different levels.

Loorbach (2007) argues that there should be a consensus on a shared long-term vision,

but that the approach to achieving the vision should be left open to be dealt with by

actors within the transition arena and their interests. These actors will develop their own

sub-networks on regime and niche-level and anchor the transition by implementing sub-

visions and planned pathways. According to Loorbach (2007), the sub-vision is called:

transition image - a vision at sub level that is more concrete and measurable - and the

planned pathway: transition pathway - a planned guideline for achieving the sub-vision

that includes required actions, planned experiments, and long-term and short-term goals.

Loorbach (2007) argues that the creation of sub-networks, transition image, and transi-

tion pathway should be made on the initiative of their own interests. This aspect will

enable natural incentives to work towards the sub-vision and finally the overall vision.

“It is very important in this phase to stimulate the self-organizational process,

which requires patience and also trust in the process. Especially for those people

involved in organizing the process, letting go of control can be difficult because

of the uncertainty whether and how participants will follow-up on the process.

However, without commitment and active involvement of the participants, the

transition arena will not be effective. “

(Loorbach, 2007, p.145)
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Loorbach (2007) encourages the diversification of different actors’ sub-visions - that they

can be in line with each other but beneficial even in contrast to each other. The important

thing is considered a learning environment that explores different perspectives based on

the interests of different actors. By designing sub-visions based on the different interests

of the actors, Loorbach (2007) believes that it contributes to greater involvement and

participation, which is considered facilitating the transformation.

2.3.3 Critical Area 3: Penetrating Current Regime

After the transition arena has established problem formulation and vision which has then

been anchored in different networks at the regime level in the form of sub-visions, Loor-

bach (2007) argues that the next step for realizing the transition is through transition

experiments. These are derived from the sub-vision and thus have a connection to the

overall vision. Their purpose is to act as a knowledge base and to normalize the integra-

tion towards a sought-after sustainable system.

Loorbach (2007) argues that transition experiments are characterized by high risk, should

be carried out in a social environment and should be measurable. Since the primary pur-

pose of the experiment is to evaluate whether an innovation can form part of a more

extensive and sought-after sustainable system, the experiment should take place in a

social environment, preferably in collaboration with innovative actors from the regime.

Loorbach (2007) distinguishes between niche experiments and transition experiments in

which the former aims to test and evaluate a specific technology. The transition ex-

periment should thus be able to stimulate the maturation of co-evolutionary processes

between subsystems by being performed in a social environment and not just increasing

the maturity of a technology. Furthermore, it is emphasized that experiments - in their

nature as explorative and learning - are characterized by uncertainty and high risk. Loor-

bach (2007) argues that experiments are generally costly and time-consuming, which may

require measures to reduce financial risk. For example, it may be beneficial to use current

infrastructure and co-finance public and private capital experiments. Finally, Loorbach

(2007) argues that experiments should be designed so that they can be measured and

combined with other experiments. There should be a portfolio of various experiments

with different focuses that are carried out with the overall purpose of combining and

strengthening each other. The purpose is to explore the innovation in different parts of

the current system to increase general maturity. This will lead to a deeper understanding

and knowledge of the transition, which can facilitate future upgrading of the new sustain-

able system.

Given the choice of short-term steps or experiments, Kemp et al. (2007) argues that

it is generally a difficult challenge and gives some basic advice. Kemp et al. (2007) first

proposes a combination of forwarding and backward reasoning. Forward reasoning is pri-

marily through trend and forecasting analyzes that create a better understanding of the

future. With a better understanding of the future, it is possible to explain short-term
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goals and measures. Back-casting can be used to generate ideas about strategic exper-

iments and objectives for the transformation. Furthermore, Kemp et al. (2007) argues

that other experiments can help to explain problems and challenges that can form the

basis of other experiments with a different focus.
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3 Research Methodology

This chapter describes the methodology that was used to conduct the study and answer the

research questions. First, the research approach is presented, which is how the methodology

was designed to suit the purpose of the study. Next, the research process is described, which

is a more detailed description of how the study was conducted. Finally, sensitivities are

presented, which aims to discuss the validity and reliability of the study.

3.1 Research Approach

The research area is to investigate a socio-technical transition in the form of a potential

transition within the transport sector towards ERS in Sweden. The research approach

is inspired by transition management, which aims to facilitate, control and accelerate

complex socio-technical transitions by broadening participation. The study’s methodol-

ogy can be divided into two parts. The first part was conducted through a theoretical

and empirical review and a preparatory exploratory interview study. The purpose was to

formulate a theoretical framework and create an in-depth understanding of the empirical

context and formulate the aim of the study. The second part was a case study in the

form of the ERS demonstration project eRoadArlanda. The case study was conducted

by first documenting a empirical case background then by performing an interview study

with involved actors at eRoadArlanda. The purpose of the case study was to capture the

perspective of one specific actor within a comprehensive transition by gathering empir-

ical material from eRoadArlanda actors and analyzing the findings following transition

management. The case study will contribute to the academic field in socio-technical tran-

sitions by creating empirical data on the transition to ERS.

The automotive industry is a sophisticated and modern socio-technical system with

strong path dependencies and lock-ins with established technologies infrastructures and

user practices. It is considered vital for economic development and transportation needs

(Tongur, 2018). Given that a quantitative study requires a predictable environment to

not omit essential factors that affect the studied relationship, a quantitative study is

not suitable for studying this phenomenon. A case study can be used to gather detailed

empirical data, capturing the complexity of reality and is thus more suitable as it can cre-

ate a deep understanding of the phenomenon and discover new dimensions of a problem

(Blomkvist and Hallin, 2014; Denscombe, 2010; Collis and Hussey, 2009). Regarding the

case study, the author had close access to a broad network of actors within ERS industry,

which was mainly through contact persons from KTH and Trafikverket. The interviews

were carried out in person but also by phone.

Given that the study uses a theoretical framework for studying an empirical context,

both empirical and theoretical material have been reviewed. In the beginning of the re-

search process, the author collected various studies about ERS to learn more about the

phenomenon. However, it was difficult to find studies on certain parts of ERS. For exam-

ple, there are very few studies on socio-technical transitions towards ERS. However, there
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do exist studies and theories about socio-technical transitions towards different types of

sustainable systems. For the past two decades, research on socio-technical change has

taken the direction of a more complex area characterized by evolution between social

components and technology. The research has mainly been driven to solve challenges

such as CO2 emissions and fossil fuels dependency (Tongur, 2018). Given these studies,

there exist theories such as transition management that are correlated with the general

problem that ERS tries to solve in the form of a socio-technical transition towards a

sustainable system. This was the main reason why transition management was chosen to

constitute the central theory in the theoretical framework.

The research approach for this study is considered to be deductive. Deductive research

is generally conducted with a conceptual and theoretical structure being developed and

then tested upon an empirical context. This can be conceptualized as a specific instance

being deduced from a general structure. Thus, this includes gathering empirical data

from specific variables that the theoretical structure has identified as being significant

Collis and Hussey (2009). This process is consistent with the study’s research approach,

which first established an extensive theoretical framework that would be applied to an

empirical context. From the theoretical framework, with the central theory transition

management variables that were considered significant were rendered. These were then

evaluated on an empirical context - the potential transition to ERS - which was studied

through a empirical case study eRoadArlanda.

This study is both descriptive and explanatory. It is descriptive since socio-technical

transition have previously been investigated and resulted in various theories. It is also

explanatory since ERS is a new a unexplored phenomenon (Blomkvist and Hallin, 2014).

This study will therefore contribute with empirical material to understand and develop

the phenomenon of ERS.

3.2 Research Process

The study was conducted for 20 weeks in the spring of 2019 in collaboration with the

Trafikverket and KTH. The subject ERS was originally chosen by the Trafikverket, and

then a supervisor from KTH was selected with experience of ERS. The original problem

formulation was created by the Trafikverket but was subsequently changed on the initia-

tive of the researcher in agreement with the supervisor from the Trafikverket and KTH.

The reason was that, after preliminary investigations, the researcher found a problem in

the subject area that was perceived to be critical and had not previously been addressed.

An initially broad problem definition was then continued to be refined during the study

in collaboration with the supervisor. The research process is illustrated in Figure: 6 with

time perspective in Figure: 7.
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Figure 6: The research process of the study.

Figure 7: The research process of the study with time perspective .

The study process was mainly iterative and was driven by the exploration and compila-

tion of the empirical material that resulted in new insights and guidelines. During the

first phase of interviews, which for its purpose were exploratory, the empirical material

gave rise to gaps in knowledge that were filled by simultaneously reading literature in the

field. Collis and Hussey (2009) argues that this process - that empiricism gives a directive

against the theory is natural in exploratory studies which fit the subject area ERS, which

is considered new and unexplored. This approach was followed throughout the study,

where the researcher was guided by new emerging empirical data, which influenced the

direction of the study and subsequent discussion and conclusion.

During the beginning of the research process, several types of activities were started

to strengthen the knowledge of the study context and to create guidelines for the research

problem. A theoretical review, an empirical review, and an interview study were initiated

to create understanding and identify knowledge gaps in the subject area. During the

beginning of the research process, the perspective was broad, which resulted in a wide

selection and a large amount of theory and empirical studies on the phenomenon. Subse-

quently, by following references within relevant articles, a group of authors and a broad

subject area were identified (Blomkvist and Hallin, 2014). The choice of actors in the

interview study was based on tips from supervisors from the Trafikverket and KTH. The

structure of these interviews was unstructured, which suits when the research in advance

does not have a clear focus (Blomkvist and Hallin, 2014). The purpose was to meet sev-

eral actors with broad knowledge about ERS and thereby create an understanding of the

context from several different perspectives. The broad starting point enabled the scope

around the study to be selectively refined and finally identify a definite problem area.

This resulted in a research gap being identified, which gave rise to the study’s purpose

and research questions.
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The material that emerged from the theoretical-, empirical review and the interview

study constituted a knowledge base that created the conditions for the future case study.

Although the study iteratively collected material after empirical insights, the primary

empirical and theoretical material was established and evaluated prior to the case study.

It enabled the interview study (the second) in the case study to be limited to specific

themes, which, according to Blomkvist and Hallin (2014), is a prerequisite for being able

to conduct semi-structured interviews. Since the studied topic ERS is relatively new with

diversified views among different actors, the researcher has used various methods pro-

posed by Blomkvist and Hallin (2014) for validity and reliability. Among other things,

the theory is well in line with the research area and that there exists a consensus between

the researcher and interviewed actors regarding the interpretation of the empirical mate-

rial.

The reviewed theoretical and empirical literature is presented in two chapters: Theo-

retical Foundation and Empirical Setting. The literature that constitutes the theoretical

framework is only academic papers that present theories about socio-technical systems,

changes, and transitions as well as sustainable development. Empirical Setting consists

of both scientific articles and empirical material. Because ERS is a new phenomenon, few

reports exist with empirical material. For this reason, several reviewed reports were by

consulting firms, research institutes such as RISE and KTH and authorities such as the

Trafikverket. The focus was on presenting up-to-date material in this way to create an

understanding of the current status regarding the rapidly changing phenomenon of ERS.

Based on the theoretical framework and the empirical material, the case study was con-

ducted in the form of an interview study where the result is presented in the chapter

Findings. It is the main empiricism that, together with selected literature and other

empirical data is finally analyzed, which results in discussion and conclusion.

3.2.1 Theoretical Review

A theoretical review has been carried out to create a theoretical framework and thus

broadening the understanding of the empirical context. The theoretical framework has

been designed by exploring relevant theories from strictly scientific articles. These were

theories that described the emergence of socio-technical systems, how to understand

changes in these systems, and how this is affected by sustainable development. The

theoretical framework is presented in chapter: Theoretical Foundation.

3.2.1.1 Theoretical Framework The theoretical review started early in the research

process to design a theoretical framework and strengthen the understanding of the em-

pirical context. The subject areas studied have been the emergence of socio-technical

systems and frameworks for understanding changes and transitions within these systems.

Within the emergence of socio-technical systems, articles have been reviewed that docu-
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ment theories such as co-evolution and technical configurations. These are theories that

should explain how a specific technology gives rise to a linked and resilient system. Also,

articles have been reviewed that document theories of sustainable development and what

types of characterizations exist in sustainable socio-technical changes. This leads to the

last part of the theory area, where articles have been reviewed documenting theories in

the form of frameworks for understanding socio-technical changes and transitions such as

Multi-Level Perspective (MLP) and Transition Management. These theories are created

to conceptualize the system and thus explaining factors that give rise to the change. The

latter theory, Transition Management, uses the same basis of concepts as MLP and aims

to facilitate and support a sustainable socio-technical transition. Transition Management

is the primary theory within the theoretical framework that forms the primary basis of

the analysis. The whole process for the connection between these theories are shown in

the Figure: 8.

Figure 8: The process of understanding the theories that formulate the theoretical frame-
work.

The subject area in the reviewed theoretical literature coincides with the area that consti-

tutes the study’s problematization, which is advocated by Blomkvist and Hallin (2014).

The first part of the subject area - the emergence of socio-technical systems - is consistent

with the emergence of the transport sector, which is the underlying context of the study.

It should provide an understanding of the nature of the socio-technical system. The sec-

ond part of the subject area - frameworks for understanding socio-technical changes and

transitions - is in line with the starting point in the study’s problematization which is

about facilitating a socio-technical transition in the transport sector towards ERS. It will

help to understand and create factors that can support the sustainable socio-technical

transition.

All material that constitutes the completed theoretical literature is scientific articles,

reports, and books. It is material that has been scientifically verified before publica-

tion and is therefore considered to be reliable. This means that the theoretical framework

used in the study is structured with reliable theories. Several different channels have been

used to collect the reviewed literature, primarily Google Scholar and KTH Primo. The

search for material has mainly been based on studying relevant references of articles and
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thereby building up a broad network within the subject area. Keywords have included:

technological transitions, co-evolution, sustainable development, multi-level governance,

multi-level analysis, transition management.

3.2.2 Formulating the Empirical Setting

In order to convey the study’s empirical context within ERS, a background documentation

has been carried out through an empirical review supplemented with some information

from an interview study. The empirical literature study has been carried out by studying

contemporary empirical studies from Swedish authorities and research institutes, which

are presented in the chapter: Empirical Setting. The purpose of the interview study was

to give the researcher a deep insight into the different actor’s perspectives and develop and

guide the study’s problematization. However, some information from the interview study

has been presented in chapter: Empirical Setting in the form of insights from interviewed

actors relevant to the empirical background.

3.2.2.1 Empirical Review The empirical review presented in Empirical Setting aims

to give the reader a broad introduction and convey the empirical context of the study

regarding ERS. The chapter begins by describing how the transport sector is considered

unsustainable and why ERS is a potential solution. Next, ERS is described in more detail

by documenting technical aspects. Finally, a contemporary picture is given of planned

and ongoing development projects globally and in Sweden, which is also supplemented

with the results of the interview study.

The information that constitutes the chapter Empirical Setting is primarily no published

scientific writings but instead is reports issued by authorities, and research institutes. The

reason is that the phenomenon of ERS is generally new and therefore only documented in

scientific writings in certain aspects. The areas in the chapter that generally contain sci-

entific writings are the description of the transport sector and simulated implementations

of ERS. The sources that have primarily been used in the chapter are various reports pub-

lished by authorities and research institutes. These reports are empirically focused and

have the purpose of conveying a contemporary image of the rapidly changing phenomenon

of ERS. Current reports from authorities are mainly from the Trafikverket, which is the

authority that is primarily responsible for the development of ERS. Current reports from

research institutes are, for example, from RISE and KTH, which are often empirically

focused in various aspects of ERS in Sweden. Also, the chapter is supplemented with

information from the interview study where actors from the Trafikverket and the Energy

Agency provide insight into their planned development work within ERS. It is insights

that experts can consider obvious but not documented explicitly within reports.

3.2.2.2 Interview Study 1 An interview study has been conducted to give the re-

searcher a more in-depth insight into the research context of ERS. The primary purpose

was to investigate the perspective of different actors and develop and facilitate the prob-

lematization of the study. Since ERS is a relatively new and unexplored phenomenon, an
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interview study of qualitative nature was considered appropriate. Blomkvist and Hallin

(2014) argues that interview study as a research method is suitable for developing a deeper

understanding of a phenomenon. Since quantitative data collection methods generally re-

quire a predictable context in order not to reduce the complexity of the phenomenon, it

was therefore considered more suitable for a qualitative data collection method regarding

the research context ERS (Blomkvist and Hallin, 2014).

This part started early in the research process and was aimed at creating a more in-depth

insight into the various actor’s contemporary perspectives on ERS and thereby creating

direction and focus for the study’s problematization. The information that emerged dur-

ing these interviews highlighted the different actors’ perspectives and general challenges

that had not been documented in empirical reports. The challenges that emerged were

whether ERS should target both passenger cars and heavy traffic, and how the develop-

ment around ERS should be driven to penetrate the mature transport sector. It gave

the reason for studying the phenomenon of a socio-technical transition - expanandum

- and using the transport sector as a potential transition to ERS and eRoadArlanda -

explanans (Blomkvist and Hallin, 2014). The majority of the empirical material from

these interviews was not explicitly written in the study but had an implicit role in guid-

ing the study’s direction and problematization. However, material from actors from the

Trafikverket and the Swedish Energy Agency is reported in the chapter: Empirical Set-

tings where they provide insights about the planned national development work regarding

ERS.

The data collection was done through unstructured interviews that enabled the respon-

dent to provide elaborate and detailed answers on various problem areas and challenges.

Unstructured interviews can be used to create an understanding of the respondent’s world

view and to obtain commercially sensitive information. This can be done by preparing

a few open questions that lead to new follow-up questions (Collis and Hussey, 2009).

The interviews were prepared by the researcher reading material that had been published

or linked to the respondent, which subsequently resulted in a few open questions. The

purpose was that these open questions would lead to follow-up questions and enable an

elaborate answer. This would make the respondent think and reflect and thus, provide

detailed answers. At physical meetings, the conversation was recorded after approval by

the respondent. A detailed description of all meetings is shown in the Table: 2.

Organization Function Interview Date
Duration

(min)

Interview

Type

KTH Researcher 22 jan 2019 65 Face-to-Face

VTI

Deputy

Director of

Research

30 jan. 2019 90 Face-to-Face

RISE Senior Researcher 7 feb 2019 67 Face-to-Face
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KTH
ERS Technical

Specialist
8 mars 2019 53 Face-to-Face

Trafikverket
Program Manager,

Elvägar
28 mars 2019 28 Phone Call

Swedish Energy Agency ERS Specialist 28 mars 2019 63 Phone Call

Trafikverket
Assistant Project

Manager, Elvägar
29 mars 2019 34 Phone Call

Table 2: Interviews in first interview study.

The data analysis was carried out by first transcribing the interviews that were recorded

and then explaining different themes that the respondents discussed. The process was

iterative - the researcher transcribed the results immediately after the interview, which

gave new insights and raised issues in the next interviews. In this way, for example,

an operator’s perspective could be tested against someone else’s. This result helped to

determine the empirical problematization of the study, i.e. what problem the study in-

tended to investigate. The problem could be generalized to a phenomenon - sustainable

socio-technical transitions - and studied by examining the case example eRoadArlanda.

The result showed several insights that were worth studying more closely. Among other

things, there was a homogeneous opinion that the driving force for establishing ERS in

recent years has become more political and governed by ambitious climate goals. Also,

the origin of ERS was considered to have been through private and public cooperation

within the regime governed by a rooted problem of fossil dependence in the transport

sector. The result also showed a disagreement as to whether or not ERS would target

passenger cars. These factors illustrated a complex problem of how ERS should be at-

tempted to develop organically while taking into account ambitious climate goals. The

choice of case study is based on insights that emerged during the interview study, which

included interviews with actors involved in the eRoadArlanda project. They argued that

ERS should be developed organically, hence cautiously and thoughtfully. eRoadArlanda

represents one of many perspectives in a potential socio-technical transition towards ERS.

Their perspective is in contradiction with the prevailing political climate that seeks ac-

tionable action to achieve climate goals. This was the main reason why eRoadArlanda

was chosen as a case study.

3.2.3 Case Study: eRoadArlanda

As a case study, ERS and the ongoing demonstration project eRoadArlanda have been

chosen where ERS advocates a shift from the unsustainable transport sector. It fits the

research context that examines a socio-technical transition with focus on sustainability.

Results of the case study are presented in the chapter Empirical Findings: eRoadArlanda

ERS Case.

Given that ERS is a relatively new and unexplored area, there are large areas to ex-
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plore. Thus, the choice of case study is justified because the purpose of the study is

exploration and aims to discover new dimensions in a relatively unexplored area such as

ERS (Blomkvist and Hallin, 2014). Denscombe (2010) argues that a case study can cre-

ate a deep insight into an instance within a large phenomenon and then capture essential

aspects that had not been clear in, for example, quantitative data collection. This is in

line with eRoadArlanda, which is one of many perspectives within a broad transition.

A case study can thus capture a deep understanding of causal relationships, experience,

and processes that take place in a specific instance. The logic behind this is to elucidate

deeply-based aspects that may have broader implications - which probably had not been

discovered if the research strategy tried to capture many instances, for example, through

a survey report. This implies that the analysis can be more comprehensive and holistic

instead of being based on isolated factors (Denscombe, 2010).

Right now, ERS is in an early development phase where the technology is demonstrated

to reach maturity for potential commercialization. Challenging conditions in the form of

a sophisticated transport system and ERS in early development phase create discussions

about how the socio-technical system should be penetrated and how the technological de-

velopment around ERS should be promoted. Also, there is a complex problem - derived

from the first interview study - where the driving force for establishing ERS in recent

years has become more politically controlled by ambitious climate goals. eRoadArlanda

as case study is relevant because they have insight into the technology maturation pro-

cess for ERS and also have insight into work at meso and macro level to promote the

development around ERS. The empirical finding from eRoadArlanda can be applied to

create an understanding of general socio-technical transitions within sustainability and

also provide insights into the continued work for ERS.

In order to give the reader a detailed insight into eRoadArlanda’s purpose, origin and

operation, an empirical background review have been carried out, which is presented as a

chapter in the Case Study: eRoadArlanda. Since eRoadArlanda is a small-scale project

at niche level, there are few reliable scientific writings. Therefore, an empirically focused

report from KTH has mainly been used to describe the project.

The primary data collection method in the case study has been an interview study with ac-

tors from eRoadArlanda. The starting point was the theoretical framework whose central

theory transition management intends to facilitate socio-technical transitions. Thus, the

purpose of the interview study was, given the characteristics of transition management,

capture factors that eRoadArlanda actors considered to be critical within a potential shift

towards ERS. Given the empirical findings from the interview study, the study’s three

research questions could be answered.

3.2.3.1 Interview Study 2 An interview study has been conducted to answer the

study’s first research question and also create a basis for the study’s second and third

research question. The result of the interview study is presented in the chapter Findings.
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There, various critical factors have been presented that have derived from the empirical

material from the interview study.

Since ERS is generally a relatively new and unexplored phenomenon, an interview study

of qualitative nature was considered appropriate. Blomkvist and Hallin (2014) argues

that an interview study as a research method is suitable if one is interested in developing

a deeper understanding of a phenomenon. Since quantitative data collection methods

generally require a predictable context in order not to reduce complexity, it was consid-

ered more appropriate to use a qualitative data collection method regarding the research

context ERS (Blomkvist and Hallin, 2014). Regarding the design of the interview study,

a semi-structured approach was chosen. This is because structured interviews in the form

of questionnaires with yes / no questions require a more predictable context and do not

allow follow-up questions. It was not considered suitable for the overall exploratory re-

search design that seeks to understand the whole phenomenon of an unexplored area.

Thus, the semi-structured approach suited the research context whose approach was lim-

ited to different themes, which allowed follow-up questions and deeper insight.

The starting point for the interview study was a theoretical framework and a exploratory

interview study with various actors involved in ERS Sweden. Before the case interview

study was conducted, a theoretical framework had been formulated with a focus on socio-

technical transitions. Also, a previous exploratory interview study had begun with the

aim of creating directives for the study’s problematization. These interacting factors in-

fluenced the design of the interview study. Thus, the starting point was to - based on tran-

sition management characterizations - capture critical factors that eRoadArlanda actors

emphasized important for a successful potential transition to ERS. Transition manage-

ment characteristics are mainly that involved actors within the transition have a common

understanding of what the transition is intended to solve (common problem definition)

and what different solutions exist (vision).

In order to answer the study’s first research question: Which critical factors are empha-

sized to promote a potential transition towards ERS from the perspective of eRoadArlanda?

it was essential to interpreting the transition from the perspective of eRoadArlanda. The

interview questions were based on various themes that were derived from transition man-

agement. One the themes was problem - what is the perception of the problem that

ERS intends to solve? It was, therefore, essential to capture eRoadArlanda’s perspec-

tive in this aspect and what they considered other actors had for perspective regarding

this aspect. Another theme was vision - What conditions should apply to determine the

characteristics of ERS in the future? Here it was essential to capture eRoadArlanda’s

vision of ERS and how they perceived the perception of other actors about this aspect.

It was also essential to capture underlying drivers that explained the positions of various

actors. In this way, the interview questions were formulated to answer questions in the

following overall categories: Different stakeholders’ perspectives on the problem that the

ERS intends to solve; Different stakeholders’ perspectives on ERS solutions; Underlying
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factors within these. The result created an understanding of the different actor’s per-

spectives as well as underlying driving forces. Since one of the aims of the study was

to lift eRoadArlanda’s specific perspective in a comprehensive socio-technical transition,

the result may be angled to favor eRoadArlanda’s perspective. The empirical material

from the interview study was used to derive critical factors which are presented in chapter

Findings. It represents critical factors, from the perspective of eRoadArlanda, which are

considered essential to facilitate within the transition to ERS and thus constitute the

answer to the first research question.

In order to answer the second question: How can aspects perceived as barriers within

critical factors be counteracted in the transition? the underlying driving forces within the

critical factors were analyzed following the theoretical framework. Within each critical

factor there existed many barriers. These consisted of disagreements between actors of

eRoadArlanda and other stakeholders involved in ERS - due to various driving forces and

different perceptions of external factors. By applying the theoretical framework it was

possible to establish directives on how these could be counteracted. This was done by

deriving key aspects, which are aspects following the critical factor that may be important

to facilitate. The critical factors had initially been formulated following the theoretical

framework. It allowed that the derivation of the key aspects easily could be implemented.

The answer to the second research question is presented in the discussion under the

chapter: Counteracting Barriers In The Transition. It gives a clear description of the

connection between each critical factor and how it is facilitated through each key aspect.

The third research question: How can aspects perceived as opportunities within critical

factors be described? could be answered by capturing all aspects that were in accordance

with the theoretical framework. These can be conceptualized as opportunities since they

are characterized to be following the theory. The first research question would illustrate

which aspects from the perspective eRoadArlanda actors that were considered critical.

The second research question regards how the barriers within these can be counteracted.

The third research question can be described as underlying factors behind the barriers

that have been successful. Thus all the aspects that are in accordance with the theoretical

framework and transition management. The answer to research question number three is

presented in the discussion under chapter: Describing Opportunities Following Transition

Management. This is done by structuring the transition towards ERS at different levels

and then explaining similarities between transition management and the transition to

ERS. The entire structure of research questions and chapters is illustrated in the Figure:

9.
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Figure 9: The relationship of research questions and report chapters.

Interviews were conducted with various stakeholders from eRoadArlanda. By studying

Berlin and Engwall (2018) mapping of ERS, it was possible to explain which stakeholders

had a significant role in the project. It was mainly about the management team, which

comprised NCC, Elways, and VTI, among others. These actors have great responsibility

within the project and thus have a deep insight into the various processes. Also, some

players have been involved in ERS for a long time. Capturing their perspective is therefore

valuable since they have deep insight into the project and also general knowledge of ERS.

By interviewing these actors, the result of the interview study could thus represent a whole

of the phenomenon eRoadArlanda. Interviewed actors, time, and nature of the interview

are shown in the Table: 3. This study aims to lift the perspective of a specific actor.

Thus, there are underlying incentives for participants in eRoadArlanda to participate in

this study because it enables them to have a platform to lift their perspectives.

Organization
Function in

eRoadArlanda
Interview Date Duration (min) Type

NCC CEO RUAB 11 mar. 2019 91 Face-to-Face

Elways
ERS Technology

Inventor
21 mar. 2019 51 Face-to-Face

KTH
ERS Technology

Verification
5 apr. 2019 78 Face-to-Face

Vattenfall
Electricity

Distribution
10 apr. 2019 48 Phone Call

PostNord
Enviromental

Specialist
11 apr. 2019 76 Face-to-Face

NCC
Construction

Manager
11 apr. 2019 56 Phone Call

VTI
Project

Manager
15 apr. 2019 98 Face-to-Face

Table 3: Description of interviews with eRoadArlanda actors.
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Data Collection The data collection was carried out through semi-structured in-

terviews, which opened up the respondent to elaborate on his / her answers on a specific

topic. The choice of semi-structured interviews is based on the need for the researcher

to understand the underlying factors in each subject. According to Denscombe (2010),

semi-structured interviews allow flexibility, which thus opens up for follow-up questions

and can thus create in-depth understanding. This is suitable if the respondent, in com-

parison with the researcher, has in-depth knowledge within a specific topic. Thus, the

structure of the interviews enabled the respondent to develop his reasoning further rela-

tively freely, given the follow-up questions by the researcher. The researcher prioritized

personal meetings because, following Denscombe (2010), it is easier to control the con-

versation and ask follow-up questions. All meetings were recorded with the approval of

the respondent, which allowed the researcher not to take notes but instead to focus on

the conversation.

In total, seven interviews were conducted with actors from eRoadArlanda. A detailed

description of all the interviews is shown in the Figure: 3. The researcher prioritized that

the interviews should be carried out through personal meetings. When it was not possi-

ble, for example, by geographical complications, the interview was carried out instead by

telephone. 5 out of 7 interviews were conducted through personal meetings and the rest

via telephone. All the personal meetings were conducted by the researcher going to the

respondent’s office. The meetings took place in a closed and quiet room where only the

researcher and the respondent were present. All meetings were initiated by the researcher

asking for permission to record and then introducing himself and describing his thesis.

Subsequently, an introduction was made of the respondent, where he explained his role

within his company and eRoadArlanda. The remaining time was an active conversation

where the researcher and the respondent discussed the prepared questions. The inter-

views that took place via telephone were conducted through similar arrangements and

were also recorded after approval by the respondent.

Data Analysis The work of analyzing the material was carried out by transcrib-

ing and mapping the empirical material. The author transcribed the material iteratively

during the interview process. The approach behind the analysis approach is inspired by

Creswell (2014) and is based on encoding the transcribed material. After all the empirical

material had been transcribed, the reader began to read through all transcribed material

to find different themes. Then, all themes began to be written down in a list and grouped

into different categories. Finally, the actual coding began, where each theme was marked

in the transcribed material. Afterward, all categories were summarized in a short report

where each category was described in detail with opinions from different actors.

After completing the above work, three critical factors were derived. Thus, when the

empirical material had been transcribed and analyzed, it was possible to capture differ-

ent critical factors that were almost always discussed in the interviews. This was among

other things that ERS should be built for passenger cars, and that decision makers stress
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the development. It was presented as three critical factors in the chapter: Findings.

Within each critical factor, a detailed description of the underlying driving forces that

constitute the critical factor is given. These can be used to illustrate how the critical

factor was derived from the empirical material.

Given the determination of critical factors, an analysis was implemented examining how

each critical factor can be investigated deeper following the theoretical framework. Each

critical factor had initially been formulated to fit the structure of the theoretical frame-

work. Thus, it was easy to apply the theoretical framework in the analysis. The purpose

of the analysis was to investigate how each critical factor could be facilitated following

the theoretical framework. Also, the aspects from the critical factor that was already

following the theoretical framework were discussed. The analysis then constituted the

material used in the study’s discussion and conclusion.

In line with the structuring of results and discussion, the researcher has iteratively dis-

cussed this with supervisors at KTH and the Trafikverket and an external researcher

at KTH. Given that there is a difficulty in being a single researcher, personal meetings

and discussions can be significant. Thus, the researcher has planned various meetings to

discuss results and analysis in order to strengthen his understanding of his conclusions.

Writing Report During the course of the research process, the report has been

written iteratively, where the research question and problematization have changed during

the process. Since the study, exploratively attempted to capture an extensive phenomenon

- a socio-technical transition - it has been difficult to determine the scope of the study

initially. New empirical results have led the researcher to re-evaluate problematization

and research issues. This has led to certain sections being removed, moved around or

rewritten. It has also led to the acquisition of new theory. Significant work has also

been done at the end of the writing process, where various structures of results have been

tested against supervisors at KTH.

3.3 Research Quality

This section will evaluate aspects of reliability and validity concerning the study’s method-

ology. First, aspects of the research approach are explained, followed by a discussion

regarding the time perspective of the theoretical framework and the empirical context.

3.3.1 Research Approach

Since the research approach aims to capture specific aspects within an instance in the

form of a case study, a natural renunciation is made in the form of generalisability in

comparison with other similar instances. Case studies generally create difficulty in de-

termining how representative the case is for similar instances and whether the captured

insights are unique to the specific case (Denscombe, 2010). The researcher will thus try

to describe the process before the case study and how the case study has been carried
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out. This is to create insight for the reader about the conditions that have applied and

what types of deficiencies that exist within the study.

At the beginning of the research process, several activities were carried out with the

aim of creating a broad empirical context around the phenomenon of ERS. Within sci-

entific work, there are apparent deficiencies in the form of the researcher’s interpretation

of the empirical material and the interviewees’ knowledge of certain areas. Collis and

Hussey (2009) describes that it is essential for the researcher to be well acquainted with

the phenomenon being studied. This means getting strong contact with some informants,

collecting data from many different sources, and always trying to keep an analytical per-

spective. The researcher initially had the perspective of meeting as many different players

within ERS as possible. This was the reason for the extensive first part of the method,

which consisted of an empirical, theoretical review and an interview study. In the in-

terview study, representatives from eRoadArlanda, authorities, research institutes, and

universities were interviewed. This can be described as a type of triangulation where

different perspectives were compared against each other (Collis and Hussey, 2009). The

findings were diversified, with each player having their own specific opinions supported by

in-depth arguments. By recording and transcribing the majority of these interviews, the

researcher was able to create a broad empirical starting point within ERS. The researcher

also tried to analyze the interviewee’s perspective. For example, it was clear that some

actors were more objective than others and could talk more openly about problems. This

was since they did not have the same exposed risk within the transition to ERS in compar-

ison with other actors who were responsible or had clear financial incentives. The findings

of this part meant that the researcher could understand within the empirical context what

conflicts existed between different actors and what their perspective and agenda were. It

allowed the researcher to choose to deepen within a perspective, which was eRoadArlanda.

The study’s primary data collection took place qualitatively through an interview study

in a case study, which entails several shortcomings worth highlighting. The lack of using

qualitative data can be done by illustrating the strength of quantitative data. Quantita-

tive data can be captured at different times and contexts and measure specific isolated

instances. By carrying out quantitative data collection in several times and contexts,

isolated instances can thus make themselves independent of context and time (Collis and

Hussey, 2009). This entails confidence but also illustrates one of the qualitative data

deficiencies, which is generally context-specific data generated by the researcher. Collis

and Hussey (2009), therefore, considers it essential to describe the following shortcom-

ings: How the research context has affected the data collection; How the selection of

interviewers has affected the result; How the nature of qualitative data collection (inter-

view study) could have influenced the empirical material; How generation through the

researcher affected the integrity of the data. Collis and Hussey (2009) argues that all

these factors are counteracted by systematizing and structuring the method, which is the

greatest challenge for a researcher to do. The goal is to maintain the integrity of the data

by showing how it was created and what conditions were in place. Based on this descrip-
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tion, the researcher will now discuss these aspects highlighted by Collis and Hussey (2009).

The research context consists of an early development phase of a new socio-technical

system for a time characterized by rapid technological developments and global climate

problems. ERS is in early development, and there are shared opinions as to what role ERS

will have in the future. Also, technical development takes place in the form of digitization

and electrification in line with an outside world characterized by climate change. These

combined factors create an environment where it is natural for different actors to have

different perspectives. Thus, it is highly likely that interviewed actors from eRoadArlanda

can angle external factors to suit their agenda regarding the development of ERS. How-

ever, this does not make their perspective less important, but the reader should critically

relate to the arguments presented in the study.

The selection of actors interviewed from eRoadArlanda may influence the collected em-

pirical material. The choice of actors was based on Berlin and Engwall (2018) mapping of

eRoadArlanda. The researcher, therefore, selectively chose actors from the management

team, who thus have great understanding and responsibility in the underlying processes of

the project. There are mainly two areas to discuss in this area, the interviewees incentives

and the interviewees knowledge. Regarding the interviewees incentives, it is obvious that

their world view is in line with their underlying incentives. The researcher has, therefore,

tried to emphasize in the study that the arguments presented are from the perspective

of eRoadArlanda. There are apparent shortcomings regarding the knowledge of the in-

terviewers. The empirical context - socio-technical transition - is broad and covers many

different areas of knowledge. All the interviewees do not have specific expert knowledge

of all the areas that the study addresses. However, there is extensive expertise among

the interviewed actors, who in principle, cover large parts of the empirical context. The

researcher has taken this into account by merely conveying the aspects that were ho-

mogeneous between the interviews. The researcher has thus not conveyed aspects that

emerged in single interviews.

Regarding the nature of the interview study, the researcher has tried to maintain a neu-

tral position, thus making the respondent feel comfortable. As previously explained, the

research context is unstable, with respondents who have clear incentives. This means

that the researcher tried to be neutral in the interviews and did not take a particular

party. The researcher has, therefore, within the beginning of each interview, conveyed

that he is neutral and does not represent the thesis partners Trafikverket and KTH. It

has conveyed confidence for the researcher from the respondent, which meant that the

interview could discuss sensitive topics and made it possible for the researcher to capture

the respondents’ ”world view”.

Finally, the generation of data through the researcher should be discussed. All inter-

views in the case study have been recorded and transcribed. Subsequently, an extensive

coding process has been performed which is described in more detail in the research
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process. It is worth highlighting that the researcher is humble that it is in principle,

impossible to be fully objective. Thus, it is obvious that the researcher world view affects

the selection of the data. The results of the interview study have led to problems areas

that eRoadArlanda actors have been able to capture. These problems areas have subse-

quently been discussed and confirmed with supervisors at KTH and Trafikverket, as well

as certain actors from eRoadArlanda. During the study, an implicit collaboration with

an external researcher at KTH has taken place. This external researcher has previously

documented the same case study eRoadArlanda and also interviewed the same people

as the researcher. During the final phase of the study, the researcher and the external

researcher have sporadically met to discuss results and analysis. As a result, the study’s

conclusions have partly been confirmed by various parties.

3.3.2 Theoretical Framework: Time Perspective in Comparison to Empirical

Context

The theoretical framework with central theory transition management has been used to

understand and analyze the empirical context in the form of a potential shift towards

ERS. Overall, transition management intends to facilitate a socio-technical transition

for 1-2 generations (Loorbach, 2007). The time perspective for establishing ERS large-

scale commercial is, according to ERS actors, between 5 to 10 years. There thus exists

an asymmetry regarding the time perspective of the two phenomena. The application of

transition management on the transition to ERS, despite this asymmetry, can be strength-

ened through two aspects. These two aspects will now be described in detail.

The first aspect is about the nature of the empirical phenomenon. ERS intends to create

a transition in the transport sector. Tongur (2018) describes ERS as a socio-technical

system since it consists of a mixture of physical artifacts, actors, and a legislative ar-

tifact. A transition to ERS in the transport sector is thus not only an exchange of

underlying technologies. If ERS is to achieve innovation at the system level, extensive

investments are required in the form of development and commercialization of technol-

ogy (e.g., electric road trucks) and capital investments as infrastructure. This type of

combination is usually explained as a chicken-and-egg dilemma where the system is de-

pendent on users. Infrastructure investments are usually characterized by sunk costs, i.e.,

significant investments with a long repayment period. This characterization of infrastruc-

ture makes socio-technical systems such as the transport sector extremely slow-moving

(Tongur, 2018). Given that the time horizon for potentially large scale commercialization

of ERS is 5-10 years, it is, in context with socio-technical infrastructure transitions, an

extremely rapid development. This highlights that a potential shift towards ERS is very

ambitious and can almost be seen as unlikely. Thus, it is unlikely that a potential shift

towards ERS cannot be characterized as a typical socio-technical transition. This reason-

ing thus strengthens the application of transition management, as this theory emerged

through general socio-technical transitions.
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The second aspect is about which parts that are used from transition management in

the theoretical framework. Transition Management can be conceptualized in two parts.

The first part begins with the formulation of the group of innovative actors who define

the problem formulation and vision. It ends with the implementation of socio-technical

experiments, thus beginning to penetrate the unsustainable old system. Loorbach (2007)

describes this part: “The first cycle from expert-preparation to the implementation of the

first experiments takes roughly 2-4 years” (Loorbach, 2007, p.137). It aims to create the

start in the transition from idea to experiment. The second part is about broadening the

network within the transition, and in the long term (1-2 generations), realize the new

sustainable system. It intends to establish a learning culture with an open information

structure where bottom-up initiatives guide the direction of transitions. The theoretical

framework uses only the first part of the two described. The first part that, according

to Loorbach (2007), has the time perspective 2-4 years is mostly in line with the time

perspective of the development regarding ERS demonstration projects. It is, therefore,

suitable to use the formulated theoretical framework to analyze the potential transition

to ERS.
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4 Empirical Setting

This chapter present the empirical context of the study. The purpose is to provide a deep

insight into the the empirical characteristics that exist within ERS and thereby outline

the starting point of the study. First, the transport sector and the urgency for reform are

described followed by a description of ERS as a system and ongoing projects. Finally,

Trafikverket’s plan regarding ERS development projects is presented, supplemented by

comments from the responsible publishers from Trafikverket.

4.1 The Freight Sector

The freight sector works today’s society is in symbiosis with economic development and an

important complement to other freight such as traffic by rail, sea, and air. Benefits with

road transport that are often mentioned include flexibility, high capacity, and relatively

low cost (Tongur, 2018). Freight vehicles have a wide range of applications within to-

day’s economy. Some examples are the following: in industries such as clothing or food,

deliver goods from production to end location; in heavy industries work within closed

transport flows; within social functions deliver mail and manage garbage waste logistics

(IEA, 2017). Trucks are used primarily for commercial purposes and have customers such

as logistics and freight companies. What is valued in the purchase of trucks is primarily

functionality and reliability in the form of capacity, quality, and durability. The market is

generally characterized by high competition and small margins, which means that truck

buyers require high functionality at as low a price as possible. From truck buyers, such

as a freight company, the life cycle cost in the form of the initial price and fuel economy

constitutes one of the most important cost factors in the business (Tongur, 2018).

The freight sector can be seen as a socio-technical configuration that consists of sev-

eral linked elements. It is a paradigm that has gradually emerged through various types

of driving forces and can be seen as mature and sophisticated. Due to institutionalization

of ideas, markets and professions, a technological trajectory can be resistant against rad-

ical innovations, beyond the technological trajectory (Geels, 2002). Tongur and Engwall

(2014) describes the automotive industry within the freight as follows:

”the automotive industry is among the most sophisticated mass-production in-

dustries in the world. It is strongly related to technological innovation, advanced

production systems, and in many ways the modern way of life” (Tongur and En-

gwall, 2014, p.528)

These factors indicate that the freight sector is a sophisticated socio-technical system

with technological lock-in towards fossil fuels. This aspect makes the system resistant

to changes and is generally a problematic challenge in future electrification of the freight

sector.
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Figure 10: Global sectoral consumption of oil in 2015 (IEA, 2017).

The freight sector is one of the most critical sectors regarding energy consumption (mainly

from oil products) and emissions of air pollutants and greenhouse gases. The freight sector

globally represents 32% of the energy consumption from the transport sector, and 97%

of this energy consumption comes from petroleum-derived fuels. The transport sector

generally accounts for half the demand for oil globally. These conditions indicate that

the transport sector is one of the driving forces for globally increased demand for oil, and

since 2000, the freight sector has accounted for 35% of this net increase. Viewed from

industrial sectors, the freight sector in 2015 accounted for about 26% of total oil con-

sumption (see Figure:10). Since 97% of the energy consumption originates from oil-based

fuels (mainly diesel), the freight sector is in a challenging lock-in (IEA, 2017).

From a global perspective, oil dependence in the freight sector is problematic from several

aspects. Tongur (2018) summarizes this in three main problem areas. Firstly, which is

the most difficult, it concerns climate change and GHG emissions, which are due to the

combustion of oil-based fuel. Secondly, it relates to emissions of air pollutants, which is a

problem in public health and is based on vehicles consumption of diesel fuel. This aspect

is significant in densely populated cities. Thirdly, it is the geopolitical situation where

oil sources are in politically unstable areas. This aspect makes access to oil generally

uncertain which require domestic measures to diversify the energy sources and reduce

this dependency.

In comparison with the passenger car sector, the freight sector is considered to be in

greater need of transformation and more difficult to reform. Although the demand for

oil and greenhouse gas emissions is more significant in the passenger car sector com-
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pared to the freight sector, several underlying factors support this conclusion. According

to IEA (2017), the use of oil in the passenger car sector has declined in industrialized

countries compared to the freight sector whose used has increased. The vehicles in the

freight sector mainly use diesel, which accounts for 80% of the oil use in the freight sector

and accounts for about half of the world’s consumption of diesel. Transport from the

freight sector is planning to increase in the future, which is because transport activity is

driven by economic development. Growing economies, mainly in Asia, are expected to

account for 90% of this net increase. The primary fuel within this increase is expected

to be diesel based on oil and will thus increase global demand for oil (IEA, 2017). In

Sweden, the overall carbon dioxide emissions and energy consumption of passenger cars

have decreased, which has been the result of policy instruments in the form of carbon

dioxide tax and subsidies. The passenger car sector is not considered as sensitive to this

type of instrument in comparison with the freight sector. In the future, electrification

in the passenger car sector (electric cars and hybrids) and energy-efficient environmental

cars are expected to increase (Regeringen, 2013). As a result, the passenger car sector,

compared to the freight sector, has much clearer and more effective solutions available.

One of the prominent strategies to counteracting fossil dependence in the freight sec-

tor is the exchange of energy sources in the form of alternative fuels such as natural gas,

biofuels, electricity, and hydrogen. Natural gas is still derived from fossil sources and

has a high emission level of carbon dioxide during combustion. Biofuels are considered

an exciting alternative but will probably compete with food production in the future.

Hydrogen and electricity are considered to be the two sources that can have the most

significant impact on greenhouse gas emissions. An essential underlying factor, however,

is that the production of hydrogen and electricity is carried out by renewable energy

sources (Tongur, 2018).

Electrification has been a strong trend in the transport sector (above all the passenger car

sector) over the past ten years. This aspect is mainly due to technical development, re-

duced battery costs and commercial success in the passenger car sector of electric cars and

hybrids. Two commercial successes have been Tesla, which launched several electric cars

and the Toyota Prius which designed a hybrid by combining a conventional fossil-powered

engine with an electric motor. These commercial success have also been combined with

subsidies. (Tongur, 2018; Edelenbosch et al., 2018). Electrification has also been dis-

cussed in freight transport. A fully electrified truck has shown challenges in the form of

high initial cost, reduced load weight and lack of capacity in the battery (Mareev et al.,

2017; Tongur, 2018). However, ERS has conceptually managed to show potential and

manage these previous challenges. (Tongur, 2018; Mareev et al., 2017; Gustavsson et al.,

2015)
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4.2 Electric Road Systems

The main idea behind ERS is to have an infrastructure with electrified roads that pro-

vide dynamic power support to an electric vehicle. As such, power is supplied via the

road to the vehicle’s battery while the vehicle is running. ERS consists of the following

subsystems: the electric road, the vehicle, the power transmission technology, the power

grid, and the power stations (see Figure: 11). The concept ERS is not intended to be a

separate road system, but is built into the prevailing road infrastructure. This theoreti-

cally means that ERS is available for all vehicles that use conventional roads. The vehicle

using the ERS can use either an electric motor or a hybrid of diesel or gasoline such that

the vehicle can switch between the electric and conventional road, and as such be able to

utilize the entire conventional road network. Since ERS powers the vehicle continously,

the vehicle does not have to carry all the energy for the journey initially which means

that the battery size can be reduced. (Tongur, 2018).

Figure 11: Design principles of the electric road system (Tongur and Engwall, 2014).

Although ERS theoretically can be used for both heavy traffic and passenger cars, re-

search has mainly focused on heavy traffic. This originates from several aspects. First

and foremost, private sector interest in ERS has mostly been from the freight sector.

Passenger-car manufacturers are more focused on launching electric cars and hybrids and

energizing these through a network of charging stations (Trafikverket, 2017). From a

policy perspective, it is considered more challenging to adjust the oil dependency in the

freight sector in comparison to passenger cars which has been motivated in section 4.1.

Also, there exist stronger financial incentives to initially introduce ERS for heavy traffic.

Nylander et al. (2017) argues that since the freight sector is business to business based,

there is a more unambiguous entry in comparison with passenger cars. Vehicles (trucks)

in the freight sector are used more frequently compared with passenger-cars, which is

important since the funding base for the infrastructure in ERS is dependent on frequent

in-traffic usage. Cases of shuttle traffic in the form of ports or production routes provide

strong financial incentives for a stationary ERS infrastructure. The majority of passenger-

cars in Sweden are consumer products and thus controlled by other market forces such

as socio-economic status, which may indicate that it is more challenging to introduce a

cost-effective solution (ERS) compared to the freight sector.
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The vision for heavy traffic ERS is to expand on a large scale across Sweden’s coun-

try roads and link cities together. Initially, this has been done with the perspective that

the truck should carry large batteries and charge at specific high-capacity fast-charging

stations. This is the conceptual approach currently employed in the electrification of

passenger cars. The concept is promising from a life-cycle perspective with reduced oper-

ating cost and reduced emissions of GHG. However, disadvantages include high battery

costs, high battery weights and the need for expensive infrastructure (Gao et al., 2017;

Mareev et al., 2017; Çabukoglu et al., 2018). From this outlook, researchers began to

evaluate the possibility of continuously charging the truck while it was running, which

led to the idea of ERS. If ERS is expanded on large-scale, the benefits are as follows:

it is fossil-independent and emission-neutral; the efficiency of electric motors is higher

compared to conventional motors, while electricity is less expensive than fossil fuels; and

uses smaller batteries which is better for the environment (Tongur and Engwall, 2014).

Conceptually, the basic principles of ERS are defined - what is not determined is the

type of ERS technology that should apply as standard. There are currently three main

techniques discussed: overhead lines, in-road conductive and in-road inductive. Each

technology has advantages and disadvantages and is generally represented by a private

company (Tongur, 2018). Trafikverket (2018) carried out a preliminary study in which

they interviewed different actors regarding their opinions on ERS technologies. Their

general description of the advantages and disadvantages is summarized in the Table:

4. The advantage of conductive overhead technology is that it is considered a mature

technology. Disadvantages are that it excludes cars, is considered bulky, and can have

a more significant impact on the existing infrastructure. The advantage of conductive

in-road technology is that it enables useage from both heavy traffic and passenger cars.

Disadvantages are that it is immature and can create implications for motorcycles. The

disadvantage of conductive technologies, in general, is that they require physical contact.

The opposite is considered to be the great advantage of inductive in-road technology

which is also considered as a future technology. However, the technology is considered

immature and expensive.
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Technology Advantages Disadvantages

Conductive
overhead lines

• Mature technology

• Greater impact on the environment
& infrastructure
• Appearance
• Storms that can trap trees and
infrastructure
• Limited usability for lower
vehicles
• Contact surfaces

Conductive
in-road

• Suits both heavy and
passenger cars
• Immune towards storms

• Immature technology
• Two-wheeler accessibility
• Contact surfaces

Inductive
in-road

• No contact surfaces
• Future technology
• Flexible for maneuvers.

• Immature technology
• High costs

Table 4: General advantages and disadvantages between ERS technologies (Trafikverket,
2018).

Several demonstration projects regarding ERS are being executed and planned globally on

public roads to test the phenomenon in a social environment. The purpose of these types

of projects is to evaluate legal, political, economic and technology-related aspects of ERS.

By displaying ERS in the social environment, the phenomenon can build social maturity,

which can constitute a future basis for investors and enable ERS on a commercial level.

The two demonstration projects implemented in Sweden are eRoadArlanda and Electric

Road E16. eRoadArlanda is a 2 km long highway between Arlanda and Rosersberg that

utilizes a conductive power supply via rail that is located in the road. Elways provide

ERS technology. eHighwayE16 is a 2 km long highway in Sandviken that utilizes lines via

air that supply the vehicle via a pantograph. Siemens provide the ERS technology. In

Germany, three demonstration projects have been financed by the German government

and all routes use Siemens overhead technology. The projects are summarized in the

Table: 5 (Gustavsson et al., 2019).

Name Location

ERS

Transmission

Technology

Start of

Vehicle

Operation

End

E16 Electric road
E16 in Region Gavleborg,

Sweden
Overhead lines 2016 2020

SCAQMD Los Angeles County, USA Overhead lines 2017 2017

eRoadArlanda Arlanda Airport, Sweden Rails 2018 2019

ELISA A 5, Germany Overhead lines 2019 2022

FESH A 1, Germany Overhead lines 2019 2022

eWayBW B 462, Germany Overhead lines 2020 2023

Table 5: ERS: Ongoing, planned and ended demonstration projects (Gustavsson et al.,
2019).
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4.3 The Swedish Road Map of ERS

The national the road map of ERS for the period 2018-2022 is issued by Trafikverket

with the purpose to create conditions and evaluate ERS as a potential solution to achieve

the goals 2030 and 2045. The origin is a directive from the Government to investigate

solutions to the problems within the transport sector. If ERS is considered promising

it could potentially be included in the next long term infrastructure plan issued by the

Government 2022. The road map is implemented by investigating various knowledge gaps

within ERS in order to create an understanding of how the phenomenon can be realized

and used in commercial operation. This aspect is carried out by examining issues such

as market and financing combined with research projects focus on testing, verifying and

increasing the range of ERS technologies. Also, it is planned to launch a commercial

project in the form of a pilot which will test the entire system around ERS. Based on the

results of these activities and projects, Trafikverket will finally present a long-term plan

for establishing ERS (Trafikverket, 2017).

“We want to work through all aspects in the form of system definition, rule

issues, technology and then present to the Government whether it can be im-

plemented or not. Then you can include it 2022 in the infrastructure plan and

hopefully present the potentials with ERS.”

Actor, Trafikverket

The target vehicle type in the road map is heavy traffic, because the original directive

from the Government aimed at the freight sector. This aspect is probably based on the

fact that there is a strong trend in electrification in the passenger car sector and that

the need for reform is considered to be most significant in the freight sector. However,

the road map does not specify that ERS should be for heavy traffic only. The choice to

completely target ERS towards heavy traffic and not passenger cars can be practically

implemented by choosing a ERS technology that excludes usage of passenger cars. During

the development, Trafikverket has realized that ERS can have the potential for electri-

fication of the passenger car sector. Trafikverket has therefore taken a position (despite

the Government’s directive on the focus on the freight sector) that the road map for ERS

should be open to several types of vehicles. This is clearly illustrated in the planning of

the new demonstration projects where Trafikverket advocates the testing of several ve-

hicle types in comparison with previous projects (eRoadArlanda and eHighwayE16) that

solely focused on heavy traffic.

“What has become clearer in recent years is mainly that several ERS technolo-

gies have emerged. There are several types that can support several types of

vehicles. We also see that the more vehicles that can operate on ERS, the better

basis we can get for a potential business model. The more time goes by, the

broader the target group becomes regarding the road map. .. Now we open up

for several different types of vehicles in the demonstration projects in compari-

son with the previous ones.”

Actor, Trafikverket
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“There has always been a focus on heavy traffic; but it does not mean that we

do not see the possibilities that ERS can have for passenger cars. ”

Actor, Trafikverket

In order to build a greater knowledge bank around this issue several ERS technologies

will be tested and evaluated in demonstration projects. These demonstration projects will

probably have the same agenda and structure as the two previous ones: eRoadArlanda

and eHighwayE16, which means pre-commercial procurement and co-financing between

private and public actors. There are currently several candidate projects where each

project is represented by a private actor or group that represents a particular specific

ERS technology (Trafikverket, 2017).

The road map can be divided into four parts, the first part being market and financ-

ing. Its purpose is to promote and create the conditions for a broadened market by

examining how ERS conceptually as a system can be owned, financed, and operated.

These aspects are examined by modeling a network of potential actors and interfaces

and examining how the network can be built up and which roles different actors have

to each other. In this way, it is possible to explain a potential model of the system and

answer questions how the system can be run in the form of public and private actors,

business model (responsibilities and roles) and how it can potentially be financed. This

will provide a starting point for potential and thresholds that can be the focus of future

development projects.

The second part is about supporting the development of ERS technologies in the ERS

system and thus strengthening the market through more technologies and thus higher

competition. It is currently considered too early to recommend or establish a standard

around technology at the moment because the pace of development is high. There is also

an extra complexity because the most mature transmission technology, overhead, excludes

the use of passenger cars in comparison with other technologies suitable for both heavy

traffic and passenger cars.

“If we had to choose a technology today; then we would probably have had to

revise that decision after 1-2 years since it happens so incredibly much around

ERS right now. ”

Actor, Trafikverket

The third step is to plan and implement a pilot to test a commercial implementation

of a complete ERS system. The focus is therefore not only to test and verify ERS

technology but to demonstrate the entire system with external services, payment, and

access systems and more. The distance should be at least 20-30 km long and heavily

trafficked (Trafikverket, 2017). The Government has issued a directive that the pilot

must be co-financed with an equal share of public and private funds, where the public

part may amount to a maximum of SEK 300 million (Regeringen, 2018). To illustrate

the proportion of funding, it can be stated that the total budget for the demonstration

projects eRoadArlanda and eHighwayE16 was SEK 75 million and SEK 125 million,

43



respectively (Berlin and Engwall, 2018). Trafikverket emphasizes that the political force

for establishing ERS can be too fast and sizeable private co-financing within the pilot can

be challenging to obtain.

“It’s a difficult situation with the pilot. We have been commissioned by the

government that we should have a pilot plant of 20-30 km in operation until

2021. And then we shall through our road map give suggestions on how ERS

can be expanded in the next infrastructure plan which is 2022. From an infras-

tructure perspective, this is an incredibly fast pace. But 2030 is close after all.

”

Actor, Trafikverket

“We cannot do anything about the Government’s decision on the pilot. It is

stated in the plan regarding transport infrastructure that has been made by the

Swedish Parliamentary. It is a parliamentary mission; To investigate whether

an ERS pilot can be co-financed. The pilot is a very difficult task and it is

challenging to get the 50% financing from the private party that is required.

If it is absolutely impossible to do so, we must state it towards our decision-

makers, but we must initially follow decisions. ”

Actor, Trafikverket

Also, the planning of the pilot has received criticism from the Swedish Energy Agency,

which believes that the pilot comes in a too early stage. The same applies to the general

development of ERS which is driven by political forces, where the representative from the

Energy Agency describes himself from first being a driving force to now advocating to

slow down.

“From the past, the driving force was something that came from within the

regime; thus cooperation between different actors. In recent years, it has been

taken over by politics. They want this solution now, preferably yesterday; They

do not understand that we must be thoughtful with both testing and research. I

have changed my role from being the driving force to being person who tries to

slow everything down. ”

Swedish Energy Agency

“There is a risk of a backlash regarding the development of ERS. For example,

Trafikverket has been given a directive to carry out a pilot of a few miles instead

of a few kilometers. .. It must be implemented before we gathered information

regarding other ERS technologies. It is very quickly progressed and on the verge

that it can’t even be carried out.”

Swedish Energy Agency

The fourth and final step in the road map is that if Trafikverket sees potential in ERS

present a long-term plan for construction and expansion. After the implementation of

the previous three steps, Trafikverket should have enough knowledge to present a plan

on how ERS can be built up in Sweden. There should then be knowledgeable about the
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types of actors that can operate the system, how it should be run and how the system

can be owned and financed. There will hopefully be several established ERS technologies

ready for commercial launch represented by different private parties. Also, the entire

system should have been tested in the pilot, which together means that there must be

sufficient knowledge of the phenomenon of ERS to propose potential commercialization

in the form of expansion and planning (Trafikverket, 2017).
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5 Findings: eRoadArlanda ERS Case

This chapter aims to introduce the case study and present the findings of the study. It

starts with a background description of eRoadArlanda’s origin and purpose. Subsequently,

the findings of the study are presented, which are derived from the empirical material

from the interview study conducted with eRoadArlanda actors. The findings of the study

constitute the answer to the study’s first research question.

5.1 Background

eRoadArlanda is a demonstration project issued by Trafikverket with the purpose of

testing and verifying an ERS technology. The project was issued as a pre-commercial

procurement, which has been developed by the European Commission and is intended

to procure research or development services (eRoadArlanda, 2019; Upphandlingsmyn-

digheten, 2019). The budget for the project is 75 MSEK and is divided between two

parties: the Trafikverket, Vinnova and the Swedish Energy Agency (Energimyndigheten)

46 MSEK and the participating consortium 29 MSEK. The pre-commercial procurement

was started in 2013 and, the candidating consortium Rosersbergs Utvecklings AB (RUAB)

was formed. RUAB currently consists of 22 different organizations, but ownership for the

project is divided as follows: NCC 30%, Elways 30%, ABT Bolagen 30% and Kilenkryssen

10% seen in Table: 6 (Berlin and Engwall, 2018).

RUAB Owner Structure

Organization Ownership(%)

NCC (CEO) 30

Elways 30

ABT Bolagen 30

Kilenkryssen 10

Table 6: Owner structure of Rosersberg Utvecklings AB (Berlin and Engwall, 2018).

The implementation of the project started in June 2015 and was officially inaugurated

on April 11, 2018, and is planned to continue until June 2019. The evaluated transmis-

sion technology is designed by Elways together with NCC and consist of two subsystems.

First is the infrastructure that transmits electricity, which is a rail that is mounted in

the ground in the existing road. Secondly is the equipment on the vehicle which is an

arm that is attached under the vehicle and connects to the rail while driving. The vehicle

can thus be dynamically charged during the driving time and can be used both for pas-

senger cars and trucks (Berlin and Engwall, 2018). The vehicle being tested is an 18-ton

truck that has been rebuilt to run on electricity. Location of the demonstration run is

a public road 893 north of Stockholm, which is located between Arlanda Airport and

Rosersberg. The route is 10 km long between Arlanda Cargo Terminal and Rosersberg

logistics area, of which 2 km is the electrified road (eRoadArlanda, 2019). The truck is

operated by ABT Bolagen and PostNord and has the purpose of transporting PostNord’s

parcel (Berlin and Engwall, 2018). Some of the involved actors are shown in appendix: A.
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The idea of the project was born with the creation of Elways 2009 which had the agenda

to build technology that can be used to electrify the transport sector. The driving forces

behind creating Elways were the general fossil dependency in society but above all in the

transport sector and carbon dioxide emissions resulting from the combustion of fossil fuels

(ElwaysB, 2019). In 2011, a strategic partnership was initiated between Elways and NCC,

which could create conditions for future research projects with other actors. At the end of

2011, a research project financed by the Swedish Energy Agency by was launched to test

Elway’s technology. This resulted in a 200-meter long test track in a fenced area outside

Arlanda Stockholm. Between 2012 and 2014, the technology was further developed and

tested, while the partnership NCC and Elways was expanded with two organizations,

which resulted in the creation of Rosersberg Development AB (RUAB) (eRoadArlanda,

2019). In 2013, the electric road procedure started; a 5-year project in collaboration be-

tween the Trafikverket, the Swedish Energy Agency, Vinnova, and the Swedish industry.

The purpose was, among others, to find out how the transmission techniques work in real

traffic. RUAB with Elway’s in-ground technology applied and was accepted as one of two

demonstration projects at the end of 2015. The project eRoadArlanda with RUAB as

management team had started (Berlin and Engwall, 2018).

The agenda was to evaluate the ERS technology in a social context by testing on a

public road and at the same involve actors who may have a significant role in a future

transformation in the transport sector. Participants within eRoadArlanda’s consortium

were therefore expanded to 22 actors with different backgrounds. The chosen truck to

be tested was an 18-ton truck delivered by DAF. The outlining was to buy a standard

truck and then convert it to a fully electric vehicle. Those responsible for the conversion

were ABT Companies with the help of e-Traction (with expertise in electric motors) and

Bilprovningen to ensure vehicle safety. The electric truck was ready for testing in the

Spring of 2017 and the electric road was installed in Dec 2017 which led to the final

inauguration April 11, 2018 (Berlin and Engwall, 2018). Berlin and Engwall (2018) has

conducted a stakeholder analysis of eRoadArlanda in a previous study. Their represen-

tation of participants and their contributions within their area of responsibility is shown

in appendix: B.

5.2 Findings: Three Critical Factors

This section presents the empirical findings of the study, which constitute the answer to

the study’s first research question. The first research question is: From the theoretical

perspective of transition management; which critical factors are emphasized to promote

a potential transition towards ERS from the perspective of eRoadArlanda? To answer

this question, three critical factors have been derived from the empirical material from

the interview study conducted with eRoadArlanda actors. These are meant to represent

what eRoadArlanda actors consider essential to promote a transition towards ERS. The

three critical factors concern the following subject areas: 1) In which pace ERS should be
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developed; 2) If ERS are to enable the use of passenger cars or not; 3) If the planned ERS

pilot is the right choice in the form of a short-term project.

5.2.1 Critical Factor 1: How Fast Should ERS Be Developed and Commer-

cialized?

The first critical factor concerns the area of in which pace ERS should be developed.

According to actors from eRoadArlanda, decision makers want ERS to be expanded as

soon as possible based on stringent political targets regarding carbon dioxide emissions

and fossil dependence in the transport sector. eRoadArlanda’s actors, on the other hand,

describe that those who work with ERS (including themselves) in Sweden, on the contrary,

are cautious and careful in their decisions and value long-term thinking.

”The people who you come across in the network of ERS in Sweden are usually

no activists, but work thoughtfully and strategically”.

This is considered an effect of that the emergence of ERS originated from the regime

through the collaboration of companies and authorities. It was something that allowed

involved actors to consider the implementation of a radical solution and form an approach

with shared private and public risk. This type of collaboration is globally considered

unique but is something that often happens in Sweden.

”When I meet foreign actors at ERS fairs, they are amazed when they hear

about our private and publicly funded projects. It is considered unique.”

”If it had been top-down, it would not have been as radical in the approach.

Then we probably had continued in regular technical trajectory. Instead, it was

bottom up, with people coming together, collaborating and wanted to drive ERS

forward.”

“Sweden has an advantage, that we have good and close cooperation between

business and government.

“I think it is because we are a small country who are good at collaborating. ...

We are good at being open, working together and finding solutions. It is like a

little cultural factor. It’s very cool.

This disagreement regarding how urgent the problem is can also be strengthened by

that eRoadArlanda actors perceive decision makers’ climate goals as guidelines instead of

explicit requirements. It is perceived as something political and not completely accurate.

“A political decision was made that stated that the transport sector in 2030

should be fossil-independent. Then politicians realized that 2030 coming closer.

Such decisions are pretty nice in the beginning, but then you realize that it is

getting closer and then it becomes more difficult. ”

”The goals set in the government are not followed by the percentage, they are

more seen as guidelines.”
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There exists skepticism about whether the goals can be achieved, but eRoadArlanda actors

also emphasizes that the goals serve as consolidation guidelines. These guidelines can help

the current regime think more abstractly instead of trying to improve incrementally.

”The goals are more like guidelines, which is really very good. It helps us to

think in a new direction instead of trying to improve incrementally.”

The concern of the actors within eRoadArlanda is that decision makers in line with

climate goals will drive the development of ERS too quickly. They emphasize that it is

essential to continue driving the development but that it should strive to be balanced. It

is considered essential to work carefully and allow ERS technologies to mature in order

to make thoughtful long-term decisions.

”Infrastructure decisions are extremely long-term. Should you make a short-

term decision and take the technology that works and expand the entire infras-

tructure, or should you let technologies mature first?”

”I think it is important that you do not hurry too fast. You should let ERS

technologies mature. It is probably reasonable to continue to test technologies a

bit longer. Very much is happening regarding ERS globally. However, Sweden

should not lose a leading position; it is foolish to lose it and let other actors

take control.”

Something that is emphasized by eRoadArlanda actors is that the actual selection (not

nature) of problems that ERS intends to solve is deeply rooted in the current regime.

The problems are GHG emissions and fossil independence in the transport sector and is

something that every interviewed actor has worked with during a long time.

”Within Vaterfall, the problem GHG emissions is very deeply rooted and con-

stitutes our entire core business.”

”Everything I actually worked with for 10 years has been about reducing GHG

emissions.”

”One of my life projects has been to solve the problem of carbon dioxide from

electricity production. It’s been a big part of my career. ”

The problem of carbon emissions is no longer considered something that is affected top-

down but is embedded in the regime. It is a strong driving force that empowers actors

within the current regime to find new ways to become more sustainable.

”I do not think that the problem of GHG emissions is controlled top-down any-

more...There exist a seriousness within the regime. Actors within the transport

sector feel pressure to lower carbon dioxide emissions and thus seek to Vattenfall

to find solutions to these problems.”

”Based on the theme of environment-related problems, there are several angles

for involvement. For example, for vehicle manufacturers, they must become
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more environmentally friendly, otherwise, they will be replaced by, for example,

Tesla. The companies that capture this wave will succeed in and replace the old

companies.”

Also, regarding the future battery development and and large-scale commercializing

around batteries, actors from eRoadArlanda emphasize several problems. These prob-

lems are, for example, that finite resources produce them, that they are expensive, that

they are heavy, that they require an extensive (and currently lacking) recycling system,

and that development will probably not be as comprehensive in the nearby future as the

general opinion thinks.

”The recycling of batteries today is minimal: you recycle some of it, but then

the majority is left in a pile. ”

”Batteries are not as effective as people think. Although batteries are expensive,

complicated, and difficult to recycle, people think we will come up with batteries

that are super small and efficient. How likely is that? How long will it take? ”

”If you look empirically on batteries, the development has gone very slowly

over the past 20-30 years and, given this aspect, you should not really expect it

to be so much better in the nearby future. ”

eRoadArlanda actors perceive the general public and decision makers are optimistic about

future battery development and that they believe in a successful electrification in the

passenger car sector. eRoadArlanda actors do not believe decision makers are aware of

the many shortcomings that exist with batteries.

”My feeling when talking to people is that 9/10 is hugely optimistic about bat-

teries. It is not a question of whether it happens but when it happens. Many

see companies like Tesla and believe that the electrification for passenger cars

will be unproblematic.”

”I think that many within ERS Sweden see the problem with future commer-

cialization on large batteries, but I do not think decision makers understand

it.”

Given these conditions with batteries, eRoadArlanda emphasizes that ERS should also

be investigated and targeted at passenger cars. It would allow the electrification not to

rely too much on batteries compared to the current approach of electrifying the passenger

car sector.

It is essential to point out that actors within eRoadArlanda argue that batteries and

ERS are not a contradiction to each other. In the future, it is emphasized that both

segments need development. The disagreement is based on is how fast the development

of batteries will take place and whether it will be enough for the current approach to

electrifying the passenger car sector.
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In summary, given that ERS requires massive investment in infrastructure and that the

value depends on the size of the network, actors from eRoadArlanda consider that de-

cision makers in the future will choose a standard for ERS technology. Regarding ERS

technology, there is only one mature ERS technology (overhead) ready to be tested in a

commercial pilot and several other technologies that are under a development phase. The

ERS technology overhead excludes the use of passenger cars, which can reduce the overall

potential of ERS. eRoadArlanda actors argue that the decision makers do not evaluate

ERS for passenger cars because there is a public perception of successful electrification of

the passenger car sector. At the same time, eRoadArlanda actors emphasizes the many

problems with batteries. Given that ERS can be used to increase the impact of electri-

fication in the passenger car sector, eRoadArlanda actors deems it would be a mistake

to choose conductive overhead lines as the standard technology simply to attain speedy

results.

5.2.2 Critical Factor 2: Should ERS Exclude Usage from Passenger Cars?

The second critical factor regards the uncertainty whether ERS in the long-term should

only be for heavy traffic or also enable the use of passenger cars. After ERS initially

originated through a private and public collaboration between authorities, research, and

companies, a vision was established about what ERS could accomplish and how it would

be implemented. When ERS started to be discussed, many stakeholders, according to

eRoadArlanda actors, were skeptical about whether it was a reasonable solution.

”When I introduced ERS to people, they thought it was the stupidest thing they

ever had heard. However, after understanding the potential, they did not think

it was so stupid.”

After investigations, several guidelines were established and heavy traffic was considered

the most significant problem to be addressed. Several theoretical simulations of imple-

mentations of ERS in heavy traffic had shown great potential to reduce operational costs.

This aspect has according to eRoadArlanda actors, in recent years, grown stronger within

involved actors and is something that is considered to be established.

“Our strategy department has looked at the various options that have existed

for heavy traffic: hydrogen, biomass, diesel and found that ERS would be the

best option for heavy traffic.”

“There is a strong utopian picture of what ERS can achieve, especially when

it comes to heavy traffic.”

“In terms of cost, there is a large utopia in terms of ERS; if it is studied from

a life cycle perspective.”

The vision that actors from eRoadArlanda advocate is that ERS should be able to be

used by both heavy traffic and passenger cars. In practical terms, this means a criterion
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that future standard ERS technology should not exclude passenger cars. This position is

based on several factors. Actors within eRoadArlanda see limitations with batteries and

believe that ERS can increase the impact of electrification for the entire transport sector.

Such an impact is also considered to be able to reduce GHG emissions from passenger

cars significantly.

”If passenger electric cars are going to have large expensive batteries, then

electrification will not reach great impact. But if you build ERS that everyone

can drive on which you can use with cars with smaller batteries. Then you get

cheaper cars than regular electric cars and cheaper fuel (electricity). What is

the problem?”

”Two-thirds of the emissions come from passenger cars; one third from trucks.

Not including passenger cars in ERS short-sighted. You don’t solve the whole

problem. ”

”I experience that the cost of investing in ERS infrastructure requires invest-

ment from the passenger car sector as well.”

eRoadArlanda actors’ emphasize that it is reasonable to first focus on ERS against heavy

traffic since the need for change in that sector is considered to be the greatest. However,

it should be done with an ERS technology that enables the use of passenger cars. By

demonstrating that ERS works for heavy traffic, eRoadArlanda actors believe that they

easily can prove that it works for passenger cars.

”The heavy traffic is most difficult to solve, it is reasonable to build ERS for

them first. As long as it is done with a technology that several vehicle types can

use.”

”Trucks can use ERS, it’s not a technical challenge, but passenger cars—that is

what we are doing. We have to show that it works for trucks first and passenger

cars after that. But if you get it to work technically for trucks, then it will be

easy to make it work for passenger cars.”

Also, there are opinions about cost, functionality, and aesthetics regarding choosing over-

head ERS technology as standard whose infrastructure is based on poles beside the road

and overhead lines.

“It is more expensive, less useful and less physically attractive. For me, it feels

quite strange if you make such a choice.”

“All development in infrastructure goes towards digging things down. Imagine

that you have poles, then you need railings, if you have railings; you get problems

with maintenance and access routes. If you are going to build infrastructure with

poles this causes extra thresholds to handle.”

”I find that overhead technology will cause too many cables in the air and

destroy the image of the landscape.”
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ERS, as a phenomenon, has grown strongly in recent years with several development

projects such as demonstration projects. According to eRoadArlanda actors, there is

now a consensus between the actors involved that ERS will be implemented in the future.

”Now it has been seen that the technology works in certain conditions, which

creates confidence. Now I think most of ERS Sweden believes this will take off.”

”No one is questioning ERS. It is because electricity is cheap and there are

perceived advantages such as energy efficiency and domestic energy source.”

Now, the development of ERS has come to a crossroads where there exist a disagreement

over how ERS will look the future. It is primarily about ERS targeting and enabling the

use of passenger cars. According to actors from eRoadArlanda, this stems from a lack

of consensus on the problem that ERS intends to solve (which was described in the first

critical factor), which creates uncertainty and reduced incentives for involved actors and

their solutions. The prerequisites are that control and responsibility for the transition lie

with public and private actors at different levels, which, in turn, requires incentives at

multi-levels. Operators from eRoadArlanda emphasize that establishing a long-term plan

for ERS is essential for creating incentives for private operators.

”Given that Trafikverket has not yet presented a long-term plan for the long-

term development of ERS, it is impossible for the private sector to act. ”

A central part of the development, which mainly depends on the type of vehicle that will

utilize ERS, is the research on ERS technology. This development is mainly driven by

private companies and their technology, making their involvement crucial for the future

development of ERS technology. The majority of the current ERS technologies are in-

road. If the choice of standardized ERS technology would exclude the use of passenger

cars, there is a risk of inhibiting development from the actors that represent in-road ERS

technologies.

”You have one technology that is for heavy vehicles, and the rest are for multi.

So if Trafikverket would choose a technology that only focuses on heavy vehicles,

it would be foolish as it would extinguish the development regarding the rest of

the technologies. ”

In summary, it can be stated that there exist a uncertainty of whether ERS, in the

long-term, should only be for heavy traffic or also enable the use of passenger cars. In

practice, this means the choice of ERS transmission technology, as certain technologies

exclude passenger vehicles. This aspect can be conceptualized as different visions. A

vision should represent the main characteristics of the desired future sustainable system

in comparison to the existing non-sustainable system. Originating from critical factor one,

actors from eRoadArlanda perceive a concern that decision-makers will choose overhead

as standardized ERS transmission technology. The uncertainty within the vision—if ERS

should involve passenger cars or not—can lead to stagnation in development in the form

of lost interest and involvement from ERS technology actors.

53



”If ERS was just for trucks, then I would have stopped long ago. Why should I

keep going then? It’s only the passenger car aspect that only makes me continue

at all.”

5.2.3 Critical Factor 3: Is the ERS Pilot the Right Choice?

The third critical factor is about the uncertainty to determine the next short-term de-

velopment project to drive the development of ERS forward. The transport sector is a

complex and mature socio-technical paradigm that has developed incrementally over a

long period of time. It can be illustrated with opinions from actors from eRoadArlanda

regarding the distinctive features of operators in the freight sector.

”Haulers operate in a mature market. There are generally minimal improve-

ments and tight margins - very seldom significant technological changes. Re-

garding transport, there exists high demand from contracting companies. They

want cheap transport but also that everything should be on time. It is really

important.”

It has created a technological trajectory, resistant to radical changes, which means that

actors within the regime mainly incentivize incremental improvements.

”Vehicle manufacturers only compete with each other; they try to offer some-

thing a little better than the competitor as expensive as possible. They have no

incentive to develop entirely new technology that is much more environmentally

friendly. They are mainly waiting for the EU directive on emissions that they

then adapt to, which makes them a reactive industry.”

A radical transformation in the system is considered, among other things (apart from ma-

ture technology) to require clear, long-term, and reliable guidelines from decision makers

and responsible authorities to which the socio-technical regime can relate. It creates se-

curity that actors within the regime can relate to, which provides incentives for future

involvement. Without this security, it is difficult to demand participation in the form of

financing and development.

In recent years, various development projects co-financed by private and public actors

have been carried out to evaluate a potential transition to ERS. The two largest projects

that are mainly emphasized by eRoadArlanda actors are the two demonstration projects,

eRoadArlanda, and eHighwayE16. There is a great consensus between eRoadArlanda ac-

tors that the demonstration projects have been successful. They highlight the authorities’

vital role in using pre-commercial procurement, thus enabling shared private and public

finance and thus risk around the radical approach of testing ERS as a potential solution.

”It was excellent that authorities procured technology. They have taken the

issue quite early and took hold of the development, which was great.”

”I think the innovation procurement was excellent. It was relatively open, but

there existed requirements that there should be vehicle manufacturers, project
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managers, ERS technology manufacturers and so on. It was the largest pro-

curement of its type in this segment.”

eRoadArlanda actors emphazise that demonstration projects have been a significant part

of the development of ERS. This is mainly since demonstration projects have been in a

social environment, which has created media attention and increased social maturity.

”When people see that there are ERS that work in practice, the maturity in-

creases. Given that ERS is also tested abroad and receives more and more media

attention, the maturity of the whole phenomenon increases.”

”The demonstrations have been very important. I am absolutely certain that it

has increased awareness that it works for actors. It is one thing to see something

working in reality. Reading and watching a movie about it is not the same.”

When the development of ERS approaches to be tested commercially, there exists un-

certainty regarding the choice of the next short-term development project. This stems

on that there exists political pressure for establishing ERS at a rapid pace despite chal-

lenging conditions of the transport sector (which is considered a mature socio-technical

system) in contrast with thoughtful actors within the actual ERS industry who value

long-term thinking. Premiering short-term development projects is a general pitfall in

socio-technical transitions which aims to introduce radical innovation into a mature sys-

tem (Kemp et al., 2007). This aspect is portrayed by Trafikverket’s current planning

of an ERS pilot, to test the functionality of a fully implemented commercial ERS sys-

tem. Actors from eRoadArlanda are skeptical of the conditions regarding the pilot and

that it is generally too early in the development to center a system around an immature

technological trajectory such as ERS.

”Trafikverket wants 300 million from private actors without having a long-term

plan of what will apply in the future. If you, as a private actor, do not know

how ERS will look in the future, why should you invest?”

”I would suggest testing other things in the pilot. No long-term plan for ERS

has been presented so it is impossible for the private sector to engage if they do

not know what will happen in the future.”

”Trafikverket has received a directive on a pilot stretch that will use a maximum

of 300 million SEK from the private sector. I think it will be challenging to get

that financing.”

If the development of ERS technologies in the future is successful with several technologies

sufficiently mature for commercial launch, the next challenge can be to realize ERS in

commercial operation in the form of infrastructure building. In order for there to be

incentives for building infrastructure, potential users are a prerequisite. The problem is

usually described as the chicken and the egg problem where infrastructure is dependent

on users and vice-versa. Given the previous reasoning about a mature and sophisticated

freight sector, actors from eRoadArlanda argue that the infrastructure must come first.
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”When you start building ERS infrastructure, you cannot get stuck in the

chicken or egg dilemma. I am absolutely convinced that if this is to take off, the

infrastructure must come first.”

”Infrastructure must come first. The market will not buy an electric truck;

it is self-explanatory, if you build a railroad between cities, you are of course

building the railway first.”

Some actors in eRoadArlanda argue that the complexity surrounding the realization of

ERS lies in a system complexity rather than technological complexity, which ultimately

means that it is a mindset. This means that it is considered essential to maintain and

develop a steady positive perception in the current regime regarding the ERS phenomena.

This can result in actors within the regime becoming skeptical about ERS, and create a

mental barrier that prevents involvement in the future.

”The technology is not revolutionary. The important thing is rather that it is

safe and sustainable. That it works in the system.”

In summary, it can be stated that eRoadArlanda actors emphasize the importance of the

demonstration projects but that the development process has reached a crossroads where

it is difficult to determine the next short-term development project. Without the consen-

sus and engagement of involved actors regarding the next short-term development step for

ERS, there is a risk that the phenomenon will lose confidence, which can hamper future

development. This aspect is evident in eRoadArlanda actors’ distrust of the Trafikverket’s

planned pilot. eRoadArlanda actors are skeptical of the conditions regarding the pilot and

that it is generally too early in the development process. There is concern among actors

from eRoadArlanda that the pilot has a counterproductive effect on the social maturity

of ERS and that it can deter future involvement of actors from the current regime.

”We see a risk that the pilot will fail and thus slow down the development for

ERS. It is the pilot itself that is poor. We believe in ERS, but these types of

complicated projects can hamper development.”
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6 Analysis: Identifying Barriers and Opportunities

This chapter applies the theoretical framework to the empirical findings of the study. It

is implemented through an in-depth analysis of each critical factor in relation to the the-

oretical framework, as well as examine which symmetries and asymmetries exist between

them. Asymmetries can be described as barriers; symmetries can be described as oppor-

tunities. First, a brief recap is presented regarding the theoretical framework and how the

analysis will be carried out. The analysis is then presented in three parts, where each part

analyzes each critical factor according to the theoretical framework.

6.1 Preparation Step: Applying the Theoretical Framework

To create clear circumstances for how the analysis will be carried out, a brief review of

the theoretical framework is presented, followed by a description of how the analysis will

be carried out. A summary of the theoretical framework is given in the Table: 7.

Critical Area Possible Implications Desired State Key Aspects of Facilitation

Creating a

joint perception

of the problem

• Lost sense of shared

urgency

• Inadequate

understanding of the

problem and actors’

different perspectives

• Accompanying lack

of participation

commitment

• Shared sense of

urgency

• Shared mental

map of the system

• Common

understanding

of the problem

• Compose the transition arena (TA)

with innovative

actors with a broad network

• Actors within TA should represent

several perspectives of the current socio-

technical system

• Emphasis on activities related to

problem structuring—a search and

learning process

Creating

multi-level

engagement

• Lack of participation

and commitment

• Failed internalization

of transition

• Shared direction

and ambition

• Shared development

criteria

• Developed networks

within the regime

• Initiate from a mutual problem

definition

• Shared vision illustrating key

characteristics of the desired

socio-technical system

• Formulate vision with the

underlying purpose of enabling

multiple solutions (sub-visions).

Penetrating

current

socio-technical

system

• Failed induction

of radical innovation

• Making the vision

more concrete

• Involving actors

and consumers at

the concrete level

• Testing assumptions

and options

• Implement transition experiments

(TE) in social context

• Use a wide portfolio of different TE

• Design TE so they can be measured

and combined with other TE

• Reduce risk in TE - Use

prevailing infrastructure.

Public and Private co-finance

Table 7: Summary of the Theoretical Framework.
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Based on the empirical findings, the analysis will discuss the critical factors in accordance

with the critical areas in the theoretical framework. The symmetries of this discussion can

be conceptualized as opportunities—in contrast, the asymmetries can be conceptualized

as barriers. Opportunities should correspond to the aspects of findings that are in line with

the theoretical framework and can form the basis for a continued successful transition.

Barriers should correspond to those aspects that may constitute obstacles in the transition

and may need counteracting measures. The critical factors from the empirical findings

are structured to suit the various critical areas that are formulated in the theoretical

framework. To clarify this relationship and the association with chapter; it is illustrated

in the Table: 8.

Theoretical Framework

Critical Area

Empirical Findings

Critical Factor
Chapter

Creating a Joint Perception

of the Problem

How Fast Should ERS

Be Developed and

Commercialized?

Agreement on Problems

but Dissent regarding

Interpretation

Creating Multi-Level

Engagement

Should ERS Exclude

Usage

from Passenger Cars?

Successful Initial

Participation and Vision

but what Is Next?

Penetrating Current

Socio-Technical System

Is the ERS Pilot the

Right Choice?

Strong Initiation of

Experiments

but Dissent regarding

Selection of Next

Table 8: Relationship of critical area, critical factor and chapter.

First, an introduction will be given, presenting what the theoretical framework emphasizes

in the specific subject area. Subsequently, symmetries between the empirical material and

the theoretical framework—opportunities, will be presented, followed by a presentation

of asymmetries—barriers. Also, an analysis is given of what the theoretical framework

proposes as measures to counteract barriers. Finally, a brief summary will be given to

summarize barriers and opportunities. Quotes from findings will be used to substantiate

the arguments in the analysis.

6.2 Agreement on Problems but Dissent regarding the Interpre-

tation

The first part of the analysis aims to investigate, based on the critical factor number one,

how it can be interpreted through the theoretical framework. Following the theoretical

framework: In order to initiate the socio-technical transition and use transition manage-

ment, Loorbach (2007) argues that a public actor should gather 10-15 actors from (both

niche and regime) the government, the knowledge institute, NGO’s, and private compa-

nies to be responsible and drive the transformation. The group is called the transition

arena and will represent the old and the sought-after sustainable regime. The problem

formulation phase is the first primary step and is described as an applicant and learning
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process where disagreements between actors are negotiated to find a common starting

point. The outcome should be a shared sense of urgency, the development of a com-

mon language, a shared mental image of the system, and a shared understanding of the

problem.

6.2.1 Opportunities

A critical factor that has driven the development of ERS in Sweden and which has been

emphasized by several actors from eRoadArlanda is the unique cooperation between in-

dustry, research, and authorities. This can be compared to a type of transition arena, that

is, a mix of actors on the initiative of public actors who cooperate, negotiate, and jointly

invest in bringing the development forward (Loorbach, 2007). Based on the analysis of em-

pirical findings it can be stated that there exists an overall and anchored consensus among

involved actors around the problem that ERS intends to solve. These aspects highlights

the awareness and bottom-up pressure that exists within the current regime regarding the

problems that ERS aims to solve. Thus, following Loorbach’s (2007) framework, there

exists a certain shared sense of urgency and a common understanding of the problem

within those who work within ERS and in the regime. While ERS as a phenomenon

matures and is realized, more significant thresholds arise that must be addressed. It thus

requires a more significant commitment and cooperation to address these issues. This is

facilitated through activities to discuss the different actors’ perspectives to anchor and

facilitate the transition (Loorbach, 2007), which is the primary topic of the next section,

barriers.

6.2.2 Barriers

The barriers is regarding creating a common understanding between actors from eRoad-

Arlanda and decision makers over the nature of problems and thus prevent rash devel-

opment of ERS, which from the perspective of actors from eRoadarlanda, can hamper

the potential transition towards ERS. Based on the empirical material, it can be stated

that there exist symmetries and asymmetries between actors from eRoadArlanda and

decision-makers regarding the nature of the problem that ERS aims to solve. The con-

sensus regards the actual problems that ERS aims to solve—GHG emissions and fossil

dependence—which are considered deeply rooted within the socio-technical regime. The

disagreement is about how time pressing the problem is and the diversified view of future

development of batteries. According to Loorbach (2007), the lack of consensus regard-

ing the nature of the problem between involved actors can hamper the potential of a

transition. This aspect is in line with the perspective of actors in eRoadArlanda, who

emphasizes that ERS is in an early development phase and a choice of overhead technol-

ogy as standardized technology, given the disagreement of the nature of the problem, can

hamper the rest of the development around ERS.

Given the two disagreements in the problem formulation—if battery development will

be sufficient and how urgent the problem is—Loorbach (2007) emphasizes problem-

59



structuring activities with involved actors to discuss and negotiate. The involved actors

should represent the old and sought-after regime, be innovative towards the transforma-

tion, and possess a broad network. Within the potential transition towards ERS, this

can be, for example, different niche/regime actors from the current transport sector, au-

thorities, research institutes, ERS technology companies, experts in electrification and

batteries, and so on. Regarding the battery aspect, this can create a broader under-

standing about the current situation and how the development can look in the future by

highlighting different actors perspectives. It can create a basis for the topic, which can

facilitate discussion and negotiation and thus find a common understanding and joint

direction. Actors from eRoadArlanda perceive that this type of discussion can increase

the awareness of decision makers about the shortcomings regarding large-scale commer-

cialization of batteries and the potential that ERS can have on increasing the impact of

electrification in the passenger car sector.

Regarding the specific disagreement over how time critical the problem is, which de-

termines how the development work of ERS should be prioritized, it is difficult to know

how effective the proposed actions from the theory will be. One challenging aspect of the

problem is that the pace of development of ERS is pressured by political forces, which are

considered difficult to correct. Right now, a strong trend is emerging regarding climate

change that calls for radical change in society regarding GHG emissions. Strict global and

domestic goals stage this problem. Given the empirical findings, actors from eRoadAr-

landa perceive these goals as unrealistic and, instead, perceive them as guidelines. From

their perspective, those who work within ERS are mindful and strive for a long-term per-

spective. Given this aspect combined with the perception that ERS originated from the

current regime, it can be argued that the driving force for establishing ERS has shifted

from being bottom-up from regime/niche to top-down from decision makers. Therefore,

it can be difficult to resolve disagreements through problem-structuring activities because

the driving force (climate-change) originates at a global level.

6.2.3 Summary

In summary, following Loorbach’s (2007) initiation of a transition, it can be stated that

there exist consensus and disagreements about a shared sense of urgency and common

understanding of the problem. It has also been shown to exist public-private cooperation

in the same concurrent form as Loorbach’s (2007) conceptual approach of transition arena.

According to actors within eRoadArlanda there is consensus regarding the problem that

ERS is intended to solve that are well rooted in the regime. The disparity is about how

fast ERS should be developed and how well batteries will perform in the near future. It,

therefore, requires more work to anchor a common problem definition and thus mobilize

involved actors in a joint direction.
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6.3 Successful Initial Participation and Vision but what Is Next?

The second part of analysis is about the practical concept of creating multi-level in-

volvement. Following the theoretical framework: with the prerequisites that a transition

requires multi-level initiatives from different actors, Loorbach (2007) proposes that it is

beneficial to establish a shared vision of how the system will look in the future. The start-

ing point of creating a joint vision should be a mutual problem definition formulated by

the transition arena. A vision should represent the main features of the desired sustain-

able system in comparison with the unsustainable system. The purpose of formulating

a vision is creating direction, ambition, and development criterion that can gather and

mobilize actors within the transition towards a general direction. Based on the shared

vision, actors within the transition will develop and anchor the long-term vision within

their network in the regime by developing sub-visions and more short-term plans in the

form of agendas, goals and experiments.

6.3.1 Opportunities

In the recent and ongoing development of ERS, many aspects have been formed which

can be characterized as a potential vision. ERS has been seen as a potential solution

to replace the conventional combustion engine within heavy traffic, as it was considered

to have low operational cost at large-scale implementation, to have low GHG emissions

and to utilize a renewable source (Sundelin et al., 2017). Together, these aspects can be

conceptualized as a vision, i.e., that the solution must be socio-economically efficient and

the energy source must be renewable. A part of the vision—that ERS is considered to

have low operational costs (socio-economically efficient) in the case of large-scale expan-

sion has, according to actors from eRoadArlanda, grown strong within those who work

within ERS. A theoretical implementation of ERS within heavy traffic generally shows

excellent potential for reduced operational costs. It is something that is well established

within the current actors in the network of ERS Sweden. Following Loorbach’s (2007)

emphasis on establishing a shared direction, ambition, and development criteria, there is

great consensus and anchoring about these aspects within ERS. They are mainly based

on the fact that there is a clear, uniform direction over what ERS should do—first and

foremost to target heavy traffic—and firm anchoring regarding the potential of ERS—low

operational costs in large-scale expansion.

Within the development of ERS technologies, several different solutions have been de-

veloped where a private party represents each solution. Although most current ERS

technologies within ERS are in-ground, they vary between inductive and conductive, in-

road solutions with different private operators representing each ERS technology which

generally creates competition (Gustavsson et al., 2019). Thereby, several solutions (sub-

visions) exist to achieve the overall solution (vision). This corresponds to Loorbach’s

(2007) perspective, which emphasized that the tactical transition at the regime/niche

level should have divergent sub-visions driven by different actors staged by niche-level

experiments. This aspect is consistent with the current status of Trafikverket’s demon-
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stration projects within ERS where different consortia have been formed that advocate

a specific ERS technology and have their own agenda on how this technology should be

developed in the form of collaborations and experiments. Loorbach (2007) argues that

this approach is critical as, it in the context of ERS, can result in, internalization of the

transition on the regime and niche level. This aspect can develop the maturity of the

phenomenon of ERS and make the overall vision more concrete and tangible.

6.3.2 Barriers

Derived from the empirical findings, it can be stated that there exists a divergence in

the current vision of ERS—if there should be a criterion that ERS must enable usage

from passenger cars. Actors from eRoadArlanda perceive that decision makers do not

considering evaluating ERS for passenger cars and that this aspect, combined with strict

political climate goals, can favor the choice of overhead ERS technology as standard-

ized ERS technology. Though, it is worth noting that most eRoadArlanda actors have

a uniform view that ERS should first and foremost target heavy traffic—as long as it is

implemented with a technology that enables the use of passenger cars.

The divergence within the vision—to determine a criterion that ERS should be able

to be used by passenger cars—is a critical factor that requires more activities to raise

the actors’ different perspectives, discussing and negotiating forward a common posi-

tion. Given a shared problem formulation, various themes can be developed to solve the

problem and represented in a long-term vision for ERS. If this discussion results in a

shared understanding—that ERS can have great potential for electrification of passenger

cars—it may entail a shared vision to include a requirement that ERS should enable usage

by passenger cars. The majority of the ERS technologies currently under development

are in-ground (including the one used in eRoadArlandas) and enable the use of passenger

cars (Gustavsson et al., 2019). A shared vision that does not exclude passenger cars can

thus create stronger incentives for private actors representing in-ground ERS technologies,

which is the majority of actors within that subject area. In context of eRoadArlanda,

this can establish a uniform guideline and create greater commitment.

6.3.3 Summary

In summary, it can be stated that ongoing work towards a potential transition to ERS

from the perspective of actors from eRoadArlanda has shown similarities and disparities

concerning the conceptual work on vision emphasized by Loorbach (2007). The similarity

is that ERS should primarily target heavy traffic and that ERS has a robust utopian

potential of low operational costs in large-scale implementation. This aspect corresponds

to Loorbach’s (2007) concept of shared direction, ambition, and development criterion.

Also, the current vision of ERS has been formulated in a way that enables several solu-

tions. This is clearly shown in the current ongoing work with Trafikverket’s demonstration

project where various private and public actors have formed sub-systems to promote a

specific ERS technology. This corresponds to Loorbach’s (2007) concept of formulating a
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vision the with underlying purpose of enabling multiple solutions (sub-visions) and thus

promoting internalization of sub-systems to reach each sub-vision. The disagreement is

about whether the vision should include a criterion that ERS should enable the use of

passenger cars. Based on the fact that the majority of ERS technologies that are repre-

sented by private parties employ the use of several types of vehicles, this adjustment of

vision can potentially increase incentives for participation from these actors.

6.4 Strong Initiation of Experiments but Dissent Regarding the

Selection of the Next

The third part of the analysis regards the challenge of choosing the next short-term

development project. Following the theoretical framework; after the transition arena

has established problem formulation and vision, which is then been anchored in different

networks at the regime/niche level in the form of sub-visions, Loorbach (2007) argues

that the next step for realizing the transition is through transition experiments. These

are derived from the sub-vision and thus have a connection to the overall vision. Transition

experiments are characterized by high risk, should be carried out in a social environment,

and should be measurable. The primary purpose of the experiment is to evaluate whether

an innovation can form part of a more extensive and sought-after sustainable system.

It will act as a knowledge base and normalize the integration towards a sought-after

sustainable system.

6.4.1 Opportunities

Regarding the development and implementation of Trafikverket’s demonstration projects

eRoadArlanda and eHighwayE16, much is in line with the theoretical proposals for tran-

sition experiments presented by Loorbach (2007). The two demonstration projects can

be conceptualized as Loorbach’s (2007) transition experiment. Both projects were ex-

plorative in nature, as the primary purpose was to explore and create a knowledge base

regarding ERS technologies. Also, this technology demonstration was conducted on a

public road, which is considered a social context. As such, it is not only the technical ma-

turity that was the focus, but it was considered essential to illustrate that the technology

works in the public environment. This aspect is particularly apparent in eRoadArlanda,

where the purpose was to rebuild a conventional truck into an electric truck and thus

highlight feasibility of converting a vehicle to electric. Furthermore, the financial risk for

private actors was reduced as the projects were co-financed with public and private capital

and implemented in existing infrastructure. It engaged private actors from the current

regime to invest their own capital and participation. Given the aspect of measurability,

Trafikverket uses the scale Technology Readiness Levels, which is to illustrate how mature

a technology is. It enables the evaluation and comparison of experiments with each other.

eRoadArlanda actors are pleased with the planning and implementation of the demon-

strations and that it has played a significant role in the social maturity of ERS. Above

all, they are satisfied with the authorities’ actions to use pre-commercial procurements
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to procure new technology. It is considered to be a thoughtful step, which involves and

reduces the risk for private actors in the regime. The demonstration projects are con-

sidered to have been a critical role in creating awareness and social maturity for ERS in

Sweden. It is considered primarily because of the physical demonstration that realizes

the phenomenon to the public.

According to Trafikverket’s road map for the period 2018-2022, several types of activities

are planned to create the conditions and increase the maturity of ERS. Several projects

are being carried out to explore and determine how the system should look and how it

should be conducted and financed. This includes studies to explore the overall system,

what types of actors and what role they can have in the system, how the infrastructure

should be financed and which underlying business model that can prevail. These activities

correspond with Loorbach’s (2007) transition experiments designed to carry out exper-

iments in several knowledge areas (not only verify technology) with the overall purpose

that different experiments should strengthen each other. Also, three new ERS technology

demonstration projects are planned with the same agenda as the previous ones, but with

new actors, which will grow the industrial ERS network in Sweden. The purpose is to

create the conditions for a broader market and increase competition between the ERS

technologies by financing more technologies (Trafikverket, 2017). This is consistent with

the previous key aspect where Loorbach (2007) emphasized that it was essential to incite

the development of sub-visions and thus create natural incentives for involved actors and

stimulate multi-level activity.

6.4.2 Barriers

The barriers are mainly about the difficulty of choosing the next cross-project and are il-

lustrated with eRoadArlanda’s actors’ mistrust of Trafikverket’s planned ERS pilot. This

means testing a commercial launch (pilot) that will evaluate the entire ERS system with

users where the project budget requires a significant private financial investment. They

emphazise that a failure within the pilot can damage the general perception of ERS and

stagnate the development.

Kemp et al. (2007) argues that in transitions, in general, it can be challenging to de-

termine how strategic development will take place through short-term projects, which

makes the choice of short-term projects extremely difficult. This is a complex decision-

making process, which should probably be handled with the cooperation of actors from

the current regime and actors involved in ERS Sweden. An essential factor that Loorbach

(2007) emphasizes when up scaling an experiment is time. If an experiment has been suc-

cessful and should be scaled up, it is considered vital that it is carried out carefully and

thoughtfully with an approximate time perspective of 5-10 years. Given the mistrust of

Trafikverket’s pilot from actors in eRoadArlanda, it is important to have activities with

involved actors to discuss and analyze the feasibility and potential time horizon. If the

pilot is considered a bad idea, a stance could be made by Trafikverket in cooperation with
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the actors involved towards decision-makers in order to shift the general development pace

of ERS.

6.4.3 Summary

In summary, it can be stated that it is generally challenging to determine short-term

development projects, but also that much of the activity carried out by Trafikverket to

stimulate the development of ERS has been in line with many aspects of Loorbach’s (2007)

conceptual transition experiments. The division regarding the choice of next short-term

development project is illustrated by the mistrust that exists in actors in eRoadArlanda

regarding Trafikverket planned pilot. It is likely to occur prematurely in the development

of ERS, driven by political forces, which may inhibit perception and future involvement.

However, there exists a correspondence between Loorbach’s (2007) conceptual approach

to drive and penetrate the old socio-technical system in comparison with Trafikverket’s

planned and ongoing projects to test and evaluate ERS, which is because many of the

various development projects by Trafikverket correspond to different criteria of Loorbach’s

(2007) transition experiments.
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7 Discussion

This chapter discusses many of the findings that have been captured by the study. The

purpose is to highlight important aspects that affect the study’s findings and answer the

two final research questions. First, the limitations of the study are described, followed by

an analysis of how the study’s specific perspective has affected the findings, and then an

evaluation of the theoretical framework. This is followed by a presentation of how barriers

within critical factors can be counteracted according to transition management. Finally,

opportunities within critical factors are described; thus capturing the similarity between

the transition towards ERS and transition management

7.1 Limitations

Given that this study uses an exploratory case study to create a deep insight into a com-

prehensive sustainable socio-technical transition towards ERS, findings of this study have

notable limitations. The study captures an extensive area but only approached one of

several important perspectives. Therefore, there exist a need to carry out similar studies

with the perspective of, for example, Trafikverket or the second demonstration project

eHighwayE16. Although findings from this study may be applied in similar case studies,

it is unclear whether it can be generalized to encompass other perspectives.

This study has addressed the perspective of one group of actors, eRoadArlanda, within

an early phase of transition towards ERS, before the phenomenon has reached a com-

mercial level. Findings from this study can, therefore, create a deep insight into the

reasoning of similar actors like eRoadArlanda that represent a specific ERS technology.

At the same time, the potential of ERS is not fully established, which makes it difficult

to know whether the phenomenon will reach full commercialization or not. Thus, the

findings of the study cannot be generalized and used as success factors for implementing

socio-technical transitions.

If, however, the findings are considered valid and justified, this study can provide a

deep insight into how sustainable socio-technical transitions can use problem structuring

and vision creation to facilitate the transition in the form of multi-level participation and

knowledge development. The next part is intended to describe how the specific perspec-

tive of eRoadArlanda can influence the findings of the study.

7.2 Evaluating the Perspective of the Study

Since the study is investigating one actor’s perspective within an extensive empirical

context, it is relevant to evaluate how the specific perspective of the study affects the

findings. The scope of this study has primarily concerned the choice of standardized ERS

technology. This is because ERS is at an early stage and has mainly been staged with

two demonstration projects: eRoadArlanda, which represents Elway’s in-road technology,

and eHighwayE16, representing Siemens overhead technology. Given that this study has
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used the perspective of eRoadArlanda, it is natural that the study’s findings will, to some

extent, be angled for promoting eRoadArlanda’s ERS technology.

One aspect that is worth discussing is examining the differences between perspectives of

eRoadArlanda and eHighwayE16. One perspective is that there existed an initial prob-

lem—fossil dependence in the transport sector and GHG emissions—which was addressed

by starting a transformation towards ERS and organically and developing long-term so-

lutions (ERS transmission technologies). This perspective is the perspective of the study

and is shared by actors from eRoadArlanda. Another perspective could be from Siemens

and eHighwayE16. Siemens is considered an important player to have in the develop-

ment towards ERS because they are considered a financially stable and reliable player

with global networks. The empirical findings of a study conducted from that perspec-

tive would probably outline an optimistic view of battery development that facilitates

electrification of the passenger car sector, thus making ERS irrelevant for passenger cars.

Instead, the focus would be following ambitious climate targets and develop ERS quickly

for heavy traffic. In that case, organic development and evaluation of other ERS technolo-

gies had not been as relevant, as the perspective and focus would have been a solution

that found a problem. This illustration captures two completely different perspectives

with different premises given two different case studies and demonstrates the difficulty

of capturing a holistic view in this type of context. These aspects about the perspective

from eHighwayE16 are confirmed by a study conducted by the Trafikverket (2018), which

examines what actors from eHighwayE16 consider regarding future choices of standard

technology.

Another aspect is how the actual eHighwayE16 presence influences eRoadArlanda’s per-

spective. eRoadArlanda and Elways can be seen as underdogs compared to eHighwayE16

and Siemens. This is illustrated in the Figure: 12. It is, therefore, highly likely that

the perspective from eRoadArlanda is influenced by eHighwayE16’s presence. This can

be illustrated by considering a situation where the eHighwayE16 did not exist. If eHigh-

wayE16 didn’t exist, the main competitor for ERS technology would have disappeared.

It had made eRoadArlanda and Elway’s ERS technology the most mature in the market.

Given that decision makers had wanted to commercialize ERS within the next few years,

there would have been a high chance that they had chosen Elway’s technology as stan-

dardized ERS technology. eRoadArlanda actors had probably not had anything against

it—even though the development took place prematurely with several other ERS tech-

nologies that were during a development phase. In that scenario, organic development

and thoughtfulness had probably not been relevant. Given this context, it is, therefore,

essential to illustrate that both eHighwayE16 and eRoadArlanda are consortia driven by

financial interests—and that this affects the discussion and conclusions of the study.
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Figure 12: Presence of eHighwayE16 affecting eRoadArlanda’s perspective.

In summary, it can be stated that the development of a potential transition to ERS can be

studied from different perspectives, depending on which actors are involved and how the

design of the problem is implemented. From the perspective of actors from eRoadArlanda,

they see the development towards ERS as organic, which must be developed thoughtfully

and in the long term. Given the aspect that ERS can instead play a vital role in the

short-term acute fight against climate change, organic development is not as relevant.

The difference between these perspectives is time—how quickly ERS is to be developed

and commercialized—which is a theme that will permeate the study’s discussion and

conclusion.

7.3 Evaluating the Theoretical Framework

This chapter aims to evaluate the theoretical framework and the central theory of transi-

tion management, by emphasizing advantages and disadvantages. During the beginning

of the research process, transition management was specifically chosen because it was

considered suitable for the empirical phenomenon of ERS. The theory would help the re-

searcher to understand and rationalize the patterns of behavior that were visible from an

outside perspective and thus understand the underlying driving forces of different actors.

Transition management has two overall themes that characterize the entire framework,

perfect information structure, and rationality. With these two themes, combined with

multi-level actors representing the old and the sought-after socio-technical system, the

framework aims to establish a common problem formulation and vision and pragmati-

cally implement the transition. This perspective can be seen as an over-rationalized way

of understanding how socio-technical changes are made, which is both the most significant

advantage and disadvantage of the framework. The two upcoming sections explain the

advantages and disadvantages more closely.

The apparent advantage of using the concept of problems and vision is to create an

abstract view on the positioning of different actors in a simple way. By categorizing
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perspectives into problems and vision, it is possible to use the result as a tool to explain

the various actors’ driving forces and agenda. This approach has been used in this study

to describe a broad empirical context in a resource-efficient and straightforward way. It

can be seen as an approximation, which is an inaccurate representation of something, but

still close enough that it is useful to use. It can be a starting point and open up for more

specific analyzes in different subject areas.

The disadvantage of the framework is that an empirical context can be over-rationalized

and thus neglect important dynamic characteristics. During this study, two empirical

areas of this context have been discovered. These are summarized in Figure: 9.

Empirical Area
Focus from the Perspective

of Transition Management

Aspects that Can be

Neglected with the Focus

How to describe

disagreement between

actors.

Rationalize it through

describing disagreement

regarding the nature of the

problem.

Prioritization of which

solutions are to be

implemented given resources.

How political goals

are perceived.

Rationalize disagreement of

the problem by homogenizing

symbolic political goals as

common explicit goals.

Political goals can create

change through broad

symbolic devotion.

Table 9: Description of empirical areas that may have been over-rationalized in the study.

The first area is about devotion to decision makers’ ambitious climate goals. From the

perspective of the framework, the divergent dedication of the climate goals depends on

two different perspectives on how urgent the problem is considered. This can be consid-

ered as an obvious simplification. In this context, it can be challenging to describe this

process as linear by pragmatically starting from a problem. A different and probably more

legitimate perspective is viewing it as a prioritizing of solutions instead. In the context

of this study, there is probably a consensus as to which problem ERS intends to solve,

but disagreement as to which is the correct solution. This, therefore, implies an apparent

dilemma about prioritization from the perspective of eRoadArlanda between long-term

approach (establishing ERS for passenger cars) and short-term (overhead lines to actively

reduce emissions). As this study uses the view of transition management, a simplification

is made, which instead rationally focus explicitly on problem definition between different

actors. This means that the aspect of prioritizing over what is the right solution is partly

neglected.

The second area is about the dynamics of symbolic political goals. By using the frame-

work, a rational perspective is used that homogenizes political goals with commonly

explicit goals. In the empirical context of the study from the perspective of the frame-

work, it is a problem that eRoadArlanda actors perceive the climate goals as guidelines.

It creates a disagreement over how quickly ERS should be established. However, there is
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a significant difference between political objectives and common explicit goals. Political

goals can have a broader symbolic benefit and concentrate actors in a common guideline.

This is evident in the study’s empirical material where eRoadArlanda actors emphasize

that the climate goals create a general direction for involved actors. By unifying these

two different types of goals, that is, to consider them homogeneous, the role of symbolic

political goals is neglected. Thus, symbolic political goals can have a more comprehensive

benefit, which the perspective of this study fails to address.

In summary, it can be stated that there are both advantages and disadvantages to the

theoretical framework. The framework aims to rationally break down various actors’ posi-

tioning and positions to problems and vision. The advantages are to explain disagreements

between different actors in a resource-efficient and straightforward way. The disadvan-

tages are that the approach can over-rationalize aspects and thereby neglect dynamic

underlying processes. This conclusion shows an evident weakness with the theoretical

framework and transition management - that some dynamic aspects between problems

and vision can be over-rationalized and fail to be addressed. The result of the study can

thus be seen as an abstract representation of the empirical context, which opens up for

more specific analyzes in different subject areas.

7.4 Counteracting Barriers in the Transition

This section aims to answer the study’s second research question: How can aspects per-

ceived as barriers within critical factors be counteracted in the transition? From an in-

terview study with eRoadArlanda actors, three critical factors were derived which were

considered essential to promote. These critical factors were analyzed through a theoret-

ical framework in which barriers were identified. This chapter is intended to describe

how the barriers within each critical factor can be counteracted by presenting key as-

pects—derived from the theoretical framework with the aim to counteract the barriers

within each critical factor.

All three key aspects are chronologically coherent where each key aspect is intended

to neutralize the following. This can be clarified by studying the relationship between

barriers of each critical factor and ending with how this relationship can be counteracted

through the three key aspects. Each key aspects will now be described in detail in cor-

relation to critical aspect. The full relationship between critical factors and key aspects

are illustrated in Figure: 13.
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Figure 13: The relationship between critical factors and key aspects.

Key aspect one: Resolving disagreement the in nature of the problem. A fundamental

starting point for a successful transition emphasized by Loorbach (2007) is that actors dis-

cuss each other’s perspective and agree on a common problem formulation. It is considered

a complex task that is characterized by a searching and learning process. Constructing

a shared problem definition is considered essential as sustainable socio-technical transi-

tions generally are characterized having as non-static problem definitions in the form of

uncertainty regarding natural resources and environmental problems (Kemp et al., 2007;

Voß and Bornemann, 2011). Within a potential transition to ERS, this is an area of

uncertainty as there, according to eRoadArlanda actors, exists a disagreement about how

urgent the problem is and a disparity regarding the potential that ERS has for the elec-

trification of the passenger car sector. This can be described as an area of uncertainty

that may need to be counteracted for a successful transition towards ERS. Given that this

key aspect is handled, it can create conditions for the following key aspects to be negated.

Key aspect two: Create common vision to broaden commitment, requires that there exists

a consensus within involved actors regarding the nature of the problem that ERS intends
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to solve. If there is a common starting point, Loorbach (2007) argues that this creates

conditions for working more prominently with vision development and thus mobilizing

actors and creating multi-level participation. From eRoadArlanda actors’ perspective of

uncertainty, this can indicate a shared vision in the form of a criterion that ERS should

enable the use of passenger cars. This aspect can facilitate a more clear incentive structure

for actors representing in-ground ERS technologies which can produce stronger participa-

tion and thus promote more competition and facilitate future technological development.

The aspect that ERS should primarily be built towards heavy traffic is, according to ac-

tors in eRoadArlanda, deeply rooted—as long as it is built with an ERS technology that

enables the use of both heavy traffic and passenger vehicles.

Key aspect three: Let the initiative of experiments be controlled by involved actors.

This key aspect deals with the difficulty of choosing short-term projects and is illustrated

by eRoadArlanda’s actors’ mistrust of the planned pilot. According to Loorbach (2007),

this is a generally problematic challenge because it is difficult to know in advance how ex-

periments create long-term maturity. However, one self-evident aspect is that transition

experiments are to be derived from sub-visions driven by involved actors. Thus, intentions

for experiments should not be driven primarily by actors who are disconnected from the

transition. Instead, the initiatives should be made by the actors who are driven by their

own incentives, where experiments are development projects to realize their sub-vision.

In the context of ERS, intentions for socio-technical experiments should, therefore, take

place in negotiation between Trafikverket and the actors involved.

A conclusion derived from the key aspects is a dilemma that penetrates the entire find-

ings of the study, namely—how should the climate goals be interpreted following the

development pace of ERS? From eRoadArlanda’s actors’ perspective, the driving force

for establishing ERS has shifted from descending from within the regime to descending

from decision-makers driven by climate goals. It can, therefore, be considered natural

that there exists a disagreement about the nature of the problem. Regarding the trans-

port sector and electrification, it is difficult to predict the extent to which technological

development will take place, especially concerning the significant technological develop-

ments that have taken place over the past decade. Also, there is a difficulty in embedding

urgent action to battle the threat of climate change. Within ERS, for example, other

countries in Asia also strive for ERS but with the original problem of air pollution and

smog. This problem has a more significant practical implication and can, from a practical

perspective, be even more critical to address than climate change.

”Some countries have stronger driving forces to establish ERS. For example,

densely populated countries that cannot build the infrastructure with charging

posts and have significant problems with air pollution. People must wear masks

when they are in the cities. You cannot go out, children cannot go to school,

and people die because of air pollution.”

Actor, eRoadArlanda

72



These factors create an understanding of how difficult it is to create and anchor a shared

problem formulation among involved actors during a transition. This aspect is because

of a difficult-to-interpret problem with uncertain future external factors where you must

balance organic development with time-pressured targets from decision makers.

7.5 Describing Opportunities following Transition Management

This section aims to answer the study’s third and final research question: How can as-

pects perceived as opportunities within critical factors be described? In contrast to barriers,

opportunities within ERS can be described as the foundation or success factors that are

subtly behind all barriers. They constitute the actions in the potential transition towards

ERS that, according to transition management, have been taken in accordance with the

theory. This chapter intends to give an in-depth comparison between the theory of transi-

tion management and the transition to ERS in order to answer the last research question

of the study.

The structure of the comparison will be in accordance with Loorbach’s (2007) conceptual

levels of strategic, tactical and operational. The comparison is summarized in Figure: 14.

The comparison is based primarily on the derived critical factors but does also includes

aspects from the empirical setting. As the overall development work in ERS in Sweden

probably is extensive, there are obviously several activities that this study does not ad-

dress. Each area of, strategic, tactical, and operational levels will now be explained in

more detail.
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Figure 14: The transition towards ERS compared to transition management.

At the strategic level, Loorbach’s (2007) transition arena can be compared with the origin

of ERS, which, according eRoadArlanda actors, arose in a collaboration between authori-

ties and private actors. The background was rooted problems within the current regime of

GHG emissions and a fossil dependency in the transport sector. From this collaboration,

ERS emerged as a potential solution for reducing fossil dependence within heavy traffic,

which was considered to be the sector in the transport sector that was most difficult

to solve. Within this collaboration, general guidelines (vision) of the ERS system were

discussed, which enabled various solutions of ERS technology in the form of conductive

and inductive in-road and overhead technologies. From the perspective of transition man-

agement, many of these aspects are consistent with the initiation of a transition that is

conceptually implemented through the creation of the transition arena (Loorbach, 2007).

This is in line with the private and public cooperation at the origin of ERS, where a shared

understanding and a shared sense of urgency was formulated—regarding the problem that

ERS intended to solve—together with the development of an initial vision of ERS.
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At the tactical level, the ERS coalitions of private and public regime and niche actors,

triggered by Trafikverket’s demonstration project, can be compared to Loorbach’s (2007)

internalization of the transition. Trafikverket’s pre-commercial procurement that enabled

the procurement of technology has created opportunities for carrying out private and pub-

licly co-financed demonstration projects that intend to test and verify ERS technology.

These pre-commercial procurements have triggered coalitions between different private

and public regimes and niche actors that have been mobilized around a specific ERS

technology. For example, eRoadArlanda is a consortium that represents Elway’s in-road

technology and eHighwayE16 is a consortium representing Siemens’ overhead technology.

The driving force behind these consortium is to promote their ERS technology commer-

cially. In accordance with Loorbach’s (2007) internalization of transition, Trafikverket’s

ERS demonstration projetcs have thereby created sub-systems based on different sub-

visions where these units compete against each other’s solutions. According to Loorbach

(2007), this is a critical area because it facilitates the development of the new innovation

by competitiveness in the form of exploration and self-learning.

At the operational level, there are similarities between Trafikverket’s various develop-

ment projects in comparison with Loorbach (2007) transition experiments. Loorbach

(2007) emphasizes that the experiment should be carried out in the social environment

and that experiments are characterized by high risk and should, therefore, be co-financed

and carried out on existing infrastructure. This is in line with Trafikverket’s demon-

stration projects, which was carried out on public roads and was co-financed between

private and public actors. Loorbach (2007) also emphasizes that experiments must be

measured to be able to be clearly evaluated and combined with other projects. It is consis-

tent with Trafikverket’s TRL method (used to measure maturation of ERS technologies),

which is intended to create an indication and enable comparison of several demonstration

projects. Also, Trafikverket has issued a road map for ERS between 2018-2022, planning

more demonstration projects combined with several other types of development projects

to create an understanding of the ERS system, roles, and potential business models. From

Loorbach’s (2007) perspective, this can be compared to that Trafikverket plans a broad

portfolio of coherent experiments to combine these and thus create greater maturity for

the phenomenon of ERS.

As a conclusion, it can be stated that there is great coherence of a potential transi-

tion to ERS in comparison with the framework of transition management, which can be

interpreted as that the development work against ERS has been well founded. A vital

part derived from the empirical material is that ERS initially originated from public and

private collaboration, with high consensus on problems and ambitions, which has gener-

ated a potential transition towards ERS. Many of these aspects are coherent between what

transition management proposes and what has been implemented within the development

of ERS in Sweden. Thus, it is possible from the perspective of transition management

to confirm that the previous development work has been well-founded and can constitute

an essential foundation for future work.
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7.6 Practical Implications

From the findings of this study, several critical practical implications can be derived.

However, it is essential to emphasize that the study has only investigated the perspec-

tive of eRoadArlanda actors and that the aspects presented in this chapter in nature

are speculative. The practical implications will now be presented in two parts: strategic

implications and tactical implications.

Regarding strategic implications for the development of ERS, ambitious policy direc-

tives can reduce the potential of the technological trajectory. These aspects are relevant

to actors who establish and primarily operate policy directives such as decision makers

and authorities with primary responsibility. From the study’s perspective, the findings

show that ambitious policy directives can act as overall guideline but also can create

complications. The latter is mainly based on the driving forces behind ERS development

being more top-down oriented and neglecting bottom-up initiative or recommendations

from the technological regime. Given that ERS intends to penetrate a mature socio-

technical system while there exist external uncertainty factors (e.g., rapid technological

development), it is possible to doubt a strong top-down development strategy. Also, in a

situation where bottom-up initiatives are neglected, it risks hampering devotion and par-

ticipation by niche and regime actors. By neglecting the initiatives and recommendations

of the regime, this multi-level commitment risks being secreted and eventually disappear.

Thus, ambitious policy directives that are not regulated in cooperation with the regime

risk distancing political decisions from the regime, which can lead to less participation

and reduced development potential. It can drive to the development of ERS within an

incremental technological development track, reducing organic growth, and hindering the

exploration of the full potential of ERS.

From a tactical perspective, the above described complications can create difficulties

in coordinating multi-level engagement in the development of ERS. These aspects are

relevant for actors who drive technological development within the regime, such as a con-

sortium. Today’s actors in the ERS network (regime/niche level) in Sweden are involved

due to a strong rooted trend in sustainability that creates prerequisites for financial incen-

tives within sustainability measures. The technical development of ERS has so far been

based on a diversified group of private and public actors who run their own solutions and

compete with each other. Given that the future development towards ERS transitions

into a top-down controlled incremental development track that reduces the conditions

for bottom-up initiatives; this risks hampering multi-level involvement and participation

for those actors outside the incremental development track. This can lead to the loss of

intangible knowledge capital and that actors within the ERS network in Sweden instead

choose to direct their focus elsewhere.
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8 Conclusion

This chapter aims to present the study’s primary conclusions and the recommendations.

Two primary conclusions have been reached. The first conclusion is that the underlying

driving force for developing ERS has shifted from the regime to decision makers. The

second conclusion is that the potential transition towards of ERS in many aspects followed

measures presented by the theoretical framework’s central theory transition management.

Each conclusion will be presented, followed by the recommendations.

8.1 Shift towards Top-down Driving Force for ERS

The first conclusion is that the force for establishing ERS in recent years has become

more political. eRoadArlanda actors emphasize that ERS originally grew from the cur-

rent regime through a public and private cooperation and that technological development

driven by private actors together with the public authorities’ involvement, have created

a strong vision of the potential of ERS. According to eRoadArlanda actors: ”Those who

work within ERS are generally no activists.”, which implies that involved actors in ERS

emphasize thoughtfulness and organic development. In recent years, the force for estab-

lishing ERS has become more intensified by political forces which from the perspective

of eRoadArlanda have created conflicts. The latter is clearly illustrated by the dissat-

isfaction regarding decision makers directive of implementing a ERS pilot. This factor,

combined with that the regime perceive decision makers climate goals as guidelines rather

than specific goals, illustrates a cultural clash over how ERS should be established. It

can thus be stated that the driving force for developing ERS has shifted from descending

from the regime to originating from decision makers, which is a result that permeates the

findings of the study and forms the basis for almost all mentioned conflicts. From the

perspective of eRoadArlanda actors, an overly rapid top-down development of ERS can

risk placing the development in an incremental development path and reduce the overall

potential of the ERS concept.

There exist no specific recommendations regarding the first conclusion more than empha-

sizing conversation and confrontation regarding various actors’ perspectives. Mentioned

disparities between regime and decision makers are mainly regarding the nature of the

problem that ERS is intended to solve which is challenging to solve because the foundation

is determined on global external factors, such as climate change. The recommendation is

partly to focus on conversation and confrontation of the different actors’ perspectives, to

analyze different options from a rational perspective and agree on the best option rather

than resorting to symbolic arguments.

8.2 ERS: Textbook Case of Transition Management

The second conclusion is about the high consistency that exists between the potential

transition towards ERS and the central theory transition management of the theoretical

framework. The empirical findings of the study revealed that much of the work carried out
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by public and private organizations is in accordance with what the theory suggests. Ac-

cording to eRoadArlanda actors, ERS originated from the current regime where a shared

understanding of what ERS intends to solve (problems) was developed, and specific char-

acteristics were formed over how ERS should look in the future (vision). This approach

of shared risk in public and private cooperation has resulted in a radical technological

trajectory being successfully developed and staged. It can therefore be stated that the

previous ERS development work, in accordance to transition management, has been well-

founded and can constitute an essential foundation for a potential transition towards ERS.

The recommendations regarding the second conclusion is mainly derived from various

aspects of transition management. The study has not mapped whether or not the fol-

lowing activities are carried out. At a strategic level, it may be relevant to continue

raising the agenda of the transition through social media and media marketing. This is

because a large part of the transition depends on the mindset of the public. Loorbach

(2007) emphasizes using a transition agenda as a marketing mechanism. This should

constitute a well-formulated marketing object that includes: problems definition, overall

vision, different sub-visions (different ERS technologies), and what goals and activities

can to realize the sub-visions. It can also be essential to involve innovative and open-

minded people within authorities that can help to communicate between private and

public organizations. At the tactical level, it is recommended to try to create networks of

innovative actors who have an extensive network within the current regime. These actors

can have a significant role in normalizing the transition towards the sustainable system.

At the operational level, it is recommended to continue working diligently to reduce risk

and let the initiative of experiments come from involved actors of the transition. It is

considered essential to use the expertise and experience from previous experiments to

find new thresholds that require attention. The design of different experiments should

also be carried out to complement each other and strengthen co-evolutionary processes

between sub-systems of the desired sustainable system. All of the above factors aim to fa-

cilitate the transition by working with multi-level initiatives and enhancing participation

(Loorbach, 2007).

8.3 Future Research

As the research approach of the study exerted a broad and exploratory perspective to

highlight aspects of a specific actor within a broad empirical context, many subject ar-

eas have been discussed. Within a young empirical context such as ERS, it is natural

that there exist many subject areas that require more knowledge. During the interview

study with eRoadArlanda actors, many different aspects were discussed, which were too

broad for the scope of the study. Also, apparent disagreements were discovered between

actors from eRoadArlanda and previously interviewed actors. These combined aspects

have resulted in two areas that the researcher consider requires more knowledge. These

two areas will now be described more clearly.
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The first subject area concerns the uncertainty of which macro initiatives that will be

crucial for the future choice of ERS technology. During all interviews with eRoadArlanda

actors, it was discussed how the choice of standardized ERS technology in Sweden would

be affected by other countries’ decisions. What was emphasized was network effects; if

ERS is to have an impact, electric trucks need to be able to travel across several coun-

tries. If these trucks are only limited to the ERS technology in the domestic country, the

use and thus, the value of the truck will be limited. The discussions were mainly about

two global platforms: Europe and Asia. Some Asian countries were considered to be less

democratic and could thus be more active in large-scale infrastructural investments. If

these countries chose to carry out large-scale ERS commercialization of infrastructure and

vehicles focusing on a specific ERS technology, this could mean that Europe takes on and

establishes the same type of system and ERS technology. It also emerged that Elways,

which represents the ERS technology in eRoadArlanda, had been sold to a Chinese corpo-

ration, which created the underlying driving force for this discussion. As future studies,

it would be interesting to study which driving forces, at the macro-level are behind this

development and possibly compare them to the similar global expansion of infrastructure.

The other subject area is about the future development of batteries that had a cen-

tral role of the study. The researcher was astonished at the spectrum of opinions between

actors that existed within this area. In addition to eRoadArlanda actors’ who are pes-

simistic regarding the future development of batteries, there are other actors who, on the

contrary, see the development as very promising. The disagreement mainly concerns how

much electric batteries will be developed and whether it will be enough to electrify large

parts of the passenger car sector. Also, eRoadArlanda emphasizes that a future large

commercial launch that is centered on large batteries creates more uncertainties with

regard to raw material resources and recycling. If there were to be consensus on these

issues, according to eRoadArlanda actors, decision makers could also stronger evaluate

ERS for passenger cars. As for future studies, more research is proposed on the develop-

ment of batteries and life cycle analyses. It can hopefully create a better understanding

of these issues and thereby create the conditions for managing the development of ERS

in a common direction.
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Appendices

A eRoadArlanda: Description of Participants

Participant Description of Organisation

Elways

A start-up that was founded in 2009 by Gunnar Asplund in the

primary purpose of developing conductive in-ground ERS technol-

ogy that can be used for both trucks and passenger cars (ElwaysA,

2019).

ABT Bolagen

A medium-sized transport company that mainly focuses on the

construction and civil engineering industry. The business idea is

to assist its customers as a partner and be responsible for the

transportation of machines and supplies and also be responsible

for materials from a life-cycle perspective in the form of recycling.

Their headquarters are located close to eRoadArlanda, in Rosers-

berg (ABT Bolagen, 2019).

NCC

A large construction and property development company in Scan-

dinavia with approximately 16,500 employees. The company is

active throughout the value chain when it comes to construc-

tion of housing, offices, industrial premises, roads, facilities, and

other infrastructure(NCC, 2019). The division that participates in

eRoadAranda is NCC Infrastructure (Berlin and Engwall, 2018).

VTI

A Swedish public research within the transport sector. The insti-

tution is responsible for research, development, and investigation

of infrastructure, traffic and transport. The goal is to increase

knowledge in the transport sector and to contribute to achieving

Sweden’s transport policy goals (VTI, 2019).

DAF
A Dutch truck manufacturer with headquarters in Eindhoven

(DAF, 2019).

e-Traction

A Dutch company that builds electric and hybrid engines for dif-

ferent types of vehicles. The business concept is to build economic

and efficient electric motor-driven components that will be com-

petitive in future electrification of transport(e-Traction, 2019)

Vattenfall

A energy company that is owned by the Swedish state. The com-

pany has approximately 20,000 employees and is a producer of

electrical energy and electricity grid owners. The company is ac-

tive throughout Europe and engages in many different types of

energy assets(Vattenfall, 2019).

Kilenkryssen

A group with about 100 companies engaged in construction and

property management. They are active in several cities in Swe-

den and are headquartered in Strängnäs between Eskilstuna and

Södertälje(Kilenkryssen, 2019).
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Trafikverket

A Swedish state authority with approximately 6500 workers. The

Swedish Transport Administration is responsible for long-term

planning of the transport system for road traffic, rail traffic, ship-

ping and aviation. The Swedish Transport Administration is also

responsible for the construction and operation and maintenance

of state roads and railways(Trafikverket, 2019).

Postnord

A Swedish limited liability company that is a Nordic postal op-

erator. The Postnord group is owned 60 per cent by the Swedish

state and 40 per cent by the Danish state. They have letter ser-

vices and business services for both private individuals and com-

panies(PostNord, 2019).

Dulevo

A company that manufactures machines for sweeping. Provides

service towards roads but also machines towards the industry

(Dulevo, 2019).

Frost Production
A company from Mora that produces steel products for industry

(Berlin and Engwall, 2018).

Energimyndigheten

A Swedish state authority under the Ministry of the Environment

and the Ministry of Energy. Energimyndigheten conducts research

on the use and supply of energy (Energimyndigheten, 2019).

Vinnova

A Swedish state authority, which is under the Ministry of Enter-

prise. The responsibility is to promote sustainable growth through

funding of needs-driven research and the development of innova-

tion systems (Vinnova, 2019).

Sandströms Elfirma
A electrician company from Skoby near Rosersberg who currently

has 20 employees (Sandströms Elfirma, 2019).

Table 10: Some of eRoadArlanda participants (Berlin and Engwall, 2018)

B eRoadArlanda: Structure of Contribution of Par-

ticipants

Organization Contribution to the Project

Project Leadership

ABT Bolagen

Project management for the development of the ERV. Also re-

sponsible for the operation of the vehicle and visitor center of the

project. Has competence within transport.

Elways

Inventor of ERS technology and is responsible for developing the

collector for the ERV and the in-road infrastructure. Has high

competence within ERS technologies.
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NCC

The primary governing body of the project. Is responsible for

the road infrastructure installation, legal and financial activities

in RUAB and communication and marketing. Works as a secur-

ing guarantor for eRoadArlanda. Has competence within project

management, juridical issues and road infrastructure.

VTI

Allocation of a research director as project manager for eRoadAr-

landa. Has a broad network and competence within the transport

sector.

Electric Road Vehicle

Bilprovningen Consultant with competence in vehicle safety.

DAF Manufacturer of the standard truck. No further involvement.

e-Traction
Responsible for rebuilding the ICE-vehicle to the EV. Has com-

petence in electric vehicles.

Electric Road

Dulevo
Provides the particular cleaning machine used to clean the electric

road.

Frost production
Manufacturer of the rails that are used in the in-road conductive

ERS technology.

Sandströms Elfirma
Contributes to the installation of the in-road electrical infrastruc-

ture and has worked in earlier research projects with Elways.

Svevia
Operation and maintenance of the public road 893. (No direct

involvement in eRoadArlanda)

Vattenfall

Has financed and installed alterations to the local grid in order to

install the ERS infrastructure. Owner of the local electricity grid.

Has competence in electricity distribution.

Finance

Energimyndigheten
Has earlier financed research projects for the partnership NCC

and Elways. Is part-financier of eRoadArlanda.

Trafikverket

Is the major financier of the project and the primary client.

Trafikverket also owns the public road 893 in which the demon-

stration occurs.

Vinnova
Is the national innovation agency of Sweden and part financier of

eRoadArlanda.

Other

KTH
Third party verifications regarding the ERS technology. Has com-

petence in technical fields and scientific studies.

PostNord
Is the primary customer of the transport service provided by the

project.

Table 11: Actors contribution within their area of responsibility in eRoadArlanda (Berlin
and Engwall, 2018).
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