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Abstract 

The transformation of road transport towards sustainable vehicle powering technologies 

provided an opportunity for the development of several electromobility solutions among which 

are Electric Road Systems (ERS). However, a large-scale implementation of ERS involves a 

challenge for potential participants to develop business models for ERS. Thus, the purpose of the 

thesis was to explore an assessment process to be used by potential ERS participants to identify 

related business models. The purpose was operationalized by a research question seeking to 

identify how business models and subsequent interactions are to evolve for potential participants. 

The thesis was built upon a theoretical foundation of the intersection between technological 

innovation system (TIS) and business model (BM) theories. The methodology followed a three-

step research design that revolved around a selected case study – eRoadArlanda – and the 

gathering of empirical information from interviews and documents. The research design 

involved empirical and theoretical definition and breakdown of ERS, the development and 

application of a function-based assessment process for ERS and the evaluation of function-based 

and relational BMs. Consequently, the assessment process yielded a breakdown into five 

functions: ‘Energy’, ‘Road Operation’, ‘Power Transfer’, ‘Vehicle’, and ‘Road’. Followingly, 

the assessment process was applied for potential ERS participants where individual ERS-based 

BMs – defined by value proposition, value creation cost, and value capture revenue – for the 

functions was collected. The information was then aggregated to establish the function-based and 

relational BMs for ERS. 

Thus, the results yielded an overview of a systematic process for business modelling in the ERS 

context founded on TIS and business model theories. It provides practitioners with a systematic 

process that provides a dynamic view for business modelling. The results further enriched the 

academic literature within the ERS context while providing a basis for future research regarding 

policy-making and information sharing among others.  
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Sammanfattning 

Transformationen av vägtransport mot hållbar teknologi för framdrift av fordon har skapat en 

möjlighet för utveckling av flertalet lösningar för elektrisk mobilitet, däribland Electric Road 

Systems (ERS). En storskalig implementation av ERS skapar utmaningar för potentiella 

deltagare att utveckla affärsmodeller för ERS. Således är syftet med avhandlingen att utforska en 

bedömningsprocess för att användas av potentiella deltagare i ERS för att identifiera relaterade 

affärsmodeller. Syftet operationaliserades av en forskningsfråga vilken letade att identifiera 

affärsmodeller och efterföljande interaktioner för att utveckla för potentiella deltagare. 

Avhandlingen byggdes på en teoretisk grund av interagerandet mellan teori om teknologiska 

innovationssystem och affärsmodeller. Metoden följde en trestegad forskningsdesign som 

centrerades runt en utvald fallstudie – eRoadArlanda – och samlingen av empirisk information 

från intervjuer och dokument. Forskningsdesignen involverade empirisk and teoretisk definition 

och nedbrytning av ERS, utveckling och applicering av funktionsbaserad bedömningsprocess för 

ERS och funktionsbaserad relativ affärsmodells utvärdering. Utvärderingen gav följaktligen en 

nedbrytning i fem funktioner: ’Energi’, ’Vägdrift’, ’Kraftöverföring’, ’Fordon’, och ’Väg’. 

Utvärderingsprocessen var applicerad för potentiella ERS deltagare där individuella ERS-

baserade affärsmodeller – definierade av kundvärde, värdeskapandekostnad, omsättning för 

värdefångst – för funktionerna var insamlade. Informationen aggregerades för att fastställa 

funktionsbaserade och relativa affärsmodeller för ERS. 

Således gav resultaten en överblick av en systematisk process för affärsmodellering i ERS 

kontexten baserad på teknologiska innovationssystem och affärsmodellsteori. Det ger en 

systematisk process som ger en dynamisk vy för affärsmodellering. Resultaten berikar den 

akademiska litteraturen inom kontexten av ERS samtidigt som den ger en bas för framtida 

forskning gällande policy skapande och informationsdelnings bland andra. 
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Electric Road Systems, Function-Based Business Models, Relational Business Models 
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1. Introduction 

In this chapter, the premise of the thesis is outlined. The chapter provides a background to the 

thesis by introducing conventional road transport based on internal combustion engines (ICE), 

electric vehicles (EV), electric vehicle charging infrastructure, and electric road systems (ERS) 

involving the introduction of dynamic electric vehicle charging infrastructures. Followingly; the 

problematization, purpose, and research question of the thesis are outlined. Subsequently; the 

delimitations of this thesis are outlined, and the chapter concludes with the contributions and 

disposition of the thesis. 

1.1. Background 

The nature of mobility is undergoing a transformation given the emergence of new vehicles, 

services, and requirements affecting the automotive industry (Attias, 2016a). Vehicles powered by 

internal combustion engines (ICE) are associated with a multitude of problems: safety, noise, 

greenhouse gas emission and pollution, significant consumption of non-renewable fossil fuels, and 

comparatively low energy efficiency (Howey et al., 2011; Leurent & Windisch, 2011; Figenbaum 

et al., 2015). Road transport represents an important segment of the European Union’s (EU) 

economy with cars considered to be the main mode of transport with regards to distances on roads; 

however, it also contributes significantly to the emissions generated (European Commission, 

2018a; Leurent & Windisch, 2011). Moreover, the transport of heavy goods represents 30% of the 

total road transport emissions for the EU (European Commission, 2018b). Thus, the economic 

significance and environmental impact of road transport make it an appealing sector to address 

with regards to sustainable change. This fact was exemplified with Sweden’s commitment to 

having a fossil fuel-independent vehicle fleet by the year 2030 thus acknowledging road transport 

as a key area to address (United Nations, 2018).  

A potential way to reduce the effects particularly associated with ICE-powered vehicles is the 

adoption of fully or partially electrically-powered engines (Leurent & Windisch, 2011). The use 

of electric propulsion to power vehicles proves to be an effective measure to counteract the effects 

associated with ICE-powered vehicles through energy efficiency increase, noise reduction, and 

emission mitigation (Figenbaum et al., 2015; Knupfer et al., 2017). Consequently, road transport 

technologies relying on ICE are being challenged by novel forms of electromobility (Altenburg et 

al., 2016). As electric vehicles (EV) emerge and proliferate in the market, a need to examine the 

socio-technical system (STS) in which they will be deployed becomes apparent given their effect 

on the systems associated with mobility (Hannon et al., 2016). It is imperative to establish 

cooperation between the different actors involved in the STS such as EV and their producers, road 

users, and the infrastructure (Deflorio et al., 2016). Moreover, the shift towards a sustainable STS 

will involve a realignment of system components and a reconceptualization of value (Bolton & 

Hannon, 2016). In turn, different requirements for value chains and supporting process of EV 
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emerge (Accenture, 2014). The value chain may include private and public actors with different 

resources and goals that represent different segments of the value chain (Dijkema et al., 2013).  

Given the importance of a convenient EV charging infrastructure for the success of the EV market 

(Accenture, 2014), energy storage capacity of EV becomes a pivotal aspect to address (Chen et al., 

2015). This is particularly relevant given the limited range and high cost of electric batteries along 

with the importance of establishing a reliable energy supply towards securing a shift to EV 

adoption (Leurent & Windisch, 2011). There are different charging methods for EV among which 

are electric road systems (ERS). An ERS, also referred to as eRoads or road electrification, is 

considered to be a road transport infrastructure with which EV can be provided with power while 

being stationary or in motion (Chen et al., 2015). 

1.2. Problematization  

With different actors involved in the infrastructure of ERS, the interdependencies between the 

actors and the environment in which they operate such as the one between road infrastructure 

planning and economic development must be considered (Dijkema et al., 2013). The alignment 

between the charging infrastructure, vehicle-related technologies, and power generation is 

essential for the development of an ERS (Leurent & Windisch, 2011). Therefore, a multi-level 

examination involving the interdependencies and actors is needed to address the complexities 

involved with the system (Dijkema et al., 2013). 

In addition to the infrastructure, the ability of an ERS to generate and capitalize on new business 

opportunities is an important aspect to address (Carlsson & Stankiewicz, 1991). The complexity 

and expansiveness of the ERS and its potential stakeholders result in the emergence of business 

models for the particular context (Christensen et al., 2012). Moreover, the contribution of an ERS 

towards sustainable transport is not sufficient to guarantee its success on its own given the need 

for attaining economic sustainability as well. (Täuscher & Abdelkafi, 2018). Thus, the sustainable 

contribution towards road transport by ERS may require new business models in order for ERS to 

become commercially viable (Beaume & Midler, 2009). 

There is an opportunity to identify and establish sustainable business models that will take into 

account the varying supply and demand forces around an ERS charging infrastructure and the 

actors involved (IEA, 2013). However, the evolving STS presents a challenge that requires 

establishing an alignment of the structure, content, and governance of the business models (Bolton 

& Hannon, 2016). Business models have been identified as increasingly relevant with regards to 

technological innovations and consequent adoption and transition of the innovations in society 

(Sarasini & Linder, 2017; Bidmon & Knab, 2018). Moreover, the identification of business models 

within new technological contexts is considered to be essential to examine from the early stages 

for ensuring successful electrification of automobility (Christensen et al., 2012). Furthermore, 

business models have the capacity to have different roles relating to the different stages of 

transition and establishment of a technological innovation (Bidmon & Knab, 2018). Given that 

business models are dependent on the linking that occurs among different firms operating in an 
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electromobility network (Christensen et al., 2012), an opportunity emerges to evaluate business 

modelling and its associated challenges for ERS participants - e.g. infrastructure owner, 

technology provider, and operators. Given the presence of ERS projects in varying stages of 

development and implementation, the technological change associated with ERS is likely to make 

business models dynamic and responsive towards the changes (Christensen et al., 21012). The 

development of a business model within such a context that underpins the delivery of sustainable 

transport requires the effective design of a business model in order to ensure the successful 

contribution of a firm towards ERS implementation (Täuscher & Abdelkafi, 2018). Thus, the 

presence of ERS projects in advanced demonstration and early deployment stages further 

highlights a timely relevance to establish an assessment process to aid in the business model 

evaluation by potential system participants for cases of wide-scale deployment and implementation 

of ERS in the road transport system. 

1.3. Purpose 

The purpose of this thesis is to explore an assessment process to be used by potential ERS 

participants to identify related business models. Such an exploration was motivated by the 

particular novelty of ERS which presented the opportunity to study a potential inducer of change 

in the road transport system from a business model perspective. Moreover, the particular case 

studied, eRoadArlanda, represented an indicator of the ERS concept materializing and integrating 

into the road transport infrastructure. Such indication yielded increased relevancy of addressing 

the previously outlined challenges within the context of this thesis. 

1.4. Research Questions 

In order to operationalize the purpose of the thesis, the following research question is posed and 

answered. 

RQ1: How can business models and subsequent interactions evolve in ERS for potential 

participants? 

1.5. Delimitations 

The focus of the thesis was delimited to studying only ERS among the many electromobility 

solutions available. Furthermore, the thesis focused on one of several technologies for ERS 

involving the use of conductive in-road rail installations for dynamic charging of vehicles. In 

particular, the technology delimitation was to the technology deployed as part of the eRoadArlanda 

project that represented the empirical case study for this thesis. The vehicles in question were 

delimited to heavy-duty trucks utilized for the transport of goods given the use of one such truck 

that is classified as heavy-duty in the eRoadArlanda project (Transportstyrelsen, 2017; 

eRoadArlanda 2018a).  
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The focus of the thesis was geographically delimited to Sweden as an adopter and implementer of 

an ERS, and it concerned the use of such a system within a national context. Moreover, the thesis 

focused on participants who will operate the system and utilize it for commercial transport of goods 

and materials and did not focus on a mass consumer utilization of the system such as for public or 

private transit. 

1.6. Contribution 

The contributions of the thesis were twofold: academic and practical. The academic contribution 

aimed at expanding the understanding of system transitions from a business outlook by examining 

the intersection between technological innovation systems as an analytical tool and business model 

theories. The intersection was studied within the context of a transition towards an ERS. The 

practical contribution of this thesis was to provide a systematic procedure for an ERS participant 

to identify the business model to adopt based on the position and functions taken in the system. 

Moreover, the procedure aims at highlighting the interactive nature of the business models for an 

ERS to aid the participants to evaluate their individual business models with a holistic view. 

1.7. Disposition 

The subsequent content to the introduction of the thesis is structured according to the following 

disposition: 

• In the second chapter, the concepts with which the theoretical background and foundation 

of the thesis were established is provided. The chapter provides an overview of the two 

major theoretical areas considered for the thesis: Technical Systems and Business Models. 

• The third chapter outlines the methods utilized to gather the empirical material for the 

thesis along with a critical review of the aforementioned methods. 

• The fourth chapter provides the definition and breakdown of the overarching ERS 

phenomenon, presents the eRoadArlanda empirical case, and provides a theoretical 

perspective of the empirical case. 

• In the fifth chapter, the development and application results of the assessment process 

utilized for achieving the purpose of the thesis are outlined. The chapter focuses on the 

assessment process steps associated with the gathering and relaying of the empirical 

information. 

• In the sixth chapter, function-based and relational evaluations of the business model 

composition of ERS are presented. The chapter focuses on the parts of the assessment 

process associated with analyzing and discussing the empirical information gathered. 

• In the penultimate chapter, the attained results are discussed. The chapter further includes 

discussions on the wider applicability and adaptability of the assessment process and on 

sustainability considerations.  

• In the final chapter; the purpose fulfillment and research question answer are provided, the 

limitations are outlined, and the suggestions for future work are made.  
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2. Theory 

In this chapter, the theoretical background upon which the work of the thesis was built is provided. 

Section 2.1 provides the background for understanding large technical systems (LTS), 

technological innovation systems (TIS), and the dynamic transitions and interactions they 

undergo. These theories provided the grounding for understanding an electric road system, its 

components, and its functions. Section 2.2 provides theoretical grounding of business models that 

was used in the investigation and analysis conducted in this thesis. The theoretical grounding 

involved an overview of business model theories, sustainable business models, activity-based 

business modelling, and the Business Model Canvas (BMC). 

2.1. Technical Systems 

This section will provide an outlook of technical systems from two perspectives: large technical 

systems and technological innovation systems. Each of the perspectives addressed certain elements 

that contributed to the designation and analysis of the composition and dynamics of electric road 

systems. 

Large Technical Systems 

A large technical system (LTS) can be considered to be a paradigm formed of systems or networks 

that are of considerable size and complexity (Leon, 2011). The development of large technical 

systems results in the formation of linkages between the different entities involved such as firms 

and regulatory bodies among others (Geels, 2007). Such entities or actors in a LTS may be 

categorized according to their relative role in the system: actors that consume the system’s offered 

services, actors that provide the system, and actors that commission others to design and deploy 

the system (Leon, 2011). As technological artifacts emerge in societies, a consequent development 

of infrastructures and supply chains ensues (Hughes, 1994). Given the dependence of societies on 

the efficient operation of such resulting infrastructures, there is an apparent need for alignment of 

the different entities in the system in order for it to be functional (Weber, 2003; Geels, 2007). One 

such example of an infrastructure that is pivotal in society is the road transport infrastructure 

(Weber, 2003). Therefore, an understanding of the transformation of LTS provided an important 

basis for the examination of ERS as part of the road transport infrastructure. 

For changes or transformations to occur in a LTS, there needs to be a driver that is considered 

problematic either internally or externally with regards to the system. These problematic drivers 

may manifest in the presence of underlying issues within the system as seen by the actors operating 

within it or in the presence of external influencers such as environmental impacts or regulatory 

pressures. (Summerton, 1994). Consequently, transformations are considered to be adaptations of 

a preceding system where the new system grows from and superposes on the predecessor (Gökalp, 

1992; Geels, 2007). Hence, it can be inferred that transformations in LTS rely on a combination 

of tangible and intangible factors pertaining to actors and interactions.  
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Weber (2003) posited a framework by which the forces and dynamics of transformation in a large 

socio-technical system (LSTS) – which is the incorporation of a social element to LTS -  can be 

examined. He presented a framework that was based on the mapping of three determinant 

transformation-driving force classes onto the strategic niche management (SNM) approach. The 

first driving force involves actor-driven initiatives that introduce and establish novel elements into 

an LSTS based on operational interactions, and the second driving force involves defining 

framework conditions for operations that are based on strategic interactions between different 

actors. The third driving force involves establishing a guiding vision among the key actors and is 

based on symbolic interactions. (Weber, 2003).  

The previously highlighted forces are mapped onto the SNM approach that outlines the presence 

of a learning space – a niche – in which experimental projects for transformation can be run while 

being protected from resistance from the established system (cf. Figure 1). The approach presents 

a tiered representation of levels with the experiment level being at the bottom, the niche level being 

second, and the regime level being the highest level. (Weber et al., 1999). 

 

Figure 1: Niche-based Transformation of Large Socio-technical Systems (Weber, 2003) 

For a transformation to occur, it is imperative that the niche level maintains alignment between 

top-down regulatory initiatives and bottom-up experimental initiatives. To maintain the alignment, 

the three transformation-driving forces take place at the niche level. The actor, framework, and 

vision forces aim at maintaining participation of actors and users operating at the experimental 

level, introducing structural and regulatory changes to support the experimental initiatives, and 

creating a unified opinion that balances bottom-up and top-down initiatives. (Weber, 2003). The 

transformation of LSTS as a result of experiment projects within learning space niches provided 
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insight into the potential of ERS demonstration projects, such as the one utilized as a case study 

for this thesis, to transform the Swedish transport system. 

Technological Innovation Systems 

An innovation system consists of several structural elements such as value chain actors, networks, 

and institutions (e.g. regulations and norms) (Jacobsson & Bergek, 2011). Moreover, an innovation 

system can include technology as a further structural element (Malerba, 2004; Hellsmark & 

Jacobsson, 2009; Suurs & Hekkert, 2009). There is a multitude of approaches that define 

innovation systems and in particular their boundaries (Altenburg et al., 2016). Moulaert and Sekia 

(2003) focused on a geographical perspective for system boundaries with national innovation 

systems (Freeman, 1987; Lundvall, 1992) and regional innovation systems (Cooke, 1996) 

representing different geographical scales. Meanwhile, Breschi and Malerba (1997) and Malerba 

(2002, 2004) focused on a sectoral division of systems. However, Bergek et al. (2008) took an 

approach that focused on setting the boundaries in reference to technology. Murmann and Frenken 

(2006) and Markard and Truffer (2008) discussed the superimposition of the different system 

perspectives as a multi-level hierarchy of overlapping systems. Ultimately, the choice of the most 

appropriate perspective to adopt when analyzing a system is reliant on the particular research focus 

(Altenburg et al., 2016). 

A technological innovation system (TIS) can be considered to be a STS that has a focus on ensuring 

the successful development, diffusion, and use of a particular technology (Carlsson & Stankiewicz, 

1991; Bergek et al., 2008; Hekkert & Negro, 2009). This innovation system involves a dynamic 

actor network that interacts together within an economic area and is built upon a defined 

institutional infrastructure (Carlsson & Stankiewicz, 1991). It can further be defined by the 

systematic interdependency of technology, actor, network, and institution elements that culminate 

in the development of a particular technological field (Bergek et al., 2015). Moreover, these TIS 

can be considered as a context provider where a technology that may change a STS is developed 

and applied (Hekkert & Negro, 2009). It should be noted that the TIS boundaries determine the 

realm within which the technology is developed, and the other relevant elements outside of the 

boundary in turn provide a context for the TIS itself (Bergek et al., 2015). Moreover, elements 

included in a TIS do not have to be solely dedicated to the technology and may be included given 

their contribution to the overall innovation process of that technology (Bergek et al., 2008). 

Socio-technical systems can be considered as being defined by the relations that result in the 

shaping of the actors and components of the system (Haavik, 2011). When examining 

technological innovation systems, the examination of the system from a functional perspective 

provides insight that goes beyond the analysis of the static structure of the system components 

(Jacobsson & Bergek, 2011). Since a key characteristic of a system is that it performs a function 

(Hekkert & Negro, 2009), an understanding of the relations that exist between the system actors 

and components to deliver individual functionality to the system contributing to the overall 
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functionality of the system can provide more relevant and precise insights about a given system 

(Haavik, 2011). 

The dynamics within an innovation system include key processes that are defined as functions 

which influence the development, diffusion, and use of a new technology and consequently affect 

the performance of the system (Bergek et al., 2008; Hekkert & Negro, 2009). These functions act 

as intermediary indicators of the system performance and the respective performance contribution 

of the system components and actors (Jacobsson & Bergek, 2011). The quality of interaction 

between system functions plays an important role in the emergence of the technologies involved 

in a TIS and the safeguarding of the system from collapsing (Hekkert & Negro, 2009). 

Hekkert and Negro (2009) posited a set of seven functions that are important influencers of the 

build-up of innovation systems: ‘entrepreneurial activities’, ‘knowledge development’, 

‘knowledge diffusion’, ‘guidance of the search’, ‘market formation’, ‘resource mobilization’, and 

‘creation of legitimacy’. Bergek et al. (2008) have also posited a set of seven functions that mostly 

mirrors the functions presented by Hekkert and Negro (2009) with the difference being the 

combination of ‘knowledge development’ and ‘knowledge diffusion’ into one function and the 

addition of ‘development of positive externalities’ as a replacement seventh function. 

It should be noted that the different perspectives of innovation systems do share the attribution of 

collective and individual innovation and diffusion processes (Jacobsson & Bergek, 2011). 

Moreover, the connected nature of the components within an innovation system results in 

cascading changes once one component is changed (Jacobsson & Bergek, 2011). Thus, a change 

in the established paradigm of a system incurs a consequent change and realignment of actors and 

interactions takes place (Altenburg, et al., 2016). 

A TIS may still be influenced by interactions with external context structures such as other 

technological innovation systems, a sector composed of multiple technological innovation 

systems, a geographical dimension, and a political dimension. These interactions vary in the 

significance of interdependence whereby ‘external links’ are interactions with an external context 

that affect the development of the TIS without having a reciprocal effect on the external context. 

The other external interaction is referred to as ‘structural coupling’ where the presence of TIS 

elements in other different contexts simultaneously has a dual-directionality interaction.  (Bergek 

et al., 2015). 

Bergek et al. (2008) developed a six-step analysis scheme that may be used by policy makers to 

identify key policy issues and set goals for a technological innovation system (cf. Figure 2). The 

process focuses on the functions or key processes within a TIS rather than merely analyzing the 

structure of the system (Bergek et al., 2008).  
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Figure 2: Technological Innovation System Assessment Process (Bergek et al., 2008) 

The first step of the process involves defining the TIS of interest as the unit of analysis. The 

definition includes choosing a focus device according to either knowledge field or product, 

choosing breadth or depth, and choosing a spatial domain. The second step involves determining 

the structure of the system by identifying the system components in terms of actors, networks, and 

institutions. Followingly, a mapping of the functional patterns takes place whereby an 

understanding of the functions being performed and the manner by which they are performed by 

their respective system components is determined. Subsequently, the functionality is measured and 

assessed while setting goals for the desired levels of functionality. The penultimate step involves 

identifying mechanisms that will induce or block the development of the system towards the set 

goals. Finally, key policy issues relative to the inducing and blocking mechanisms are specified. 

(Bergek et al., 2008). 

The outlined scheme provides a guide by which a TIS can be assessed from an economic 

perspective if it were revised to suit a particular context (Bergek et al., 2008). Thus, an adaptation 

of the scheme was used in order to assess ERS within the context of this thesis.  

As outlined above; the different forms of innovation systems, particularly technological innovation 

systems, are an analytical tool to understand the constituent components and functions of the 

system (Bergek et al., 2008). The understanding developed can be utilized to analyze the 

components, functions, and interactions of ERS. However, innovation systems have been 

traditionally utilized in order to produce insights for policy makers (Bergek et al., 2008; Jacobsson 

& Bergek, 2011). Given that the context of this thesis focused on developing a business 

understanding of ERS, the application of TIS theory in the context of this thesis was complemented 

by business model theory. 
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2.2. Business Models 

The ability of a firm to create and capitalize on business opportunities – also referred to as 

economic competence – is an important constituent of a technological system, and it is an 

important factor to the success of an innovation (Carlsson & Stankiewicz, 1991). In turn, firms 

that desire the commercialization of technological innovations require business models to bring 

the innovation to the market and address the customer need (Chesbrough, 2010; Teece, 2010). 

Consequently, it becomes essential to combine the technological innovation system assessment of 

electric road systems with an economic and business focused assessment. 

There are different perspectives to the definition of business models (BM) (Bocken et al., 2014). 

Margretta (2002), Zott and Amit (2010), and Beattie and Smith (2013) take a holistic approach to 

the description of the way a firm does business. Zott and Amit (2010) further outlined an activity-

based focus of BMs whereby the activities, their structure, and their performers are taken into 

account. Alternatively, Teece (2010) addressed BMs as the firm’s ability to convert resources into 

economic value while implicitly addressing customer needs and the behaviors of costs, revenues 

and competitors. Osterwalder and Pigneur (2010) addressed business models as a collection of 

elements that combine to create and deliver a value proposition while accounting for cost and 

revenue. Moreover, Osterwalder et al. (2005) identify a BM as an analytical tool with which a firm 

can understand how they do business from the management, performance, and innovation 

perspectives.  

A derivative approach from business model literature addresses sustainability and is aptly called 

sustainable business models (Bocken et al., 2014). One description of sustainable business models 

addresses the attainment of competitive advantage through the provision of customer value that 

contributes to the society’s and the company’s sustainable development (Lüdeke-Freund, 2010). 

Stubbs and Cocklin (2008) posited that firms take both a firm-level and a system-level perspective 

for sustainable business models that in turn encompasses the environment and society among its 

stakeholders. Bocken et al. (2014) posited a set of eight business model archetypes that place focus 

on changing and innovating to have BMs suitable for sustainability; and the authors organized the 

archetypes according to three change or innovation groupings while utilizing the value proposition, 

value creation and delivery, and value capture as the business model components (cf. Table 1). 

Hence, the understanding of BMs in the context of TIS with a focus on sustainability provided an 

important foundation to the assessment of ERS. 
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Table 1: Business Model Archetypes for Sustainability (Bocken et al., 2014) 
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For the development of new technologies, the focus for BMs extends towards the creation of a 

new system that involves a wider outlook on stakeholders (Johnson & Suskewicz, 2009; Sommer, 

2012).  The dynamics and interactions between actors are important to address when assessing the 

creation of a market and should be examined from an evolving socio-technical system perspective 

(Dewald & Truffer, 2011).  

Firms create value by acting together with external entities and not through autonomous action 

which can be addressed through an examination of the interdependent activity system of these 

firms (Zott & Amit, 2010; Beattie & Smith, 2013). Moreover, market segments are determined by 

the delivered product or service, the end-users, and the interaction relationship between the actors 

(Dewald & Truffer, 2011). Therefore, having an understanding of the activities performed by a 

firm and the activities performed by other associated parties to deliver a product or service 

becomes important for a firm to design its business model (Zott & Amit, 2010). 

The activity system perspective posited by Zott and Amit (2010) takes into account the need to 

identify the activity system’s architecture in terms of content, structure, and governance and to 

identify the activity system’s themes for value creation such as novelty, complementarity, lock-in, 

and efficiency (cf. Table 2). Furthermore; the recipients of a product or service form a market 

segment where the segment can be contained, self-sustaining niches or wider market segments 

(Dewald & Truffer, 2011). Moreover, Dewald and Truffer (2011) stated that the relation between 

the generator and the recipient of the product or service contributes to supporting the functionality 

of different actors in a TIS market segment. Therefore, an understanding of the structure of the 

activity system of an ERS helped determine the consequent dynamic of value proposition exchange 

resulting from the different functionalities of the participants in the system. 

Table 2: Activity System Design Parameter Definitions (Zott & Amit, 2010) 

 Design Parameter Definition 

D
es

ig
n
 

E
le

m
en

ts
 Content The activities selected to be performed 

Structure The way the activities are linked 

Governance The performer of the activity 

D
es

ig
n

 

T
h
em

es
 

Novelty Introduction of new content, structure, and/or governance 

Lock-in Power to keep other entities attracted as BM participants 

Complementarities Ability to combine activities to produce more value 

Efficiency Design for improving organizational efficiency 
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The choice of activities a firm performs and the associated expenditures, prices, and resources 

among others that enable the performance of these activities affects the formation of the firm’s 

business model (Zott & Amit, 2010). Therefore, the use of business model tools can be helpful for 

firms attempting to identify the BM needed to commercialize a technology (Chesbrough, 2010). 

There are a multitude of tools that can be used to design and visually represent BMs (Täuscher & 

Abdelkafi, 2017). One such tool is the Business Model Canvas (BMC) developed by Osterwalder 

and Pigneur (2010). The BMC is comprised of nine building blocks that address the offer, 

customer, infrastructure, and financial viability areas for a business (Osterwalder & Pigneur, 

2010). Another potential tool to utilize is the Lean Canvas devised by Maurya (2012) as an 

adaptation of the BMC. However, the standardized use of the BMC offers an increased 

transferability and compatibility among practitioners and research respectively (Täuscher & 

Abdelkafi, 2017). Thus, the BMC and its component elements posited by Osterwalder and Pigneur 

(2010) served as part of the tools to analyze the business landscape of ERS. The definitions of the 

building blocks are illustrated in Table 3. 

Table 3: Business Model Canvas Building Block Definitions (Osterwalder & Pigneur, 2010) 

Building Block Definition 

Value Proposition The products and services that create value  

Customer Segments The target groups of people or organizations 

Customer Relationships The type of interaction with the customer 

Channels 
The manner in which the value proposition is 

delivered 

Key Partnerships 

The important actors needed to provide for resources 

or activities needed to create and deliver the value 

proposition 

Key Activities 
The actions taken to operate and create the value 

proposition 

Key Resources The assets needed to provide the value proposition 

Cost Structure 
The costs associated with the creation and delivery 

of the value proposition 

Revenue Streams 
The sources of revenue expected from the customer 

segment in return for the value proposition offered  
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The section provides an overview of different perspectives of BM research. In turn, it provides a 

basis on the approach to analyze the business landscape of ERS by drawing on the different 

perspectives to complement the technical foundation and approach outlined in Section 2.1. The 

activity-based approach by Zott and Amit (2010) and the BMC by Osterwalder and Pigneur (2010) 

complement the TIS assessment approach by Bergek et al. (2008). The complementation was 

based on providing the breakdown of TIS into components and functions with an additional 

analysis approach that studied the components and functions from the activity-based view from 

which a BM can be identified for participants in an ERS through the use of BMC components. 

Moreover, the sustainable business model archetypes posited by Bocken et al. (2014) provided 

additional support for the BM evaluation for ERS.  
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3. Method 

In this chapter, the methodology used throughout this thesis is outlined. An overview of alternate 

methodology concepts is further provided to facilitate the considerations of future work given the 

novelty of the phenomenon studied. The chapter begins with an overview of the research design 

and research approach. Followingly, the chosen research strategy and its detailed description are 

presented. The associated data collection methods are then outlined, and they are followed by a 

detailed description of the research design steps. Finally, the chapter concludes with a discussion 

of research quality and research ethics. 

3.1. Research Design 

The choice of a phenomenon of interest, the aspects to be investigated, and the means by which it 

is to be studied represent the initiation of a research process (Blomkvist & Hallin, 2015). Once 

initiated, a research design is required in order to guide the research process towards answering 

the questions pertaining to the investigated aspects of the phenomenon (De Vaus, 2001).  Hence, 

a research design was devised to fulfil the purpose of this thesis which was to explore an 

assessment process to be used by potential ERS participants to identify related business models. 

Since the context of the thesis centered around the novel phenomenon of ERS, a qualitative 

research design was chosen in order to have a holistic focus of the studied ERS and to examine 

factor interrelationships associated with the particular context in an appropriate setting 

(Denscombe, 2010). Therefore, the chosen research design involved three design steps (cf. Figure 

3): System Definition and Breakdown, Assessment Process Development and Application, and 

Business Model Evaluation. A detailed description of the individual research design steps will be 

outlined in Section 3.5. 

 

Figure 3: Research Design Steps 

3.2. Research Approach 

Upon the designation of the research design, a research approach which outlined the 

methodological reasoning to be used in achieving the purpose of the thesis was selected (Blomkvist 

& Hallin, 2015). However, a determinant aspect of the research approach to be followed can be 

considered to be the purpose of the thesis. A research study can have one of a multitude of purposes 

to be fulfilled (Denscombe, 2010). A research study’s purpose can be exploratory, descriptive, 

explanatory, or predictive; and the purpose of this thesis was of an exploratory nature involving 

the uncovering of unknown or unstudied dimensions of the chosen phenomenon (Blomkvist & 

Hallin 2015). The purpose choice for this thesis was motivated by the novelty of ERS which gave 
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rise to the opportunity to study the BM dimension from the unaddressed function-based outlook 

of actor participation in the system. 

Given the nature of the purpose, a research approach from the following can be adopted: inductive, 

deductive, or abductive (Eisenhardt & Graebner, 2007; Van Maanen et al, 2007; Blomkvist & 

Hallin, 2015). Inductive and deductive approaches differ in the initiation point and direction of 

research in that an inductive approach initiates from empirical phenomena and is directed towards 

theory-building while a deductive approach initiates from theoretical hypotheses and is directed 

towards empirical testing (Eisenhardt & Graebner, 2007; Blomkvist & Hallin, 2015). An abductive 

approach was utilized in this thesis, and it involved an iterative and oscillating adoption of 

inductive and deductive approaches resulting in a mutually-influencing relationship between 

theory and empirics (Van Maanen et al, 2007; Blomkvist & Hallin, 2015). Van Maanen et al. 

(2007) posited that abduction aims at working backward from a particular aspect by identifying 

the empirics or theories that provide and explanation to that aspect. Thus, an abductive approach 

was deemed appropriate to follow for this thesis because of the novelty of the phenomenon and 

the scarcity of theory around it which in turn required a recursive oscillation between the use of 

empirics and theories throughout the thesis research design steps. Moreover, the choice of an 

abductive approach provided the ability to develop a theoretical and practical assessment process 

that emerged from engaging with challenges associated with ERS in the real world (Kilduff, 2006). 

3.3. Research Strategy 

A research strategy is considered to be the plan to be taken during a research process, and it 

revolves around achieving the aim of the research given a holistic outlook and a detailed research 

design (Denscombe, 2010). Denscombe (2010) further outlined that the choice of strategy may be 

dependent upon several considerations: usefulness, feasibility, and suitability. In turn, these 

considerations rely on aspects such as time constraints and access to data among others 

(Denscombe, 2010). Consequently, these considerations and aspects were taken into account when 

selecting the research strategy for this thesis given the importance of having access to empirical 

data and the limited time allotted to the completion of the thesis. 

There are a number of different research strategies that can be adopted: surveys, case studies, and 

experiments among others (Saunders et al., 2009; Denscombe, 2010). The chosen research strategy 

for this thesis was a case study. A case study involves understanding the dynamics that occur and 

their relationships as they occur within a single setting (Eisenhardt, 1989; Desncombe, 2010; 

Blomkvist & Hallin, 2015). The choice of the case study as the strategy for the thesis was 

motivated by its suitability for focusing on ongoing events thus making it apt for studying ERS 

which are taking place in Sweden in the form of demonstration projects (Yin, 1989). Moreover, 

the novelty of ERS and the associated system complexity rendered the case study strategy suitable 

for the thesis (Stuart et al., 2002).  

The use of case studies in research is deemed as highly suitable for early stages of exploring a new 

phenomenon and the development of theory around it (Eisenhardt, 1989; Yin, 1994). Case studies 
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provide an opportunity to conduct an in-depth study where relationships and processes are 

examined, and insight is gained whether through the study of a single case study or multiple 

(Denscombe, 2010). Thus, case selection holds paramount influence over theory building from 

cases due to the shaping effect that the content and context of the case study has on the extracted 

insights for research (Eisenhardt, 1989). However; the case, as a research’s unit of analysis, has 

certain defined features among which are distinct boundaries that make the case into a self-

contained entity (Denscombe, 2010). The case study featured in this thesis was the eRoadArlanda 

ERS demonstration project. It was deemed applicable given that it allowed access to the unit of 

analysis of the thesis: business modeling for participants in an ERS based on insights drawn from 

an ongoing demonstration project. The boundaries of the case study took form in its nature of being 

a demonstration project where involved participants and technical system boundaries are known. 

A more detailed overview of the empirical features of the eRoadArlanda case is provided in 

Chapter 4. 

The selection of the eRoadArlanda project as an applicable case study was predicated on several 

aspects. As studying the entire relevant population of interest in research was deemed impractical, 

a sample selection of the population was made (Marshall, 1996). Case selection was not made 

based on a random sampling of the population and rather more based on certain explicit criteria 

(Denscombe, 2010). Moreover, the selection took into account theoretical sampling as opposed to 

random sampling where the choice of a case study provided opportunities for research access of 

an unusual and extreme phenomenon to develop theory (Glaser & Strauss, 1967; Yin 1994; 

Eisenhardt & Graebner, 2007). Careful and appropriate case selection was critical given the effects 

inadequate selection can have on interpreting and understanding research findings (Coyne, 1997). 

Given the temporal and geographical delimitations of this thesis, an applicable ERS to be used as 

a case study must have been located in Sweden. Moreover, the case selection required an ERS in 

its most mature state which made the eRoadArlanda project a suitable case study given its 

implementation within an active road. 

Case studies put focus on the depth of study, relationships and processes, and a holistic view as 

characteristics to examine for the chosen unit of analysis (Denscombe, 2010). Furthermore, 

theoretical sampling provides suitable means to study relationships occurring within a case’s 

constructs (Eisenhardt & Graebner, 2007). Hence, the selection of eRoadArlanda as the case study 

for this thesis afforded the opportunity to examine relationships and processes occurring within an 

ERS, to collect data from within the ERS context, and to develop practical and theoretical 

understandings of the business models within this context. 
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3.4. Data Collection and Analysis 

With the research strategy outlined, the tools that allowed for collection of relevant data – 

alternatively called the research method – were selected (Denscombe, 2010). A variety of data 

collection methods can be utilized for case studies: archives, interviews, questionnaires, 

documents, and observations to name a few (Eisenhardt 1989; Stuart et al., 2002; Denscombe, 

2010). For research utilizing a case study, data often takes the form of verbal and written interview 

records and documentation that may be provided by a company (Stuart et al., 2002). Thus, the data 

collection tools employed for the thesis that were applicable for the case study comprised of 

interviews and documents.  

Interviews 

An interview as a data collection tool provides a researcher with increased understanding of the 

phenomenon being studied (Liamputtong, 2013). The use of interviews for data collection relies 

on considerations such as access to interviewees and the viability of conducting interviews 

(Denscombe, 2010). The access to interview candidates for the thesis was facilitated through 

referrals by personnel involved with the eRoadArlanda project and was initiated by the provision 

of candidates by the commissioner of the thesis. The viability of conducting interviews was 

facilitated through the use of different methods of communication including face-to-face meetings, 

phone calls, and video conference meetings. The conducted interviews involved information 

capture through a combination of field notes and audio recordings when permissible to ensure that 

the information was captured and relayed accurately (Denscombe, 2010). Further elaboration on 

the implications and considerations that audio recording entail on the research quality and ethics 

is provided in Sections 3.6 and 3.7 respectively.  

The use of interviews possessed its inherent benefits and drawbacks. Benefits of using interviews 

included the provision of in-depth, accurate, and relevant knowledge that was acquired from 

sources with high proximity to the studied phenomenon (Denscombe, 2010). For the purposes of 

the thesis, it allowed for the attainment of information regarding business models and ERS from 

individuals taking part in eRoadArlanda or other ERS-related projects. Conversely, the use of 

interviews presented itself with drawbacks for data analysis and data reliability (Denscombe, 

2010). These drawbacks manifested in the attempts to analyze the non-standardized data gathered 

from the interviews where consistency was dependent on the interview setting. These aspects will 

be further reflected upon critically in upcoming sections in this chapter. 

Interviews can be unstructured, semi-structured, or structured implying a progressive degree of 

control over the proceedings and questions (Denscombe, 2010; Blomkvist & Hallin, 2015). In this 

thesis, a combination of semi-structured and structured interviews was utilized. The combination 

and its manifestation during a single interview is outlined in the following. 

Denscombe (2010) described structured interviews as interviews where a pre-determined list of 

questions is posed to the interviewee with the answers provided having a constrained domain in 
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which it directly answers the posed question. The structured interview format was utilized given 

that the control over the question’s wording, order, and answer domain allowed for a certain level 

of standardization (Denscombe, 2010). Thus, structured interviews mitigated the non-standardized 

data effect that is associated with the use of interviews as a data collection method which was 

previously outlined.  

Semi-structured interviews were defined by Denscombe (2010) as interviews were more liberty is 

afforded when conducting the interview in terms of the order of the questions, the open-endedness 

of the answers, and the topics of discussion. Questions in semi-structured interviews may be pre-

defined, but they are also tailored to particular interview settings and discussions (Collis & Hussey, 

2014). Thus, semi-structured interviews allow for the conducted conversations to be guided yet 

non-constricting in the efforts to gather information (Blomkvist & Hallin, 2015). The semi-

structured interview aspects of the interviews conducted for this thesis took form in afforded 

flexibility for the interviewees to provide additional information and explore other discussion areas 

that were not previously outlined by the pre-defined interview guide. Yet, the additional 

discussions were directed to be around areas that are closely related to the particular research study 

area. Hence, the structured format of interviews was addressed by providing a set of particular 

questions in which the answers provided were within a certain domain while the semi-structured 

format manifested in some questions being spurred on from the ongoing discussions during the 

interviews. The questions that comprised the structured format of the interview are presented in 

Appendix A, and the questions that were incited during the interview in the semi-structured format 

and the incidences in which they were raised are available in Appendix B.  

The criteria with which the interviewee sample was targeted were twofold (Robinson, 2014). First, 

the interviewees were to have a baseline understanding of ERS which may be gained from being 

involved with any ERS project as to not limit the BM-related insights to be gained. Second, the 

interviewees were to have a strong involvement with the eRoadArlanda project in particular to 

account for insights of an ongoing ERS project. However, both criteria were not mutually 

exclusive. Thus, the selection of interviewees was not of a random selection nature but rather 

adhered to the outlined criteria (Denscombe, 2010). Therefore, the interviewees included 

eRoadArlanda participants, a vehicle OEM that participated in an ERS project, and an advisory 

firm commissioned by an eRoadArlanda participant to analyze BM-related aspects for ERS. A list 

of the interview respondents is provided in Table 4. The list has the interviewees being referred to 

as respondents in order to ensure the anonymity of the interviewees as per ethical research 

guidelines that are outlined in Section 3.7. Moreover, Table 4 outlines further information 

regarding the interviewees and the interview settings that serve to provide context for the selection 

of the interviewees the and nature of the interview setting. 
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Table 4: List of Interviewed Respondents 

Interviewee Affiliation Function 
Interview 

Date 

Interview 

Duration 

Interview 

Type 

Respondent 1 

(R1) 

ABT 

Bolagen 
Executive 13.03.2018 60 minutes 

Video 

Conference 

Respondent 2 

(R2) 
PostNord 

Environmental 

Specialist 
13.03.2018 80 minutes Face-to-Face 

Respondent 3 

(R3) 
Trafikverket Senior Advisor 14.03.2018 90 minutes Face-to-Face 

Respondent 4 

(R4) 
NCC 

Executive and 

Department 

Head 

15.03.2018 60 minutes Face-to-Face 

Respondent 5 

(R5) 
Vattenfall 

Department 

Head 
22.03.2018 60 minutes Phone Call 

Respondent 6 

(R6) 
Elways Executive 26.03.2018 60 minutes Face-to-Face 

Respondent 7 

(R7) 
e-Traction Director 26.03.2018 60 minutes 

Video 

Conference 

Respondent 8 

(R8) 

Volvo 

Group 
Product Owner 05.04.2018 70 minutes Phone Call 

Respondent 9 

(R9) 

Advisory 

Firm 

Advisory 

Services 

Manager 

06.04.2018 60 minutes Phone Call 

Documents 

The use of interviews as a data collection tool was complemented with the use of documents. 

Documents provided an additional source of data in their capacity of holding recorded information 

from different beneficial contexts (Denscombe, 2010). Documents used for this thesis included 

company reports, government publications, and ERS project reports. The use of documents 

provided advantages in terms of credibility of the extracted information particularly for 

government publications (Denscombe, 2010). Other critical considerations regarding the use of 

documents are provided in Section 3.6.   

Data Analysis 

Given the abductive and qualitative nature of the research approach and design respectively, the 

analysis of the collected data involved an iterative process (Denscombe, 2010; Blomkvist & Hallin, 

2015). Consequently, the analysis of the collected data was ongoing throughout the collection 

process and involved the inclusion of new data and the derivation of new insights that shaped the 

progression of the thesis proceedings. Moreover, the generation of data led to consultation of 

literature in order to generate general understanding and to gain more detailed insights when 
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needed (Collis & Hussey, 2014). This consultation of literature further served as a means of 

creating links between identified empirical results and conceptual theories to substantiate the 

results (Van Maanen et al., 2007). Hence, the use of multiple sources of data supporting material 

was considered as an application of triangulation of the results (Denzin, 1978; Jick, 1979).  

As previously indicated, the nature of the collected data was mostly qualitative. The analysis of 

such data afforded certain advantages: detailed and rich data-driven outlook on the phenomenon, 

allowance for ambiguity and contradictions given the novelty of ERS, and potential alternative 

interpretations of ERS from different participant viewpoints (Denscombe, 2010). Therefore, 

certain drawbacks associated with the analysis of case study data such as the inability to derive 

patterns were mitigated through the application of different perspectives in the analysis of the data 

(Stuart et al., 2002). The particular approaches and perspectives utilized in the analysis of the data 

will be outlined according to its corresponding research design step in Section 3.5. Conversely, 

qualitative analysis included its disadvantages among which was the limited representation of the 

data (Denscombe, 2010). This limited representation was considered to take form in the number 

of interviewees and their representative organizations as compared to the overall population. 

However, the limited representation and its effects were addressed previously in this section with 

regards to the sampling aspects and will also be addressed in Section 3.6 with regards to the 

generalization aspect. 

3.5. Research Design Steps 

In this section, the research design steps previously outlined (cf. Figure 3) will be further expanded 

upon. The section will demonstrate the interplay between the research approach, the research 

strategy, and the data collection and analysis.  

System Definition and Breakdown 

This stage represented the initial phase of the research process and began upon the initiation of the 

thesis. Given the empirical phenomenon of ERS and its potential proliferation in the road transport 

infrastructure, establishing an understanding of the phenomenon and its encompassing setting was 

needed as a precursor to the exploration of the business model aspects. Thus, different documents 

such as consulting reports, academic papers and project reports were examined in order to 

understand the empirical setting from which the phenomenon emerged and in which it will take 

hold. Hence, the corresponding documents and academic sources were utilized in order to 

understand ERS and its constituent components as TIS, road transport systems as LTS, and 

demonstration projects as strategic niches. Collectively, these sources contributed to the definition 

and breakdown of the eRoadArlanda ERS demonstration project as outlined in Chapter 4 which 

provided parameters to be included in the following research design step. 
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Assessment Process Development and Application 

Following the first design step, the assessment process utilized for the thesis was developed and 

applied. The assessment process provided a means by which ERS can be assessed from a 

technological functions and components outlook which in turn gave rise to the evaluation of the 

business models of ERS participants. The development was contingent on the breakdown of the 

ERS according to an adaptation of the TIS analysis scheme outlined in Section 2.1. Moreover, 

different aspects of the system such as its boundary composition, its constituent functions, and the 

participant actor roles were aggregated to form the technical assessment component of the process. 

Thus, the technical component was built upon theoretical concepts and an empirical breakdown 

applicable to the ERS case investigated. Followingly, the BM component was introduced based 

upon literature sources. With both the technical and business components of the assessment 

process outlined, the application of the process took place. The application involved the initiation 

of data collection through the use of interviews. The interviews included the structured format that 

adhered to collecting information through the use of the assessment process as the backbone of the 

interview guide. The semi-structured format manifested as an extension to the assessment process 

to provide further complementary information. The application involved the use of the assessment 

process during the interviews conducted with the different interviewees representing participants 

in eRoadArlanda or others with links to ERS in general. Furthermore, the gathered information 

would continuously shape the following interviews in terms of different discussion areas of the 

semi-structured portion of the interviews. The gathered information also contributed to the focus 

areas of documents and literature used to triangulate the findings. Thus, this research design step 

comprised of the incorporation of previously identified parameters which guided the development 

of the assessment process and its application for the purposes of collecting data as outlined in 

Chapter 5. This step focused on parts of the assessment process related to the gathering of the 

empirical information through the application of the assessment process developed. Furthermore, 

the resulting data collection provided the basis upon which the subsequent research design step 

was to be conducted. 

Business Model Evaluation 

Upon the collection of the data, the evaluation of the business models took place. The evaluation 

involved incorporating further BM theoretical concepts that focused on an activity-based 

perspective. With a similar focus to that of the assessment process, the evaluation conducted 

addressed the gathered data from different perspectives. The different perspectives focused on a 

function-based analysis and a relational-based analysis. The evaluation of the gathered empirical 

data was complemented with further documents and literature. This step focused on the parts of 

the assessment process that involved analyzing and discussing the previously gathered empirical 

material.  
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3.6. Research Quality 

An important facet of the research process is to critically review the quality of the research 

(Blomkvist & Hallin, 2015). There are a variety of different criteria that are posed in academia by 

which the quality of research is assessed. Collis and Hussey (2014) highlight validity, reliability, 

and generalizability as credibility determinant factors of research. These three criteria were utilized 

for this thesis for assessing the quality and credibility. However, other factors were also taken into 

account and integrated in the quality assessment. For instance, Klein and Zedeck (2004) provide a 

guide of assessing theories according to internal consistency, logic, organization, and readability. 

These aspects were addressed given the distinct structuring, separation, and motivation of the 

theoretical areas included in Chapter 2. 

Validity 

The overall validity of research addresses the accuracy of the research in measuring its intended 

target focus (Golafshani, 2003; Collis & Hussey, 2014). Validity can be divided into several 

components: internal validity (Cook & Campbell, 1979; Yin, 1989; Stuart et al., 2002; Gibbert et 

al., 2008), external validity (Cook & Campbell, 1979; Kidder & Judd, 1986; Yin, 1989; Gibbert et 

al., 2008), and construct validity (Kidder & Judd, 1986; Yin, 1989; Flynn et al., 1990; Stuart et al., 

2002; Gibbert et al., 2008). Flynn et al. (1990) also highlighted other validity dimensions such as 

content validity and criterion validity as other validity checks for research; however, these validity 

checks were not utilized for the thesis given their focus on assessing measurement instruments and 

scales which were not used as part of the methodology of the thesis. Moreover; given that external 

validity refers to the extent to which the research process and findings are applicable on a wider 

extent, it will be further discussed within the context of generalizability later in this section. Thus, 

validity assessment will be focused on the internal and construct components. 

Internal validity is the extent to which the findings identified are related to the studied phenomenon 

(Cook & Campbell, 1979; Yin, 1989; Stuart et al., 2002; Gibbert et al., 2008). Construct validity 

is described as the extent to which the operational measures are appropriately defined for the 

research (Kidder & Judd, 1986; Yin, 1989; Flynn et al., 1990; Stuart et al., 2002; Gibbert et al., 

2008). To maintain internal validity during this thesis, collected data was triangulated while also 

attempting to find alternate explanations for observed patterns (Stuart et al., 2002). Additionally, 

construct validity was maintained during the data collection process through the explanation and 

establishment of the definitions of the constructs employed with the interviewees. The overall 

validity of the data collected was maintained through the act of recording and transcribing 

interviews in order to ensure the accuracy of the data to be utilized against the actual proceedings 

of the interviews. The validity of documented material was maintained through the assessment of 

their authenticity, credibility, and meaning as they relate to the research area of the thesis 

(Denscombe, 2010). However, there is an acknowledgement that documents can inherently carry 

bias because they are written from the perspective of a particular company with its best interest in 

mind.  
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Reliability 

Reliability is the ability to which the research may be repeated while still yielding similar results 

(Cook & Campbell, 1979; Kidder & Judd, 1986; Yin, 1989; Flynn et al., 1990; Gibbert et al., 2008; 

Collis & Hussey, 2014). Thus, the reliability of a research can be assessed by the consistency of 

the findings given the repetition of the research method. Given the case study research strategy 

employed and the qualitative data gathered, the reliability of the findings was significantly 

associated with the particular context of the research. However, efforts to maintain reliability for 

the research took form in the use of the structured interview format and the recording of the 

questions utilized as part of the interview guides (cf. Appendix A). Moreover, the semi-structured 

nature which may affect reliability given its less-constrained format was mitigated through the 

attempt to document the incidences during which the questions were posed (cf. Appendix B).  

Generalizability 

Generalizability, or as it is alternatively referred to as external validity, refers to the extent to which 

the research process and findings are applicable (Cook & Campbell, 1979; Kidder & Judd, 1986; 

Yin, 1989; Gibbert et al., 2008; Collis & Hussey, 2014). The generalizability of case studies 

becomes constrained by the similarity to other contexts and the particular identification of the case 

into its broader class of objects (Denscombe, 2010). Moreover, factors such as the industry and 

organization size among others are to be considered with generalization of case study findings 

(Stuart et al., 2002). Thus, the generalizability of the findings of this thesis and the particular 

eRoadArlanda case study were considered to be within the realm of ERS in terms of the data 

collected. The generalizability of the research design can be considered to be of a wider realm that 

involves assessing novel technical systems given that the design involved a basis of theoretical 

concepts that were not limited to ERS. 

3.7. Research Ethics 

Ethical considerations represent a significant aspect of the research process (Blomkvist & Hallin, 

2015). Thus, the proceedings of this thesis adhered to the four ethical principles outlined by the 

Swedish Research Council: information, consent, confidentiality, and good use (Sveriges 

Ingenjörer, 2018). The information principle involved outlining the purpose of the interview and 

the thesis research to the interviewees (Denscombe, 2010; Sveriges Ingenjörer, 2018). The consent 

principle was abided by through informing the interviewees of the voluntary nature of participation 

and freedom to opt out of the interviews at any point (Denscombe, 2010; Sveriges Ingenjörer, 

2018). The confidentiality principle was adhered to by maintaining and ensuring the security of 

the collected information (Sveriges Ingenjörer, 2018). The interviewees were anonymized; and the 

data gathered, including audio recording of the interviews which were acquired with permission 

of the interviewees, was stored in a secure manner by which access was controlled (Denscombe, 

2010). The good use principle was adhered to by only using the collected data from interviewees 

within the domain of the research conducted (Sveriges Ingenjörer, 2018).  
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4. System Definition and Breakdown: eRoadArlanda 

ERS Case 

In this chapter, the case study of this thesis is introduced. The chapter corresponds to the first 

research design step – System Definition and Breakdown – where the encompassing technical 

system in which ERS reside, ERS themselves, and demonstration projects as strategic niches are 

outlined. The chapter begins with an overview of electric road systems, the different variations of 

the system technologies, and the constituent elements of the system. Subsequently, the 

eRoadArlanda demonstration project will be introduced since it acted as the specific case study 

context of the thesis. The chapter concludes with a theoretical perspective of the eRoadArlanda 

ERS case. 

4.1. Electric Road Systems 

Given the importance of the road transport infrastructure to society (Weber, 2003), the introduction 

of ERS may be considered as a driven transformation to the infrastructure (Summerton, 1994). 

The transformation is driven due to vehicle electrification technology having the ability to mitigate 

ICE vehicle issues such as emissions and energy inefficiency (Figenbaum et al., 2015; Knupfer et 

al., 2017). An ERS is considered to be a form of electromobility that relies on the technological 

concept of providing EVs the capability to charge and propel based on dynamic electric charging 

while driving on the road (Tongur & Engwall, 2014; Chen et al., 2015; Sundelin et al., 2016; 

Tongur & Sundelin, 2016). Consequently, the system does not only involve the electrification of 

the vehicles, but also the incorporation of road transport and energy sector considerations (Deflorio 

et al., 2016). The addition of ERS into the set of systems that form the road transport system 

constitutes an addition to the considerably sizable and complex LTS (Leon, 2011). As posited by 

Geels (2007), the addition will involve the creation of links among different entities that are 

involved with the road transport system. Such links may include those among established actors, 

the transport administrations, and the technology providers of the ERS technologies to name a few.  

ERS can take the form of a closed system where the system has one operator, and the system 

parameters such as the routes and system component interfaces are pre-defined (Sundelin et al., 

2016; Tongur & Sundelin, 2016). However; a wide-scale implementation of an ERS requires the 

transformation into an open system where there are numerous participants, and the system expands 

over a significant geographical area with increased system component interface complexity 

(Sundelin et al., 2016; Tongur & Sundelin, 2016). Moreover, the open system will require the 

integration of multiple systems that are also operating autonomously (Tongur & Sundelin, 2016). 

Thus, an understanding of what constitutes an ERS and the variants of the systems provides insight 

into the granular elements and dynamics associated with its functioning.  

ERS variants mainly utilize two different power transfer solutions directly to the vehicle while it 

is on the road in order to dynamically charge and propel the vehicle: inductive wireless solutions 
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and conductive physical contact solutions (Emre et al., 2014; Connolly, 2016; Sundelin et al., 

2016). Inductive power transfer involves wireless generation without physical contact between the 

road’s power transfer unit and the vehicle’s corresponding unit; however, conductive power 

transfer involves creating a physical contact between the road’s power transfer unit and its 

counterpart in the vehicle (Khaligh & Dusmez, 2012; Emre et al., 2014; Connolly, 2016).  

The principle of inductive charging involves the creation of magnetic currents that will induce the 

generation of voltage and thereby power for the vehicles. This may be achieved through the 

installation of pads within the roads that will charge and power the vehicles as they pass over them 

or through the generation of the magnetic fields directed from the side of the road or directed from 

above to the road beneath it (Emre et al., 2014; Connolly, 2016; Sundelin et al., 2016). It should 

be noted that the focus of this thesis was on conductive in-road rail-based ERS; therefore, the thesis 

will not delve deeper into inductive technologies which were merely introduced as part of an 

overall background to ERS. Figure 4 illustrates one of the forms of induction charging which relies 

on induction from pads within the road. 

 

Figure 4: Inductive Charging Infrastructure (Emre et al., 2014) 

The principle of conductive charging involves having physical contact between the charging 

infrastructure and the vehicle to provide power (Emre et al., 2014; Connolly, 2016). There are 

different conceptual variations as to where the contact is made: from the top of the vehicle through 

overhead lines, from beneath the vehicle with in-road rail, or from the side of the vehicle with 

roadside extensions (Connolly, 2016). The sideways contact form will not be discussed further 

given that none of the demonstration projects taking place in Sweden at the time of writing 

involved this technology. The overhead line conductive technology (cf. Figure 5) relies on the use 

of overhead power lines with which a robotic arm, i.e. a pantograph, extending from the top of the 

vehicle makes contact to enable the dynamic charging and propulsion of the vehicle (Sundelin et 

al., 2016).  
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Figure 5: Conductive Overhead Charging Infrastructure (Sundelin et al., 2016) 

Alternatively, the conductive in-road rail technology relies on attaching a pantograph to the bottom 

of the vehicle that detects the position of the rail and makes contact to enable dynamic charging 

and propulsion (Sundelin et al., 2016). Electric road systems utilizing the conductive in-road rail 

concept served as the focus of the thesis (cf. Figure 6). 

 

Figure 6: Conductive In-Road Rail Charging Infrastructure (Elways, 2018a) 

Given the relative complexity of the composition of ERS compared to conventional roads, an 

understanding of the different components that contribute to the operation of such a system served 

to dissect the overall functionality into smaller functions that are more easily identified, attributed, 

and assessed. Sundelin et al. (2016) posited a decomposition of an ERS into a sub-system 

component hierarchy that contributes to the functionality of the system. The decomposition is 

based on high-level subdivision of an ERS into 5 sub-systems with the potential for each sub-
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system to be further broken down into constituent components (Sundelin et al., 2016). The 

hierarchal pedigree and descriptions of the components are outlined in Table 5. 

Table 5: Electric Road System Component Hierarchy and Description (Sundelin et al., 2016) 

Sub-System Component 

Hierarchy 
Component Description 

1) Road Operation 

Involves energy management control, user information 

provision, payment and billing, and lane control for the 

system 

2) 
Power 

Transfer 

2a) 
Road Power 

Transfer 

Involves detecting the vehicle and transferring power 

from the road 

2b) 
Vehicle Power 

Transfer 

Involves activation and operation of pantograph and 

subsequent measurement of energy transfer 

2c) Control 
Involves supervision of energy handovers and system 

operation 

3) Road 

3a) Pavement 
Involves the physical components of the road such as 

the pavement and road markings 

3b) Barrier Involves the safety and noise barriers 

3c) Auxiliary 
Involves the components that are outside of the road 

such as road signs and road illumination 

4) Energy 

4a) Transmission 
Involves the flow of power from generation to the 

national grid 

4b) Distribution 
Involves the flow of power from the regional grid to 

the power transfer system component 

4c) Management Involves the operating and balancing of energy 

5) Vehicle 

5a) 
Power 

Converter 

Involves the conversion of power from the power 

transfer system to either propel the vehicle or charge 

the battery 

5b) Control Unit 
Involves the provision of user information, vehicle 

positioning, and fleet management 

 

Commonly discussed problems for fully-electric vehicles and their batteries are their size and 

power limits, life time, recharge points, and recharge time. (Deflorio & Castello, 2015). Therefore, 

dynamic on-road charging solutions aim at addressing some of these issues and other that are 

associated with fully-electric vehicle batteries such as range, weight, and cost concerns (Emre et 
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al., 2014). ERS represent a technological shift that will trigger a change in the business models 

given the changes in the new roles, technologies, and interfaces that accompany the new system 

and its adapted business landscape (Tongur & Engwall, 2014). Moreover, the commercialization 

of conductive dynamic charging systems is associated with significant road transformation 

investment that may lead to delayed introduction on a wider basis. (Emre et al., 2014). Thus, it 

becomes worth examining a small-scale demonstration project of an ERS to get a grasp on the 

real-life business implications. The following section introduces eRoadArlanda which is an 

example of such a demonstration project that served as a case study for this thesis. 

4.2. eRoadArlanda 

The eRoadArlanda demonstration project is part of a set of projects for the Swedish Transport 

Authority (Trafikverket) relating to the electrification of roads (eRoadArlanda, 2018a). The 

demonstration project involves installing two kilometers of in-road rails to electrify within a ten-

kilometer section of Road 893 (eRoadArlanda, 2018a; 2018b). The electrification provides a 

source of energy for an 18-ton truck that will be transporting goods for PostNord between the 

Arlanda Cargo Terminal and the Rosersberg logistics area (eRoadArlanda, 2018a). The 

eRoadArlanda project consists of a consortium of participants. The participants in the project 

consortium represent different industries and are involved in different business areas. The diversity 

stems from the expansion of the composition of the mobility stakeholders from only manufacturers 

and users to also include stakeholders such as energy suppliers and service providers to name a 

few (Sadeghian et al., 2012). An overview of the business areas of some of the participants who 

are directly involved in the project is presented in Table 6. 

Table 6: eRoadArlanda Participant Business Overview 

Participant Business Overview 

ABT Bolagen 

A provider of products and services for construction operations through the 

provision of owned and subcontracted machinery and trucks along with 

fuel distribution operations (ABT Bolagen, 2018a). The provided services 

include the supply of excavation and foundation work equipment and 

services along with the transport of the extracted clay and rocks (ABT 

Bolagen, 2018b). Moreover, ABT Bolagen provides construction material 

from the recycling of the previously extracted and transported material 

from construction sites (ABT Bolagen 2018c).  

DAF 
A Dutch company that develops and produces light, medium, and heavy-

duty trucks (DAF, 2018). 

Elways 

A small start-up that developed an ERS solution based on conductive in-

road rail dynamic charging of vehicles. The design of the solution accounts 

for the integration of both light and heavy vehicles. (Elways, 2018a; 

2018b).  
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e-Traction 

A provider of vehicle electrification products and services which include 

in-wheel electric powertrain components and systems engineering and 

integration services (e-Traction, 2018a; 2018b). 

Kilenkrysset 

A company involved in the construction, ownership, and management of 

different properties to be used for logistics and warehousing and offices 

among other utilizations (Kilenkrysset, 2018a). Furthermore, Kilenkrysset 

owns a production facility which manufactures concrete walls that are used 

in the internal construction projects and by external parties (Kilenkrysset, 

2018b). 

NCC 

A large construction and property development company operating in the 

Nordic region with 55 bSEK in sales accrued in 2017 (NCC, 2018a). NCC 

comprises of four different companies namely NCC Infrastructure, NCC 

Building, NCC Property Development, and NCC Industry with 

contributions of 32%, 43%, 4%, and 21% of total sales accrued in 2017 

respectively (NCC 2017; 2018b). The group operates in the construction of 

buildings and infrastructure, development of property, and the manufacture 

of construction material (NCC 2018b; 2018c; 2018d; 2018e). 

PostNord 

The leading supplier of communications and logistics solutions in the 

Nordics and provides postal services within Sweden and Denmark 

(PostNord, 2018). 

Trafikverket 

The Swedish Transport Authority and is responsible for the planning, 

construction, operation, and maintenance of public roads and railways 

(Trafikverket, 2018). 

Vattenfall 

A major energy and power generator, distributor, and seller of electricity in 

the Nordic, German, and Dutch regions with operational presence in the 

entire energy value chain (Vattenfall, 2018). 
 

The project is managed by Roserbergs Utvecklings AB (RUAB) which is a limited company that 

is jointly owned by NCC, Elways, ABT Bolagen, and Kilenkrysset (eRoadArlanda, 2018a). The 

representative respondents from ABT Bolagen, NCC, and Elways indicated that the role of RUAB 

is to administer and manage the proceedings of the project with the other members of the 

eRoadArlanda project consortium. RUAB was also deemed to be the entity with which the 

procurement of the project was attained and to whom the project funds are allocated by 

Trafikverket as indicated by the representative respondent from Trafikverket. The demonstration 

project employs the in-road rail conductive technology developed by Elways with NCC providing 

support for the development (cf. Figure 6) wherein the tracks are detected by a pantograph, contact 

is created with the track to collect the power needed, and the vehicle is either propelled or the on-

board battery is charged (eRoadArlanda, 2018a; 2018c). Table 7 provides an overview of a 

selection of the project participants, their corresponding involvement area, and a brief description 
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of the nature of their involvement. The selection of participants was contingent on the degree of 

direct involvement and contribution in the management and operation of the demonstration project. 

Table 7: eRoadArlanda Project Participant Involvement Area (eRoadArlanda, 2018a) 

Involvement 

Area 
Participant Nature of Involvement 

Electric Road 

Vehicle 

ABT Bolagen 
Procurer of the DAF diesel truck that was converted 

into an electric truck and part-owner of RUAB 

DAF 

The original equipment manufacturer (OEM) of the 

truck utilized; however, it was indicated that there was 

a lack of involvement in the conversion process on 

their part 

e-Traction 
Converted the vehicle used in the demonstration 

project from a diesel truck to a fully electric truck 

Electric Road 

Operation 

Elways 

Owner and producer of the electrical power transfer 

technology installed in the vehicle and the road to 

enable dynamic charging 

NCC 
Developer of technologies and methods for the 

installation, operation and maintenance of the ERS 

Trafikverket 

The Swedish Transport Authority and the provider of 

the project funding as part of the procurement of the 

project. Additionally, it owns the road on which the 

demonstration takes place 

Vattenfall 

The owner of the electricity distribution grid that is 

utilized to provide power to the in-road rail, and the 

provider of energy to the ERS 

Electric Road 

User 
PostNord 

Provider of the goods to be transported by the electric 

truck between Arlanda and Rosersberg and also 

contributed by setting up fast-charging equipment to 

complement the electrified infrastructure 
 

4.3. Theoretical Perspective of the eRoadArlanda ERS Case 

The eRoadArlanda project was considered to represent a technological innovation system. As 

outlined above, the project was a context provider that involved a variety of actors and institutions 

which collectively aim at ensuring the viability of the Elways ERS technology in order to enable 

its implementation on a wider scale. Thus; the categorization of ERS as a technological innovation 

system corresponded to the TIS features relating to context provision (Hekkert & Negro, 2009), 

system composition (Jacobsson & Bergek, 2011; Bergek et al., 2015), and the system’s focus 

(Carlsson & Stankiewicz, 1991; Bergek et al., 2008; Hekkert & Negro, 2009) respectively (cf. 
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Section 2.1). Hekkert and Negro (2009) and Bergek et al. (2008) outlined functions that represent 

key processes influencing the development, diffusion, and use of a TIS. Functions such as 

‘knowledge development and diffusion’, ‘guidance of the search’, ‘resource mobilization’, 

‘creation of legitimacy’, and ‘market formation’ can be considered to be of relevance for the 

development and the diffusion of the TIS. These functions manifested for eRoadArlanda through 

the generation and sharing of knowledge of the technology’s functioning, the creation of clear 

connections for the system regarding its contribution towards sustainable mobility, commitment 

of resources towards the project, the installation of the project within the established infrastructure 

system, and the creation of the demonstration project niche respectively. 

The nature of eRoadArlanda as a demonstration project and its intended purpose of transforming 

the road transport system rendered it suitable to examine using the adapted SNM framework 

posited by Weber (2003) (cf. Section 2.1).  The eRoadArlanda project occupied the niche level as 

it acted as the learning space wherein the Elways ERS technology concept is developed and tested. 

The regime level was occupied by Trafikverket given its capacity as a regulatory institution, and 

the experiment level was occupied by Elways as a technology developer for fossil fuel-independent 

vehicle operation. The eRoadArlanda niche included the three determinant transformation-driving 

forces of resource commitment by the project participants, RUAB, and sustainable transport as the 

embodiment of the actor-driven initiatives, framework conditions for operations, and guiding 

vision forces respectively as outlined by Weber (2003) (cf. Figure 7).  

 

Figure 7: eRoadArlanda Niche-based LTS Transformation (adapted from Weber, 2003) 
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Resource commitment materialized in different forms for participants of eRoadArlanda. Some 

participants committed mainly tangible resources such as the ERS technology from Elways or the 

truck which was purchased by ABT Bolagen as indicated by the corresponding representatives 

from Elways and ABT Bolagen respectively. Some participants committed mainly intangible 

resources such as the provision of the installation and maintenance services of the rail in the road 

by NCC as indicated by the representative respondent from NCC. Other participants provided a 

combination of tangible and intangible resources such as the provision of the goods to transport 

and fast-charging equipment and service by PostNord, the provision of the road and financial 

support by Trafikverket, and the engineering services and components for the electrification of the 

purchased truck by e-Traction as indicated by the representative respondents from the 

corresponding organizations respectively. 

RUAB represented the governing entity of the niche and provided the strategic management of the 

resources and the different entities involved as previously outlined by the respondents from ABT 

Bolagen, NCC, and Elways while also being the official entity in contact with Trafikverket as per 

the corresponding representative respondent. The guiding vision towards sustainable transport was 

inferred from both the nature of operations of a given participant along with the motivations for 

participation. As highlighted in Table 6, both Elways and e-Traction operate in the field of 

electrified mobility. Moreover, the respondents from ABT Bolagen, PostNord, and NCC 

highlighted that their respective perceived future outlook on sustainable transport is to include 

electricity as an alternative energy source. The different outlooks were also considered to be 

derived from the close ties of their respective operation areas to road transport from both user and 

provider aspects. Finally, eRoadArlanda provided the learning space that allowed for the balance 

between the top-down regulatory initiatives from Trafikverket motivated by the Swedish 

commitment to a fossil fuel-independent vehicle fleet by the year 2030 and the bottom-up 

experimental initiative to establish an in-road rail ERS solution from Elways (United Nations, 

2018; Elways, 2018b).  

The eRoadArlanda demonstration project provided an opportunity to attain an understanding of 

the system in terms of its dynamics and operations. The categorization of eRoadArlanda as a TIS 

allowed for the definition of the project as a system based on a certain technology. It also 

contributed to the ERS project system breakdown into five sub-systems. In turn, the examination 

of eRoadArlanda using the Weber (2003) framework gave rise to an understanding of the capacity 

of the demonstration project as a niche in managing the transformation within the road transport 

LTS. Hence, the niche enabled the TIS to operate according to its focus. The established system 

definition and breakdown contributed to the subsequent development and application of the 

assessment process and the evaluation of the business models which will be outlined in Chapters 

5 and 6 respectively. Therefore, eRoadArlanda served as the case study for the thesis by providing 

a unit of analysis and potential ERS participants to interview.   
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5. Assessment Process 

In this chapter, the assessment process utilized for achieving the purpose of the thesis is outlined. 

The chapter corresponds to the second research design step: Assessment Process Development 

and Application. The first section in the chapter, Section 5.1, outlines the development of the 

assessment process whereby theoretical concepts and empirical breakdowns were applied and 

adapted. The section further outlines the development from both the technical and the business 

model components of the assessment process. Section 5.2 outlines the application of the assessment 

process whereby the data collected is outlined according to the assessment process given its 

application for different participants of an ERS. The section focuses on the assessment process 

steps associated with the gathering and relaying of empirical information. 

5.1. Assessment Process Development 

Given the characterization of eRoadArlanda as a TIS and the breakdown and definition of the ERS 

project, an assessment process was developed with which the business model evaluation of the 

system and its participants can be conducted. The assessment process was adapted from the 

analysis scheme posited by Bergek et al. (2008). Although its use was outlined to be for the 

purposes of policy making, the process and function-based focus of the scheme rendered it a viable 

basis for adaptation for a business model context. The adapted version of the scheme is outlined 

in Figure 8. The assessment process steps were classified according to their focus areas where the 

first four steps focused on the technical system assessment while the subsequent two steps focused 

on the business model assessment. Moreover, the assessment process development and application 

steps linked to the preceding and subsequent research design steps. The link areas comprised of a 

connection of the first two assessment process steps with the preceding research design step – 

System Definition and Breakdown – while the last assessment process step was connected to the 

subsequent research design step, Business Model Evaluation. The nature of the connections will 

be outlined in this section in correspondence to the respective connection areas. 

 

Figure 8: Assessment Process (adapted from Bergek et al., 2008) 
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Technical System Assessment 

The first step of the assessment process, ‘Define the ERS’, corresponded to the first step of the 

Bergek et al. (2008) scheme. During this step, the ERS in question was defined based on its 

corresponding TIS definition. Thus, the ERS in question being eRoadArlanda was defined 

according to its focus on ensuring the viability of implementing the Elways in-road rail ERS 

technology on a wide scale. The second step of the assessment process, ‘Breakdown the ERS to 

components’, corresponded to the second scheme step. This assessment step involved the 

breakdown of an ERS into its constituent components. Accordingly, the breakdown yielded the 

following ERS components for the assessment of eRoadArlanda: ‘Road Operation’, ‘Power 

Transfer’, ‘Road’, ‘Energy’, and, ‘Vehicle’ (Sundelin et al., 2016). These components represented 

the sub-systems outlined by Sundelin et al. (2016) as the contributors to the operation of an ERS 

and by extension eRoadArlanda. Thus, the first two steps of the assessment process established a 

connection to the preceding research design steps by utilizing the findings identified in the 

aforementioned step. 

The third assessment step, ‘Map ERS component functional pattern’ mirrored the scheme’s third 

step. As highlighted by Jacobsson and Bergek (2011), the adoption of a function-based view of a 

TIS yields more nuanced insights of the system in question than a mere analysis of static 

components of the system. Thus, a breakdown of the system into components and assigning the 

individual functionalities of each component facilitated the overall function-based assessment of 

the system (Hekkert & Negro, 2009; Haavik, 2011). The eRoadArlanda project was considered to 

fulfil certain functions outlined by Hekkert and Negro (2009) particularly for the TIS development 

and diffusion aspects (cf. Section 4.2). The assessment process development subsequently focused 

on the functions attributed to the use aspect of a TIS. Hence, the overall function attributed to the 

system assessed and with which the assessment is to be based upon was the ability of the 

eRoadArlanda ERS to enable dynamic-charging-based mobility of vehicles using the Elways in-

road rail technology on a wide scale. 

When considering a conventional vehicle-based mobility system; functional system components 

such as the infrastructure consisting of roads and equipment, the vehicles, the system management 

consisting of traffic management and signage, and the services consisting of fuel provision and 

maintenance are all considered as relevant to the functionality of the mobility system (Leurent & 

Windisch, 2011). Given the defined overall functionality of an ERS, the constituent functional 

components of an ERS were thereby deemed to include some similar or analogous components to 

those of a conventional vehicle-mobility system. Along with the analogous overall functions of 

the systems which focus on mobility, the incorporation of ERS within the existing mobility 

infrastructure further accentuates the similarities among the functional components. For the 

purposes of assessing an ERS system functionality, the ERS sub-system components posited by 

Sundelin et al. (2016) comprised the individual component function dimension of the assessment. 

The five sub-systems were considered as constituent functional components that must be fulfilled 

for the overall ERS functionality to materialize. Thus, the functional components incorporated into 
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the ‘System Function’ dimension of the ‘Technical System Assessment Template’ (cf. Figure 9) 

utilized in the assessment process were ‘Road Operation’, ‘Power Transfer’, ‘Road’, ‘Energy’, and 

‘Vehicle’ with their respective definitions outlined in Table 5. 

The fourth step in the assessment process was ‘Identify system roles and ERS participants’. This 

step involved the redirection of the Bergek et al. (2008) scheme towards the business model 

perspective. The redirection further included the transition of actor identification from being part 

of the second step of the scheme to being a separate fourth step in the assessment process. The 

separation and repositioning of the actor identification and role assignment was motivated by the 

function-based view of the assessment which prioritized the identification of the functional 

components before the identification of the actors that perform them. Moreover, the repositioning 

facilitated the transition of assessment from the technical aspects to the BM aspects by linking the 

system functions and the eventual BMs identified through the classification of system roles which 

contribute to the BM adopted by an ERS participant. 

The roles to be adopted by an actor in a LTS may reflect the relative relations among the actors 

which can be outlined as consumers of the system’s service, producers of the system’s service, and 

commissioners of the system’s design and deployment by other actors (Leon, 2011). Thus, the 

ERS system roles can be considered as corresponding to demand-side actors such as road users, 

supply-side actors such as energy providers, and regulatory actors such as the transport authority 

(Sadeghian et al., 2012). Given the analogous nature of the functional components of an ERS and 

a conventional vehicle-based mobility system, a variety of actors can be expected to partly or fully 

fulfil the functionality of each ERS functional component (Leurent & Windisch, 2011). Therefore, 

the following roles were incorporated in the ‘System Role’ dimension of the ‘Technical System 

Assessment Template’: ‘Energy Provider’, ‘Electric Road Operator’, ‘Transport Operator’, and 

‘Technology Supplier’ (cf. Figure 9). The roles incorporated were derived from the nature of the 

business overview (cf. Table 6), involvement areas in eRoadArlanda (cf. Table 7), and the 

typology of actors in an electric mobility system posited by Sadeghian et al. (2012). 

With the ‘System Function’ and ‘System Role’ dimensions defined, and their respective 

constituent components and roles outlined, the ‘Technical System Assessment Template’ (TSAT) 

was created as a result. The dimensions of the template, as outlined in Figure 9, formed a matrix 

where participants in an ERS positioned themselves according to the system function in which 

their ERS involvement will take place and to the system role which they will assume for their 

expected fulfillment of the system function. The involvement area positioning was designated in 

the matrix with an ‘X’ as per the legend provided in Figure 9. Upon the positioning of an ERS 

participant within the TSAT, the fifth and sixth steps in the developed assessment process took 

place where the focus shifted towards the business model assessment. 
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ERS Participant: 

Participant X 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
          

Transport Operator 
          

      

    Legend 

   
 

Involved X 

   Not Involved  

 

  

  

 

Figure 9: Technical System Assessment Template (TSAT) 

Business Model Assessment 

As previously indicated, the fifth step of the assessment process – ‘Identify both current and ERS-

based business models for participants’ – involved the change of the assessment from a technical 

to a business perspective. The change in perspective required adopting BMs as an analytical tool 

in order to understand how an ERS participant is to perform within the new system (Osterwalder 

et al., 2005). With a similar focus on the function-based view employed in the development of the 

TSAT, the activity-based view of BMs by Zott and Amit (2010) was employed as the basis for the 

BM assessment approach. The activity-based approach allowed for assessing of an ERS 

participant’s BM with the activities to be performed in order to fulfil the function being the focal 

point of assessment. Given that focal point, elements outlined by Osterwalder and Pigneur (2010) 

as components of a business model were adopted as part of the BM assessment.  

The elements identified as the core of the BM assessment were considered to be the following 

BMC components: value proposition, revenue stream, and cost structure (Osterwalder & Pigneur, 

2010). These three components were deemed as the foundation with which an understanding of an 

ERS participant’s BM assessment was to be enabled through the understanding of the value 

proposition, value creation cost, and value capture revenue. Other BMC components provided 

further depth of understanding as was the case for the inclusion of key activities and key resources 

for the understanding of what is required from a participant to fulfil an ERS system function and 

the inclusion of key partnerships and customer segments for the understanding of the relations 

with other entities. An understanding of the current BM of an ERS participant was additionally 

established in a similar manner to the ERS-based BM understanding. Given a potential change in 

position and firm behavior resulting from the development and participation in an electromobility 

system (Attias, 2016a); the manner in which an ERS participant is to create, deliver, and capture 
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value or the value proposition in and of itself may be the subject of change in the participant’s 

attempt to create a BM for sustainability-focused ERS participation (Bocken et al., 2014).  

Hence, the BM assessment aspect of the assessment process involved the identification of an ERS 

participant’s current BM and the ERS-focused BM. The derivation and the subsequent assessment 

was founded on identifying the value proposition, value creation cost, and value capture revenue 

for each respective participant as the core elements of the BMs. The changes to the BMs that were 

based on a particular participant’s adopted system role and fulfilled system function in an ERS 

were indicated by demonstrating the increase and reduction sources (cf. Figure 10). This was 

further complemented by the understanding of BMC components relevant for the requirements of 

ERS function fulfillment and the relational connections with other entities. 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

Participant X 

Current 

Operations       

ERS 

Operations       
     

    Legend 

   
 + Increase Source 

   
 - Reduction Source 

    / No change 

   

   

Figure 10: ERS Participant’s Comparative Business Model Assessment (CBMA) 

The sixth and final step of the assessment process was ‘Evaluate ERS function-based and relational 

business models’. This step represented the aggregation of the collected participant ERS-based 

BMs according to system functions. This allowed for the analysis of the BMs associated with an 

ERS from the function-based perspective. In turn, the evaluation gave rise to an overall and 

connected view of BMs for an ERS thereby allowing for an evaluation accounting for the relational 

dynamics within the system. This step of the assessment process established a connection to the 

third research design step – Business Model Evaluation – in that it facilitated the transition into 

the evaluation of the data collected in the previous assessment process steps. Thus; this sixth step 

will be further explored in Chapter 6 while the next section, Section 5.2, will outline the results of 

applying the TSAT developed in the third and fourth steps of the assessment process and applying 

the CBMA for the participants developed in the fifth step of the assessment process. 

5.2. Assessment Process Application 

The application of the developed assessment process involved using the TSAT and the CBMA as 

the basis for collecting the necessary information in order to perform the BM evaluation. As such, 

this section will outline the results of the assessment process application with particular focus on 

the third, fourth, and fifth steps. The obtained results to be outlined represent the information 
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provided by representatives of eRoadArlanda project participants and a representative of an OEM 

– Volvo Group – that took part in other ERS projects. Thus, the results outlined in this section are 

a combination of information provided by the interview respondents regarding their respective 

affiliate firms (cf. Table 4), and complementary information obtained from company reports or 

project reports. 

ABT Bolagen 

The current value proposition for ABT Bolagen was identified to consist of undertaking the 

foundation work for civil projects and the transporting, recycling, and selling of the excavation 

extract. The creation and delivery of the value proposition involves the use of resources such as 

excavators and trucks in order to prepare the ground for foundation work through the digging of 

clay and demolition of rocks. This is followed by the transport of the extracted material which can 

then be recycled by ABT Bolagen into building material to be sold. The creation and delivery of 

the value proposition involved partnerships with subcontractors that provide the majority of the 

trucks and excavation equipment used by ABT Bolagen in its operations with a limited amount of 

capital investment in the ownership of its own trucks and excavation equipment. 

Thus, the cost associated with the value proposition can be deemed to involve the capital 

investment and operating costs of the excavation, transport, and recycling operations. The 

customers for the value proposition provided compose of construction companies and sites that 

solicit the services from ABT Bolagen and buy the recycled extract to be used in the construction 

of their respective projects. The revenue streams accrued are composed of the agreements for the 

foundation work services, the direct sale of the recycled extract, and the commission charged from 

the subcontractors. 

With regards to ERS participation, ABT Bolagen was positioned by the representative respondent 

as being involved with the ‘Vehicle’ system function in the role of a ‘Transport Operator’ (cf. 

Figure 11). The functional involvement was indicated to take form as a procurer and operator of 

electric trucks. Thus, the indicated positioning which can be viewed as a demand-side participation 

given the consequent use of the ERS and a supply-side participation given their capacity to allow 

other actors to rely on an ERS-based transport. 

ERS Participant: 

ABT Bolagen 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
          

Transport Operator 
      

X 
  

Figure 11: ABT Bolagen Technical System Assessment 
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The indicated positioning in an ERS gave rise to the derivation of the corresponding ERS-based 

BM (cf. Figure 12). The key activities to be performed by ABT Bolagen as part of its core business 

were deemed to remain the same as with its current operation. However, the indication to 

participate on the ‘Vehicle’ function through procurement and operation of electric trucks 

suggested an associated capital investment that represented a cost for ABT Bolagen. To potentially 

account for such an investment, an extension of the transport services performed as part of the 

operations was considered to be a viable option. Such an extension would be the provision of the 

electric truck for the transport of other goods for firms that may require the use of low-pollution 

and low-noise trucks for their own deliveries. Consequently, the delivery of such a value 

proposition would result in an additional revenue stream in the form of transport service fees. The 

addition of the value proposition to the BM was motivated by the need to capitalize on the 

investment to be made in the purchase of electric trucks on the short-term while waiting for the 

larger proliferation of the ERS and electric trucks which would allow the partner subcontractors 

to operate their own electric trucks to be utilized for the core business of ABT Bolagen. 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

ABT Bolagen 

Current 

Operations 

• Civil project 

foundation work 

• Transport, 

recycle, and resell 

of excavation 

extract 

• Capital 

investment and 

operating cost for: 

• Recycling 

operation 

• Transport and 

excavation 

operation 

• Direct sales of 

recycling products 

• Foundation work 

services 

• Commission from 

logistics 

subcontractors  

ERS 

Operations 

+ Transport of 

goods 

+ Capital 

investment in 

electrified trucks 

+ Transport service fee 

Figure 12: ABT Bolagen Comparative Business Model Assessment 

PostNord 

The value proposition currently offered by PostNord was considered to include the transport of 

goods and mail, the provision of personalized delivery options for the transported goods and mail, 

and the provision of online solutions to be utilized and integrated by e-commerce shops to facilitate 

the delivery of goods. The delivery of the value proposition involves the collection, transport, 

organization, and delivery of the goods and mail. Moreover, the value proposition involves the 

development and integration of the online solutions for e-commerce shops. The creation of the 

value proposition utilizes a multitude of transport modes including trucks, trains, and planes for 

the transport operations with the ownership of the transport vehicles being both owned and leased 

by PostNord. Moreover, the transport operations for mail require the availability of sorting 

terminals as part of the delivery process. The extent of operations is facilitated through partnerships 

with subcontractors that participate in the transport operations. 
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Consequently, the main cost sources associated with the creation and delivery of the value 

proposition compose of the capital investments and operating costs for the transport operations 

and the sorting terminals. The customers for PostNord comprise of both consumers and businesses 

with varying degrees of demand for the transport of mail and the transport of goods for each 

respective customer segment. Thus, the revenue stream is composed mainly of the direct sale of 

the transport services and its associated products. 

Similar to ABT Bolagen, PostNord was positioned by the representative respondent as 

participating in an ERS through the purchase and operation of electric trucks. Thus, it fulfils a dual 

participation for the ‘Vehicle’ function through its role of a ‘Transport Operator’ which entails 

both demand and supply sides for the ERS (cf. Figure 13). 

ERS Participant: 

PostNord 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
          

Transport Operator 
      

X 
  

Figure 13: PostNord Technical System Assessment 

Given the already-expansive range of transported goods by PostNord, the value proposition 

corresponding to ERS participation was not deemed to be an object of change. The costs of 

acquiring the electric trucks and the use of the electric road were indicated to be additional cost 

sources. However, it was indicated that the acquisition of electric trucks may take the form of full 

ownership through purchase or through the leasing of electric trucks from OEMs who may 

manufacture the trucks and offer such a leasing service. With the operation of electric trucks, it 

was indicated that revenues can increase due to customers being acquired through the appeal of 

the sustainable delivery method. Hence, the business model comparison for PostNord given its 

participation in an ERS was deemed to not deviate significantly from the current operations (cf. 

Figure 14).  

 

 

 

 

 



42 

 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

PostNord 

Current 

Operations 

• Transport of 

goods and mail 

• Personalized 

delivery 

services 

• E-commerce 

solutions 

• Capital investment 

and operating costs 

for: 

• Transport 

vehicles 

• Sorting 

terminals 

• Direct sale of 

products and services 

ERS 

Operations 
/ 

+ Electric road usage 

+ Acquisition and 

operation of electric 

trucks 

+ New customer 

acquisition 

 

Figure 14: PostNord Comparative Business Model Assessment 

Trafikverket 

The value proposition offered by Trafikverket was surmised to be the planning, provisioning, 

operating, and maintaining of the road and railway infrastructure in Sweden. As such, Trafikverket 

manages the operations of road and railway, plans and finances the modifications of the 

infrastructure, and commissions the services pertaining to the two aforementioned activities in the 

form of maintenance or research for example. The main resources utilized by Trafikverket to bring 

about the value proposition are its employees, the road and railway infrastructure themselves, and 

funds with which procurement activities are commissioned. As a major procurer of services on the 

Swedish market; maintenance service providers, external consultants, construction companies, and 

local governments are some of the partners with which Trafikverket collaborates to create and 

deliver its value proposition. Moreover, private operators also contribute to the delivery of the 

value proposition with regards to the operation of the railway. 

Therefore; the costs associated with the value proposition include internal operating costs, 

procurement of external services in all its forms, and infrastructure investments. As a governmental 

agency, the customers for Trafikverket can be considered to be society as the users of the 

infrastructure provided. However, the users are not considered to be the major contributors to the 

revenue streams despite their contribution through user fees. Moreover, the railway operators pay 

a fee for the operations they undertake using the railway infrastructure. The majority of the revenue 

is the allotted budget from the government; however, it is not reflective of the income generated 

by Trafikverket activities given the direct incorporation of the income into the overall 

governmental budget. 

In an ERS context, Trafikverket was positioned by its corresponding representative respondent 

within the fulfillment of the following system functions: ‘Road Operation’, ‘Power Transfer’, and 

‘Road’ (cf. Figure 15). The functional involvement was indicated to take form with Trafikverket 

assuming an ‘Electric Road Operator’ role. In that capacity; Trafikverket will be involved in the 

management and operation of the road usage (Road Operation), the control of energy transfer from 
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the road to the vehicles (Power Transfer), and the ownership and management of the conventional 

road components (Road).  

ERS Participant: 

Trafikverket 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
  

X X  X 

Technology Supplier 
          

Transport Operator 
          

Figure 15: Trafikverket Technical System Assessment 

The added functionality of an ERS into the road infrastructure represents the addition of a new 

value proposition by Trafikverket involving the planning, provisioning, monitoring, and operating 

of the ERS. The creation of such a value proposition is to involve collaboration with ERS 

technology providers and energy providers to enable the ERS functionality. Consequently, the 

costs for Trafikverket are expected to include the investment in the technology required and an 

increased maintenance cost associated with the growth of the road system. Additionally, the 

revenue streams may be expected to be modified as fees for the use of the ERS will be collected. 

Moreover, the potential of operating the ERS with a similar model to that of the railway model 

which includes private operators is expected to generate revenue through fees if such a model is 

to be implemented. However, there is to be an expected reduction of revenue that will result from 

the decreased revenue from petroleum taxes collected by the government as ERS proliferates and 

road mobility continues towards the fossil fuel-independent target which may reduce the 

government budget allotment. 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

Trafikverket 

Current 

Operations 

• Planning, 

provisioning, 

operating, and 

maintaining of road 

and railway 

infrastructure  

• Internal operating 

costs  

• Procurement of 

external services  

• Infrastructure 

investments 

• Government budget 

allotment 

• Private railway 

operator fees 

• Road user fees 

ERS 

Operations 

+ Planning, 

provisioning, 

monitoring, and 

operating of ERS 

+ Technology 

investments 

+ Increased 

maintenance 

+ ERS operator fees 

+ ERS user fees 

- Government 

allotment due to 

reduced petroleum 

tax  

Figure 16: Trafikverket Comparative Business Model Assessment 
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NCC 

The value proposition of NCC was indicated to be the construction and maintenance of road and 

railway infrastructure, construction and development of properties, and the production of stone 

and asphalt material. The delivery of the value proposition involves the undertaking of civil and 

ground work for construction and infrastructure projects, undertaking maintenance services, and 

the operation of the production facility. The creation of the value proposition utilizes a variety of 

equipment and machinery, labor, raw material, and transport trucks in order to provide the 

construction and maintenance services and construction products. Moreover, there is a reliance on 

partners in order to bring about the propositions in the form of hardware and electricity expertise 

from expert firms and equipment, machinery, and trucks from subcontractors.  

Hence; the costs associated with the value proposition are the capital investment and operating 

costs for the construction work, maintenance services, and construction material production. With 

a customer portfolio including both public and private entities, the revenue streams accrued take 

form mainly from the agreements for the construction and maintenance services and the direct sale 

of products. 

Within an ERS, it was indicated by the corresponding respondent that NCC may be involved with 

the ‘Road Operation’ and ‘Road’ functions in the role capacity of an ‘Electric Road Operator’ (cf. 

Figure 17). The participation in those functions was motivated by the compatibility to the core 

functions and current activities already performed. 

ERS Participant: 

NCC 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
  

X   X 

Technology Supplier 
          

Transport Operator 
          

Figure 17: NCC Technical System Assessment 

With gained experience from the participation in the eRoadArlanda project; it was indicated that 

NCC can offer an ERS value proposition that consists of the production, installation, and 

maintenance of the electric rail if an in-road rail system is to be utilized. This appeals to the 

utilization of preexisting resources and expertise in the construction and maintenance of roads, 

manufacturing capability from the production operations, and installation expertise from 

eRoadArlanda participation. Moreover, it was indicated that NCC may also take on a private road 

operator role if such an opportunity is afforded to private operators for an ERS in a similar manner 

to the opportunity afforded in the railway sector. The value proposition is also perceived to be a 

viable option for both public or private ERS operators with regards to implementation on public 
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roads or within small operational areas such as a logistics center as per the respondent representing 

NCC. The delivery of such value propositions does rely on having a partner for the ERS 

technology. The anticipated cost associated with the value proposition is mainly related to the cost 

of road electricity for the road operation case given the availability of the capabilities required for 

the production, installation, and maintenance of the electric rail. Consequently, the revenue 

streams expected is the fee to be charged in the case of being an ‘Electric Road Operator’ and the 

agreements for the construction and service of the ERS. 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

NCC 

Current 

Operations 

• Road and railway 

infrastructure 

construction and 

maintenance 

• Stone material 

and asphalt 

production 

• Property 

construction and 

development 

• Capital investments 

and operating costs 

for: 

• Construction 

work 

• Maintenance 

services 

• Construction 

material 

production 

• Direct sale of 

products 

• Construction and 

maintenance service 

agreements 

ERS 

Operations 

+ Production, 

installation, and 

maintenance of 

electric rail 

+ Electric road 

operation 

+ Road electricity + Electric road usage 

fee 

+ Construction and 

maintenance services 

for electric roads 

Figure 18: NCC Comparative Business Model Assessment 

Vattenfall 

The value proposition offered by Vattenfall was identified as the generation, distribution, and 

provision of electric energy and heat along with the installation and service of power function 

equipment for industrial actors. Consequently, Vattenfall operates along the energy provisioning 

value chain and performs activities that span from the generation to the delivery of electricity 

which includes sale of electricity. As such, the resources utilized for the creation of the value 

proposition include the energy generation facilities, the distribution grid network, and employees 

among others (Vattenfall, 2017). 

Thus, the costs incurred by Vattenfall associated with the value proposition can be deemed to 

comprise of the capital investment and operating costs for the following: power generation, 

production, distribution, and delivery along with research and development (R&D) within the 

organization (Vattenfall, 2017). The customers for the value proposition may include the sale of 

electricity on the Nordic electricity market as per the representative respondent. The customers 

can also range from individual consumers to large businesses to whom the value proposition is 

offered directly (Vattenfall, 2017). Followingly, the generated revenue can be accrued from 
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different sources. It may be attained from the sale of energy and the agreements for the engineering 

services provided to the industrial actors (Vattenfall, 2017). 

Within an ERS; the representative respondent identified the system functions of ‘Energy’, ‘Road 

Operation’, and ‘Road’ as pertinent functions to be involved in a system role capacity of ‘Energy 

Provider’ (cf. Figure 19). The positioning was motivated by the capability of Vattenfall to 

contribute to those functional areas as a supply-side actor with energy-related core competencies.  

ERS Participant: 

Vattenfall 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider X X   X 

Electric Road Operator 
          

Technology Supplier 
          

Transport Operator 
          

Figure 19: Vattenfall Technical System Assessment 

For the indicated functions, there is no perceived change to the value propositions to be offered by 

Vattenfall. Akin to its current proposition, the energy to be provided is to be used within a different 

context by the customer with no significant change in the activities already performed by 

Vattenfall. The involvement will entail supplying the energy to the ERS and the auxiliary areas for 

the road while also managing the energy consumption for the road operation. The customer for the 

energy supply for an ERS was indicated to be the ‘Electric Road Operator’ given the perceived 

difficulty of charging individual vehicles for their respective energy consumption. The resources 

required for the supply of energy for an ERS are mostly in place as indicated by the respondent 

from Vattenfall given the existing electricity distribution grid availability (European Commission, 

2015). Therefore, the costs associated with the creation and delivery of energy to an ERS were 

deemed to include capital investment and operating costs for additional substations and power 

lines that will accommodate the ERS energy consumption (Olsson, 2014). The revenue streams 

were considered to be consisting of subscription agreements to be made with the ‘Electric Road 

Operators’ for the energy consumed. 
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Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

Vattenfall 

Current 

Operations 

• Generation, 

distribution, and 

provision of 

electrical energy 

and heat 

• Installation and 

servicing of 

power function 

equipment for 

industrial actors 

• Capital investment 

and operating cost 

for: 

• Electricity 

delivery to 

end-users 

• Power 

generation 

• Power 

distribution 

• R&D 

• Sale of energy 

• Engineering services 

ERS 

Operations 
/ 

+ Capital investment 

and operating cost 

of new substations 

and power line 

infrastructure 

+ Subscription 

agreements 

Figure 20: Vattenfall Comparative Business Model Assessment 

Elways 

Elways provides a value proposition that involves the provision and development of a safe and 

efficient in-road rail dynamic charging technology to be used for road transport. The provision of 

the proposition relies on the development and programming activities that bring about the 

technology to be put into use. However, the enablement of applying the technology was facilitated 

through the choice of its technology to be implemented in a demonstration project and the 

partnerships developed with other eRoadArlanda participants. Given the participation in 

eRoadArlanda and prior to the participation, the costs associated with the value proposition include 

the capital investment and operating costs for the production of the physical ERS components, the 

component control programming, and R&D on the technology. The revenue streams are similarly 

tied to the eRoadArlanda participation and are mainly comprised of the allotted project budget 

from Trafikverket. 

As the developer of an ERS technology, the representative respondent indicated that Elways is to 

be involved in an ERS that relies on their technology through participation in the ‘Power Transfer’ 

and ‘Vehicle’ system functions in the role of a ‘Technology Supplier’ (cf. Figure 21). The 

participation within these functions pertains to the development and knowledge of the technology 

to be used in an ERS with the capacity for Elways to provide the solution that enables the transfer 

of energy from the road infrastructure to the moving vehicle. The aim for the technology is to 

provide a viable and safe technology for use by both trucks and smaller vehicles as indicated by 

the representative respondent. This wide-encompassing vehicle compatibility provides support for 

the implementation of the ERS (European Commission, 2015). 
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ERS Participant: 

Elways 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
    

X X 
  

Transport Operator 
          

Figure 21: Elways Technical System Assessment 

With the positioning in an ERS outlined, it was indicated that the value proposition for Elways is 

expected to remain the same upon wide scale implementation. Elways would continue its 

developmental efforts for further improving the technology while not having an active 

participation in the production and operation of the ERS. Therefore, the costs incurred by Elways 

are to exclude the component production costs. The expected customer for the value proposition 

comprises of potential ‘Electric Road Operators’ with varying implementation scales from small 

private implementations to large wide-scale implementation on public roads within Sweden and 

abroad. Thus, the expected revenue from the offered value proposition is to take form in licensing 

agreements for the use of the proprietary ERS technology developed. 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

Elways 

Current 

Operations 

• Provision of safe, 

controlled, and 

efficient dynamic 

in-road rail 

electric charging 

technology 

• Capital investment 

and operating costs 

for: 

• Physical 

component 

production 

• Component 

control 

programming 

• R&D 

• Allotted budget from 

Trafikverket 

ERS 

Operations 
/ 

- Physical 

component 

production 

+ Licensing 

agreements 

Figure 22: Elways Comparative Business Model Assessment 

e-Traction 

The value proposition currently offered by e-Traction composes of the provision of products and 

solutions of vehicle electrification components. The offering is created through the design and 

development of direct in-wheel drive electric powertrains, component production, vehicle 

conversion, and engineering application services. The provision of the offering relies on 

partnerships with a German license partner and a Chinese firm that recently acquired the company. 
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Along with the resources provided by the partners; e-Traction relies on internal R&D, production, 

and engineering capabilities to create and deliver its offerings. 

Thus; the costs associated with the offerings can be identified as capital and operating costs for 

production, logistics and distribution, R&D, and engineering services. The customers for the 

offerings are vehicle OEMs and private vehicle owners seeking vehicle electrification. 

Consequently; the revenue streams for e-Traction comprise of direct sales of products and 

solutions, licensing agreements, and the provision of engineering services for vehicle conversion. 

In an ERS context, e-Traction was positioned by its corresponding respondent to be involved with 

the ‘Vehicle’ system function in the role of a ‘Technology Supplier’ (cf. Figure 23). Such a 

positioning aligns with the current focus and operational areas for e-Traction which center around 

the electrification of vehicles. 

ERS Participant: 

e-Traction 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
      

X 
  

Transport Operator 
          

Figure 23: e-Traction Technical System Assessment 

For ERS-based operations, the value proposition is deemed to remain the same with the activities 

expanding to encompass the conversion of trucks to become compatible with an ERS. Although 

the majority of the activities and customers are expected to remain the same, there is an expected 

change in costs that results from the need for developing and standardizing the conversion process 

and components. The revenue streams are expected to remain similar to the current revenue 

streams as e-Traction is currently operating and offering its products and solutions within the 

electromobility sector. 
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Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

e-Traction 

Current 

Operations 

• Vehicle 

electrification 

components 

products and 

solutions 

• Capital investments 

and operating costs 

for: 

• Production 

• Logistics and 

distribution 

• R&D 

• Engineering 

services 

• Direct sales 

• Licensing 

agreements 

• Engineering services 

ERS 

Operations 
/ 

+ Development and 

standardization of 

conversion process 

and components 

/ 

Figure 24: e-Traction Comparative Business Model Assessment 

Volvo Group 

Volvo Group offers a value proposition consisting of the provision of trucks, busses and 

construction equipment. The offerings also include aftermarket sale of spare parts and maintenance 

services along with leasing and fleet management services. The offerings are brought about 

through the undertaking of the design, manufacturing, and sale activities of the products. The 

creation and delivery of the offerings is contingent on the performance of the supply chain with 

which partners such as component suppliers are an important part.  

Hence, the costs involved with the value proposition consist of the capital investment and operating 

cost for product development, component purchasing, production and logistics, and retail and 

services (Volvo Group, 2017). The customers for the products offered and particularly the trucks 

were deemed to be mostly consisting of two types of customers: smaller vehicle operators with up 

to three vehicles or larger truck fleet owners with more than a hundred trucks as per the 

representative respondent. As such, the revenue streams consist of direct product sales, aftermarket 

sales, and service agreements. 

As indicated by the Volvo Group respondent, the positioning of the organization in an ERS is to 

be involved with the ‘Vehicle’ system function in potentially two roles: ‘Technology Supplier’ 

and ‘Transport Operator’ (cf. Figure 25). Despite not being involved in an ERS demonstration 

project operated on an active road, the positioning was motivated by the compatibility of the 

current operations as a vehicle OEM with contributing to the fulfillment of the function as a vehicle 

manufacturer and a potential adoption of a new role of ‘Transport Operator’. 
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ERS Participant: 

Volvo Group 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
      

X 
  

Transport Operator 
      

X 
  

Figure 25: Volvo Group Technical System Assessment 

Given the indicated positioning in an ERS, the value proposition to be offered by Volvo Group 

was deemed to include the provision of electric trucks and potentially the provision of transport as 

a service (TaaS). The provision of electric trucks was motivated as a means to adapt to the shift 

away from diesel. The provision of TaaS was suggested as a potential offering given the 

comparative predictability of electricity prices as opposed to fossil fuels which may prove 

advantageous for such a service. However, R8 highlighted that the provision of TaaS is not only 

dependent on ERS but also on the development of autonomous vehicles and driving. Moreover, 

the development of both road mobility technologies is not to be considered as mutually exclusive. 

In order to provide the ERS-based value proposition, there is an expected cost to be incurred 

associated with the development of the electric trucks and the conversion of diesel trucks to be 

operational with an electric powertrain. On the revenue side, the sale of trucks and offering of 

leasing services and TaaS are expected to represent a source of income. However, there is an 

expectation of a decline of revenue from the aftermarket sales given the reduced maintenance 

required and reduced need for replacement parts associated with electrical engines. 

  
Business Model 

Participant Operations Value Proposition Value Creation Cost Value Capture Revenue 

Volvo Group 

Current 

Operations 

• Provision of 

trucks, busses, 

and construction 

equipment 

• Aftermarket 

spare part 

provision 

• Leasing and fleet 

management 

services  

• Capital investment 

and operating costs 

for: 

• Product 

development 

• Component 

purchasing 

• Production and 

logistics 

• Retail and 

services 

• Direct product sales 

• Aftermarket sales 

• Service agreements 

ERS 

Operations 

+ Electric trucks 

+ Transport as a 

service 

+ Development of 

electric trucks 

+ Conversion of 

diesel truck 

powertrains 

+ Sale of electric 

trucks 

+ Leasing of electric 

trucks 

+ Transport service  

- Aftermarket sales 

Figure 26: Volvo Group Comparative Business Model Assessment 
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The application of the third through fifth steps of the assessment process resulted in the generation 

of information from different potential participants in an ERS. The information represented the 

respective potential business models to be adopted based on the positioning within the TSAT. In 

turn, the gathered information was used in the sixth and final step of the assessment process. The 

final step involved the aggregation of the information gathered in order to perform a more holistic 

function-based and relational business model evaluation for ERS participation which is outlined 

in the following chapter. 
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6. Business Model Evaluation 

In this chapter, the business model evaluation associated with the sixth and final step of the 

assessment process is outlined. Moreover, the chapter corresponds to the final research design 

step with the same name. As such, the function-based evaluation of ERS business models was 

conducted in the first section of this chapter. Subsequently, a holistic approach to the ERS was 

adopted to establish relational business modelling for ERS participants. The chapter focuses on 

the assessment process step associated with analyzing and discussing the empirical information 

gathered and relayed in the previous chapter. 

6.1. Function-Based Business Model Evaluation 

The function-based assessment of the technical system was complemented with an activity-based 

approach to business models. The activity-based approach outlined the commitment of resources 

by a focal firm and other interdependent actors toward achieving an objective as part of the 

fulfillment of an overall objective (Zott & Amit, 2010). As the development of an ERS aligns with 

a technology development, a more expansive outlook of stakeholders in the system was taken 

(Johnson & Suskewicz, 2009; Sommer, 2012). Thus, an aggregation of the ERS function-based 

positioning of the different organizations (cf. Section 5.2) was conducted. In order to provide an 

overview of the participant system role compositions for the system functions, the aggregation 

combined the organizations that are to contribute to the provision of a system function as part of 

the fulfillment of the overall ERS functionality. The aggregation is outlined in Figure 27 where 

the organizations are listed in a matrix according to their corresponding system functions and roles. 

 System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider Vattenfall Vattenfall   Vattenfall 

Electric Road Operator  Trafikverket 

NCC 
Trafikverket  Trafikverket 

NCC 

Technology Supplier   Elways 

Elways 

e-Traction 

Volvo Group 

 

Transport Operator    
ABT Bolagen 

PostNord 

Volvo Group 

 

Figure 27: Aggregated ERS Participant Positioning 

Having aggregated the participants according to the system functions, the collected BM 

information pertaining to each of the participants and their potential system function involvement 

choices was restructured. The restructuring involved identifying the value proposition, value 

creation cost, and value capture revenue of the system functions (cf. Table 8) according to the 

corresponding information provided by the participants (cf. Section 5.2). 
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Table 8: ERS Function-based Business Model Evaluation 

 Business Model 

System 

Function 
Value Proposition Value Creation Cost 

Value Capture 

Revenue 

Energy 

• Generation, distribution, 

and provision of electrical 

energy  

• Capital investments and operating 

costs for: 

• Power generation 

• Power distribution 

• R&D 

• New substations and power 

line infrastructure 

• Subscription 

agreements 

Road 

Operation 

• Planning, provisioning, and 

monitoring, of ERS 

• Production, installation, 

and maintenance of 

electricity delivery 

components 

• ERS operation 

• Managing and balancing 

system energy 

• Internal operating cost  

• Procurement of external services  

• Infrastructure investment 

• Technology investment 

• Increased maintenance 

• Road electricity 

• Government 

budget allotment 

• ERS operator fees 

• ERS user fees 

• ERS construction 

and maintenance 

services fees 

Power 

Transfer 

• Monitoring and operating 

of ERS 

• Provision of safe, 

controlled, and efficient 

dynamic electric charging 

technology 

• Capital investments and operating 

costs for: 

• Physical component 

production 

• Component control 

programming 

• R&D 

• Energy handover monitoring 

• Technology 

licensing 

agreements 

• Sale of products 

and services 

Vehicle 

• Transport as a service 

• Recycling and reselling of 

reusable material waste 

transported 

• Personalized delivery 

services 

• Vehicle electrification 

components products and 

services 

• Provision of electric trucks 

• Aftermarket spare part 

provision 

• Leasing and fleet 

management services 

• Capital investments and operating 

costs for: 

• Recycling operation 

• Transport operation 

• Electrified trucks 

• Delivery services 

• Electric road usage 

• Vehicle production 

• Logistics and distribution 

• R&D 

• Services 

• Development and 

standardization of conversion 

process and components 

• Direct sale of 

recycling products 

• Direct sale of 

products and 

services 

• New customer 

acquisition 

• Licensing 

agreements 

• Engineering 

services 

• Aftermarket sales 

• Sale of electric 

trucks 

• Leasing of electric 

trucks 

• Transport service 

fee 

Road 

• Planning, provisioning, 

operating, and maintaining 

of road infrastructure 

• Energy provision to 

auxiliary road functions 

• Procurement of external services  

• Infrastructure investment 

• Increased maintenance 

• Road construction 

and maintenance 

service fees 

• Sale of energy 
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Zott and Amit (2010) posited design element parameters (content, structure, and governance) and 

design theme parameters (novelty, lock-in, complementarities, and efficiency) as considerations 

for activity systems. Moreover, Teece (1986) categorized assets relative to innovations to be 

generic, specialized, or cospecialized depending on the degree of dependence between the 

innovation and the asset. Therefore, the evaluation of function-based BMs for ERS incorporated 

those parameters and the categorization of assets for a more nuanced understanding of the BMs as 

dynamic and not static concepts. Moreover, the BMs for sustainability archetypes posited by 

Bocken et al. (2014) were incorporated in the evaluation to allow for a comparison and grounding 

of the function-based BMs. 

Energy Function 

The evaluation of the value proposition to be offered for the ‘Energy’ system function yielded a 

focus on the generation, distribution, and provision of the electricity required for the ERS to be 

operational. Consequently, the value creation cost was identified to represent the capital and 

operating costs of the different energy value chain areas and the costs of additional investment into 

the existing infrastructure to account for the addition of the ERS to the electric grid. The value 

capture revenue is expected to be the subscription agreements between the energy provider and 

the road operator for the electricity consumption of the ERS. The ‘Energy’ function BM can be 

considered to have similarities with the ‘Substitute with renewable and natural processes’ 

archetype outlined by Bocken et al. (2014). The similarities of the value propositions manifest in 

the provision of electricity as a fuel source for road transport as opposed to fossil fuels which is a 

substitution towards a more renewable source. For the substitution to be considered as a more 

environmental alternative, the electricity generated should originate from fossil fuel-independent 

sources as attested by the respondents representing PostNord, Trafikverket, and NCC. Therefore, 

the participants in the ‘Energy’ function should have business models that involve having a fossil 

fuel-independent generating value creation network which results in the new revenue stream from 

the energy sale to ERS operators. 

The ‘Energy’ function BM was evaluated against the activity system design parameters outlined 

by Zott and Amit (2010). When examining the design element parameters, the content of the 

function manifested in the various value chain areas involved in providing electricity to an ERS. 

The structure and governance elements were deemed to be the supply of electricity from energy 

providers through the electricity value chain to the ERS operator. As such, the design theme 

parameters of novelty and complementarities were deemed as relevant for the function’s activity 

system. The novelty in the activity system was considered to be in the structure of the function 

where electricity is to be linked as an energy source for road transport within an ERS context. The 

novelty is particularly highlighted in the increased proximity of the electric energy provider to the 

functioning of the vehicle. The complementarities theme parameter was considered to be in the 

combination of enabling electric mobility with a more prominent contribution along with the 

normal provision of energy thus increasing the value of electricity to also encompass the 

enablement of road transport. The function-based BM is considered to be enabled through the 
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addition of generic resources as the provision of electricity to an ERS does not entail any 

significant modifications to the required resources for the provision of electricity for other 

purposes (Teece, 1986).  

Road Operation Function 

The identified value proposition for the ‘Road Operation’ function indicated its composition to 

include propositions focusing on oversight over the system and propositions focusing on 

operational aspects such as the provision, operation, and maintenance of the ERS. The varied focus 

areas of the propositions indicated a similarly varied value creation cost which included technology 

and infrastructure investments, service procurement, and electricity consumption costs. The value 

capture revenue generated included different revenue streams that are dependent on the entity 

involved and included government budget allotments, ERS operator and user fees, and ERS service 

fees. When compared against the BM archetypes, the ‘Road Operation’ function-based BM was 

identified to have similarities to all the archetypes except for the ‘Create value from waste’ and 

‘Encourage sufficiency’ archetypes (cf. Table 1). The provision of offerings that result in the 

generation of less emissions within road transport than through the reliance on fossil fuels rendered 

it similar to the ‘Maximize material and energy efficiency’ and ‘Substitute with renewable and 

natural processes’ archetypes. Moreover, the delivery of and oversight over the ERS functionality 

provided within road transport indicated similarities to the ‘Deliver functionality rather than 

ownership’ and ‘Adopt a stewardship role’ archetypes with regards to the provision and 

management of an ERS to enable electric mobility of trucks in particular. Additionally, the 

‘Repurpose for society/environment’ and ‘Develop scale up solutions’ archetypes manifested in 

the indicated potential for realignment of the road transport system towards an energy source with 

lower emissions that can be implemented on a large scale to reduce the emissions from truck 

transport. Followingly, the value creation and value capture of the ‘Road Operation’ business 

model were deemed to be aligned towards the support of providing an ERS and the ensuring of 

revenue generation from its implementation. Hence, the ‘Road Operation’ function-based business 

model was identified to entail significant alignment to sustainable business models that must be 

adhered to the potential ERS participant operating within the function. 

When evaluated against the activity system design element parameters, the content for the ‘Road 

Operation’ function was deemed to be the oversight and operational activities involved with the 

function. The structure and governance of the activity system were deemed to involve entities that 

are to deliver the functionality and implementation of an ERS either through public ownership and 

operation of the ERS or through the provision of an opportunity for private entities to be involved 

in the operation of the ERS. Moreover; the operation is to involve the purchase of electricity from 

energy providers, the charging of fees whether they be for the right to operate or to use the ERS, 

and the procurement of services such as ERS construction and maintenance. The activity system 

design theme parameters deemed relevant were identified to be the novelty of the content, 

structure, and governance involved with operating an ERS compared to a conventional road. 

Furthermore, lock-in and complementarities themes were identified in the potential to have the 
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ERS as the main functionality for truck-based sustainable transport and the increase of value of 

road operation to include the ERS functionality. The classification of the assets required for the 

added ERS functionality includes a combination of specialized assets such as adjusting production 

capabilities to produce the particular electricity delivery components and co-specialized assets 

such as maintenance service capabilities specifically designed for and required by the ERS.  

Power Transfer Function 

The value proposition identified for the ‘Power Transfer’ function indicated a combination of 

product and service offerings that enable the provision of dynamic charging ERS functionality to 

be utilized. As such, the creation cost for the value proposition included capital investments and 

operating costs for the provision of the power transfer physical components, component control 

programming, R&D, and energy handover monitoring. The value capture revenue associated with 

the ‘Power Transfer’ function includes the sale of products and services and the ERS power 

transfer technology licensing agreement fees. The function-based BM was identified to have 

similarities to some of the archetypes posited by Bocken et al. (2014). Akin to the ‘Road Operation’ 

function, the ‘Power Transfer’ function’s BM was deemed to be similar to the ‘Maximize material 

and energy efficiency’, ‘Substitute with renewable and natural processes’, ‘Deliver functionality 

rather than ownership’, and ‘Adopt a stewardship role’ archetypes given its focus on enabling ERS 

functionality through the provision of technology and of oversight activities. Moreover, the 

provision of technology licensing rendered the ‘Develop scale up solutions’ archetype as another 

BM to be similar given the utilization of licensing as a means to increase the scale of 

implementation of the ERS. Thus, the function-based business model was identified to have 

characteristics indicating its sustainability as a business model that must be abided by to ensure 

the enablement of the function by the participants operating within the function. 

The evaluation of the ‘Power Transfer’ activity system against the design parameters outlined by 

Zott and Amit (2010) yielded the establishing of the content, structure, and governance elements 

and the identification of novelty, lock-in, and complementarities themes. The content involved the 

activities required to ensure the transfer of power from an ERS to the vehicle. The structure and 

governance were deemed to involve oversight over the power transfer by ERS operators and the 

provision of the technology by technology suppliers. The design themes identified included the 

novelty of the content and structure given their ERS context to enable electric truck operation. The 

lock-in and complementarities themes were identified to be similar in nature to their counterparts 

identified for the ‘Road Operation’ function. The classification of the assets according to Teece 

(1986) for the ‘Power Transfer’ function can be considered to be mainly co-specialized assets 

given the mutual reliance of the ERS functionality and the provision of the ‘Power Transfer’ 

components and activities on one another. 
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Vehicle Function 

The value proposition associated with the ‘Vehicle’ function was identified to include the 

provision of electric trucks and electrification components, the provision of electrification services, 

and the provision of transport services. Accordingly, the value creation cost for the function was 

considered to be associated with the capital investments and operating costs for the truck 

manufacturing value chain areas, truck electrification, and transport service provision. The value 

captured for the ‘Vehicle’ function was surmised to include the sale of products, technology 

licensing agreement fees, and service provision fees. As with the previous three functions, parallels 

were drawn between the BM of the ‘Vehicle’ function and some of the BM for sustainability 

archetypes in order to identify the extent of sustainability of the function-based business model 

(Bocken et al., 2014). The offering of the electric trucks and transport services utilizing these trucks 

was identified to resemble the ‘Maximize material and energy efficiency’ archetype’s value 

proposition given the comparative reduction of resource consumption and emission generation for 

the electric-based alternative as opposed to fossil fuel-consuming trucks and transport. Moreover, 

the ‘Create value from waste’ and ‘Deliver functionality rather than ownership’ were found to be 

resembled by the ‘Vehicle’ function-based BM. The resemblance was observed with the identified 

value proposition involving the transport of reusable material in order to be recycled and resold by 

the transport service provider and the value proposition involving the offering of electric truck-

reliant transport services as an alternative to full ownership of electric trucks respectively. 

Moreover, the transport service provision further lowers some of the barriers to the use of electric 

trucks such as the high acquisition cost as indicated by the PostNord representative respondent 

which is alleviated through the potential to lease electric trucks. Thus, the perceivably high 

acquisition cost of the vehicles requires the availability of a large enough system that would result 

in energy savings on the cost side through own or shared use of the vehicle and of the provision of 

vehicle ownership advantages such as tax advantages and a lowered usage cost (Leurent & 

Windisch, 2011). The importance of the availability of such requirements was highlighted by the 

respondents representing PostNord and Elways with regards to the tax advantages and by the 

respondents representing Vattenfall and e-Traction with regards to the implementation scale. 

When evaluated as an activity system, the ‘Vehicle’ function design element and theme parameters 

were outlined (Zott & Amit, 2010). The content of the activity system was identified as the 

activities spanning the value chain of electric trucks from their design to their use. The structure 

and governance involved were identified to be the electrification of trucks through the provision 

of components and services by different technology suppliers, OEMs, and transport operators in 

order to enable electric truck utilization. The design theme of complementarities was identified to 

be applicable to the ‘Vehicle’ function. The complementarities were identified to result from the 

potential of providing a bundled product and service in the form of transport services that increases 

the value of both individual component of the bundle for a potential customer of either of the 

bundle components. The asset classification for the ‘Vehicle’ function was deemed to include all 

three types of assets outlined by Teece (1986). In terms of the generic assets, the production of the 
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truck shall involve the same or slightly modified components as those in the diesel-powered trucks 

for example. Specialized assets may be related to the provision of electrification components by a 

technology provider with preexisting capabilities in the production of those components for OEMs 

that require the special components. Co-specialized assets can be considered to the integration and 

standardization of different technologies to have alignment between the truck and the ERS as 

highlighted by the e-Traction and Volvo Group representative respondents. 

Road Function 

The ‘Road’ function was identified to include the value propositions relating to the planning, 

provisioning, operating, and maintaining of the road infrastructure and the provision of energy to 

auxiliary road functions. As such, the value creation cost associated with the value proposition 

involved the procurement of external services, investment in infrastructure, and increased 

maintenance cost. The value capture revenue was deemed to be generated from the provision of 

the construction and maintenance service fees and the sale of energy. The function-based BM was 

not deemed to have resemblance to the archetypes outlined by Bocken et al. (2014) given the 

similarity of the ‘Road’ function BM in the ERS context to that in the conventional road context. 

The design element and theme parameters were identified for the ‘Road’ function as an activity 

system (Zott & Amit, 2010). The content of the activity system was considered to involve the 

activities associated with the provision and operation of the road and its auxiliary functions. Thus, 

the structure and governance of the activity system were deemed to involve the procurement of 

electricity and construction and maintenance services by the road owner. The efficiency and 

complementarities themes were deemed to be relevant for the ‘Road’ function given the potential 

for the road owner to commission the construction and maintenance services to an entity that is 

also capable of operating the electric road. In turn, the entity will be able to design its 

organization’s activities efficiently in order to maintain and operate a road with an ERS 

functionality. Moreover, the energy provider for an ERS may be involved in the provision of the 

energy required for the auxiliary functions and may plan for the inclusion of performing the 

activity accordingly. Thus, the efficiency theme can be attained by the entities through establishing 

and capitalizing on organizational synergies in their fulfillment of the activities required by the 

function and other value propositions provided. The asset classification associated with the ‘Road’ 

function was considered to be mainly consistent of generic assets (Teece, 1986). The classification 

was based on the preexisting capabilities and availability to provide the value proposition.  

6.2. ERS Participant Relational Business Modelling 

The configuration of the ERS is expected to shape the organization of the actors in the system 

based on its setup (Sadeghian et al., 2012). Furthermore, the interdependencies among the 

activities in the system represented an important facet of the outlined function-based and activity-

based assessment of the ERS. Therefore, the relative positioning of participants according to the 

system roles and system functions provided insight into a relational business modelling setup that 
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may take hold in an ERS. Moreover, the representative respondents from PostNord and Volvo 

Group highlighted the potential for the emergence of newcomers to provide offerings for an ERS 

which can contribute to the shaping of the BMs (Attias, 2016b). Therefore, the understanding of 

the relational BMs provides both ERS incumbents and newcomers the ability to potentially 

configure themselves as a collective that enables the functioning of the ERS. 

To establish the relational understanding, the interactions associated with an ERS were analyzed 

from different perspectives. One perspective of analysis involved examining interactions that are 

to occur among the participants within each function of the ERS given the previously highlighted 

compositions of the governance and structure design parameter and of the system roles within each 

ERS system function (cf. Section 6.1). The second perspective of analysis involved the interactions 

to take place among the different system functions in an ERS to establish an understanding of the 

directionality of the value propositions offered within an ERS. For the value propositions offered 

by ERS participants to materialize, there needs to be a consideration of the interactions with actors 

that contribute to the creation of the value but lie beyond the boundaries of the ERS (Beattie & 

Smith, 2013). Thus, the third perspective of analysis involved such interactions that are to take 

place based on the function-based BM evaluation. The analysis focused on the interactions that 

crossed the ERS boundaries in both directions. The resulting relational business modelling 

overview is outlined in Figure 28. 

 

Figure 28: ERS Participant Relational Business Modelling 

When examining the relational business models, it was identified that the fulfillment of a system 

function shall involve a number of different actors within the system function cluster. 

Alternatively, the fulfillment of a function may rely on an internal interaction dynamic among the 
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participants. For the ‘Energy’ function, an interaction between the energy generator and the energy 

provider was identified. Such an interaction was highlighted by the respondents from Vattenfall 

and the Advisory Firm indicating that the energy generator and energy provider that owns the 

energy grid may not be the same entity. For the ‘Road Operation’, ‘Road’, and ‘Power Transfer’ 

functions; an interaction is expected to occur with the electric road operator procuring energy from 

the energy provider in the case of the former two functions and procuring the technology for the 

ERS from the technology supplier in the case of the latter function. Procurement from technology 

suppliers is also an interaction that was indicated to take place within the ‘Vehicle’ function as 

transport operators are to acquire electric trucks from the technology supplier if they are separate 

entities. In the case that an OEM takes on a transport operator role as well as the usual truck 

technology supply role, there may still be an interaction with other technology suppliers for the 

provision of electrification components or services. 

The analysis on the second perspective level provided an indication of the directionality of the 

interactions among the system function in an ERS. The ‘Road Operation’ function was identified 

to rely on the ‘Energy’, ‘Power Transfer’, and the ‘Road’ functions as precursor inputs for its own 

functionality. The value propositions involving the provision of energy, of the dynamic charging 

technology, and of the conventional road infrastructure respectively are to enable the fulfillment 

of the ‘Road Operation’ functionality. Similarly, the ‘Vehicle’ function was identified to entail the 

‘Road Operation’ and ‘Power Transfer’ as incoming interactions to enable the fulfillment of the 

function. The interactions involve the provision of the ERS functionality in the road transport 

infrastructure through the ‘Road Operation’ function and the provision of the technology required 

for the vehicles to dynamically charge on the ERS through the ‘Power Transfer’ function. 

The third perspective of analysis indicated the interaction between ERS participants in their 

capacity of fulfilling a system function and entities that lie outside the ERS boundaries. Such 

interactions involved the provision of construction and maintenance services by infrastructure 

construction and maintenance firms for both the ‘Road Operation’ and ‘Road’ functions as per the 

respondents from Trafikverket and NCC. Moreover, the value propositions associated with the 

aforementioned functions were also deemed to be applicable to other road users utilizing other 

vehicles given that the integration of ERS functionality should not impede the use of the roads by 

other users irrespective of the ERS technology provided. Furthermore, the provision of technology 

licensing by technology suppliers within the ‘Power Transfer’ function allows for external actors 

to provide products and services by newcomers to the participants in the ‘Vehicle’ function. In 

turn, the ‘Vehicle’ function participants are to offer their value propositions to entities beyond the 

boundaries of an ERS in order to utilize the demand that exists for sustainable truck transport. 

Given its potential to lower the carbon footprint of mobility if the electricity generated is not from 

fossil fuels, ERS provide an opportunity for a potentially significant reduction of emissions 

provided an appropriately sized implementation (Leurent & Windisch, 2011). Thus, a collective 

view of the relational business models associated with an ERS served to provide insight on 

implementation effects on BMs. To capitalize on such a potential, the investment for an ERS for 
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the different actors should be accounted for accordingly. Investments may be the building of new 

substations for ‘Energy Providers’ (Olsson, 2014) or the installation of the ERS charging 

equipment for ‘Road Operators’ which – for example – was estimated to be around 10 mSEK/km 

or 1 mEUR/km for the technology implemented in eRoadArlanda as per the NCC and Elways 

respondents. Thus, the implementation scale of an ERS possesses influence on the choice of a 

business model to be adopted in order to participate in the fulfillment of a given function. Another 

implementation scale implication was highlighted by the NCC representative respondent as being 

the potential difference in cost associated with electrifying a given distance of road depending on 

whether it is the modification of an existing road as opposed to the construction of a new road with 

the functionality accounted for in the design and construction. Hence, the understanding of the 

relational business models indicated the importance of a significant implementation size for the 

enablement of an ERS and identification of the business models for participants given the 

collective view of the system. 

Other implementation influences on the business models were identified. The adaptations of the 

infrastructure to enable ERS implementation and the provision of energy to the ERS are likely to 

result in a change in the electric value chain (Fournier, 2016). Such changes may entail having 

‘Energy Providers’ reorganize themselves internally in order to provide the offerings for an ERS 

given an increased integration for them with the road transport infrastructure. Moreover, the 

changes in the value chain may include the formation of new associations between ‘Energy 

Providers’ and nonconventional actors such as OEMs (Altenburg et al., 2016). Consequently, the 

understanding of the relational nature of the BMs served to establish an overview by which these 

potential changes may be aligned to the ERS context effectively by accounting for the overall 

collective system when designing for realignment. Furthermore, the Advisory Firm representative 

respondent indicated the requirement for an examination of the risk allocation and of the nature of 

system interfaces that will contribute to the choice of the BM and its relational nature as potential 

participants consider making changes. 

The evaluation of the BMs from a function-based view and the relational business modelling 

served to indicate that participation within an ERS should take into account high dynamism of 

system components and interactions. The dynamic nature further highlighted the varying levels of 

interactions, their directionality, and their influence on the business models associated with ERS 

participation. Thus, the utilization and adaption of the approach outlined within this chapter shall 

serve to equip potential ERS participants with an overview of the system that reflects its dynamic 

and changing features.   
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7. Discussion 

In this chapter, a discussion of several pertinent aspects to the work of the thesis is outlined. In the 

first section of the chapter, the discussion focuses on the results attained from the application of 

the function-based assessment process and consequent business model evaluation of ERS. 

Followingly, a discussion of the wider applicability and adaptability of the developed assessment 

process is outlined. Finally, sustainability considerations around the implementation of ERS are 

presented.  

7.1. Assessment Process Application and Business Model Evaluation 

Results 

Given that system functions indicate the performance of the system components and the 

participants (Jacobsson & Bergek, 2011), the ability to monitor the overall system functionality 

and performance can increase the efficiency and effectiveness of implementing an ERS. 

Information sharing can provide manifold benefits to increase organizational performance and 

competitiveness: enhanced product introduction, improved customer service, and enhanced market 

understanding among others (Huo et al., 2014). Moreover, information sharing-enabled 

collaboration provides an opportunity for the reduction of costs and increase of value (Fawcett et 

al., 2007). Thus, the presence and maintenance of information sharing among ERS participants 

can be considered as an important enabler of implementation. 

However; the increased potential of and benefits from information sharing are dependent on 

aspects such as ensuring the quality, type, integrity, and flow of information without the presence 

of waste relating to these aspects (Hicks, 2007). Interactions among system functions were 

identified as important facets of an ERS, and the quality of interactions may prove vital to ensuring 

the success of ERS implementation (Hekkert & Negro, 2009). Thus, identifying and defining the 

interfaces among the different participants and among the system functions can also represent a 

key element to address when it comes to establishing information flows and interactions in an ERS 

to enable effective implementation and information flow directionality.  

With the realignment of actors and interactions to take place with an ERS implementation 

(Altenburg et al., 2016), there can be expected changes for ERS participants internally and 

externally that may result from a more expansive information flow and interface definition. 

Internal changes to occur may be related to the resources, capabilities, processes, and culture 

within an organization. The resources and skills required within the context of an ERS are likely 

to encompass more than their counterparts in the conventional automotive industry (Attias, 2016b). 

Moreover, the choice of a business model for an ERS participant is likely to influence the firm’s 

dynamic capabilities (Teece, 2018) and organizational processes (Chesbrough, 2010). Therefore, 

there is a need to identify how to best prepare for and address these changes to limit hindering 

effects of ERS participation on the internal working of organizations. To additionally enable 

effective information sharing, the will and ability to collect and share information must be instilled 
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in the organizations (Fawcett et al., 2007).  Such will and ability require organizational learning 

and institutional collectivism to enable sustainable development through the collaboration of 

employees, acquisition of knowledge, and stakeholder engagement (Bortolotti et al., 2015; Oelze 

et al., 2016). Thus, internal commitment to the participation in ERS and alignment of activities 

towards the fulfillment of the activities an organization is to perform to enable a system function 

must be established and maintained. 

As previously highlighted, external changes resulting from ERS participation can involve the 

formation of new partnerships. Such partnerships can manifest in the formation of new services 

with conventional and new actors. New services from conventional partners may include 

adaptations to insurance offerings given changes in the products and services offered within ERS. 

Another new service can potentially include other services associated with conventional mobility 

such as car-sharing that influenced the automobile ecosystem that are adapted to the context of 

truck transport in an ERS (Attias, 2016b). Moreover, the availability of ERS functionality may 

also be combined with other services by some of the participants. The potential for the utilization 

of Integrated Traffic Systems (ITS) to further expand and integrate the ERS functionality and other 

road transport functionalities to create a more holistic road transport ecosystem was indicated in 

the empirical information gathering. Moreover, the potential of Autonomous Driving (AD) for the 

offering of transport services that can also be combined with the utilization of ERS functionalities 

for the service was also indicated in the empirical information gathering. Such service 

combinations may require the formation of partnerships with information and communication 

technology (ICT) developers to facilitate the creation of the connected services (Attias, 2016b). 

Thus, the provision of the ERS functionalities provides a potential for the formation of partnerships 

with conventional and nonconventional actors in order to provide other services and functionalities 

to an ERS. 

7.2. Wider Applicability and Adaptability of the Assessment Process 

The manner in which the assessment process was developed yields itself to be adapted and applied 

to wider contexts than the one addressed in this thesis. The assessment process developed can be 

applied to assess different ERS technology solutions - such as inductive or overhead conductive 

solutions - in order to attain a similar understanding to that gained about the technology utilized 

for eRoadArlanda given that these solutions may involve different business models to be adopted 

by ERS participants for the functions outlined. The adaptability of the assessment process may 

also pertain to the methodological approach utilized in the thesis. The process may be adapted to 

involve a study with multiple case studies or a quantitative analysis in order to gain complementary 

insights of ERS implementation. Moreover, the assessment process may also be adapted to be 

applied to different technological domains and innovation systems relating to other socio-technical 

system transformations given its grounding upon a wider theoretical foundation not merely limited 

to ERS. 
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Moreover, the assessment process may involve an analysis of different implementation setups of 

ERS. The implementation of ERS may involve a collection of open and closed ERS (Tongur & 

Sundelin, 2016; Sundelin et al., 2016). Therefore, the selected implementation setup may result in 

the formation of contained, self-sustaining niches or wider market segments (Dewald & Truffer, 

2011). Consequently, the application of the assessment process on a more expansive level can be 

utilized to understand the function-based and relational business models associated with the 

different ERS setups such as an open system with different technologies or a collection of closed 

systems and their relation to the overall road transport ecosystem. Moreover, the application of the 

assessment process to examine the different implementation setups may prove beneficial to 

examine different ERS from different innovation system perspectives and hierarchies that depend 

on the boundary choices for those systems (cf. Section 2.1). Moreover, the adaption can include 

the addition or removal of system functions and roles depending on the configuration of the system 

to be assessed. 

The assessment process developed involved the adaptation of the policy-making orientation of 

using technical innovation systems as analytical tools to match the business model focus of the 

thesis (Bergek et al., 2008; Jacobsson & Bergek, 2011). However, the identified relevance and 

presence of government agencies and expected policy changes for the implementation of ERS 

make it pertinent to also revisit the original policy-making orientation. These policy considerations 

can include the structure of revenue generation and budget allocation given the example of indirect 

dependency of the allotted budget to an agency such as Trafikverket with the income it generates. 

Moreover, policy considerations may entail the need to understand the nature of risk allocation 

and interaction interfaces. These considerations represent an important aspect to the 

implementation of an ERS. Thus, the assessment process may be adapted to focus on a function-

based and relational assessment and evaluation of risks among ERS participants with a focus on 

policy-making. 

7.3. Sustainability Considerations 

When addressing sustainability considerations for ERS implementation and business modelling, 

all three dimensions of sustainability as defined by the United Nations (UN) were examined. 

Although the nature of an ERS may seamlessly draw a connection to the environmental 

sustainability dimension, the commercialization of an ERS and its integration into the socio-

technical system brought the economic and social sustainability dimensions into consideration as 

well (United Nations, 2015a). Thus, an examination of relevant UN Sustainable Development 

Goals (SDG) was conducted given the previously outlined commitment by Sweden for a fossil 

fuel-independent vehicle fleet by the year 2030 which coincides with the target year of achieving 

the SDGs (United Nations, 2015b; 2018). 

The concept of an ERS was considered to inherently address the ninth, eleventh, and thirteenth 

SDGs: ‘Build resilient infrastructure, promote inclusive and sustainable industrialization and 

foster innovation’, ‘Make cities and human settlements inclusive, safe, resilient and sustainable’, 
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and ‘Take urgent action to combat climate change and its impacts’ (United Nations, 2015b). The 

implementation of ERS can be deemed to be the use of innovation to provide an environmentally-

friendly road transport infrastructure that contributes to ensuring the presence of a sustainable 

society. Moreover, the seventh SDG – ‘Ensure access to affordable, reliable, sustainable and 

modern energy for all’ – was considered as highly relevant given the indicated potential and appeal 

for the implementation of an ERS provided the utilization of electricity produced from non-fossil 

fuel sources in order to make the environmental impact of an ERS more significant (United 

Nations, 2015b). Furthermore, the alignment to the seventh SDG along with alignment to the 

twelfth SDG – ‘Ensure sustainable consumption and production patterns’ – were deemed to be 

important for successful and effective ERS implementation. The alignments can be attained 

through the examination of the function-based and relational business models with a holistic 

system outlook in order to manage and optimize the overall system consumption. Given that ERS 

implementation will result in a reduction of taxes associated with fossil fuels as outlined by 

empirical findings, the eighth SDG – ‘Promote sustained, inclusive and sustainable economic 

growth, full and productive employment and decent work for all’ – was deemed to be an important 

aspect to consider (United Nations, 2015b). With the economic and social implications that the 

shift away from fossil fuel-based mobility will have on an overall national economic landscape 

and on the societal level with potential loss of jobs, implementation of an ERS and other 

sustainable mobility systems should attempt to account for maintaining the well-being of the 

national economic landscape and the economic well-being of individuals in society. 
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8. Conclusion 

In this chapter, the thesis is summarized and concluded. In the first section, the purpose fulfillment 

and research question answer are outlined. Followingly, the limitations of the thesis work will be 

stated. Finally, the thesis concludes with suggestions of future research. 

8.1. Research Purpose Fulfilled and Research Question Answered 

As outlined in the introductory chapter of this thesis, ERS holds the potential to become a 

significant alleviator and effective solution towards the reduction of emissions of overall road 

transport and in particular for heavy-trucks. However, the embeddedness of ERS within the 

infrastructure and the expansive nature of the actors and dynamics to be involved with ERS 

presented an opportunity to study challenges associated with business modelling for ERS. As such, 

the problematization conducted yielded the thesis purpose of exploring an assessment process to 

be used by potential ERS participants to identify related business models. 

A function-based approach was taken to develop an assessment process that enables the 

identification of the business models. Thus, an assessment process with a focus on both the 

technical system and business model was developed and applied. The technical assessment 

resulted in the development of the ‘Technical System Assessment Template’ while the business 

model assessment resulted in the complementary ‘Comparative Business Model Assessment’, 

function-based business modelling, and relational business modelling.  

As such, the developed assessment process was initiated with the definition of the ERS. The 

definition of an ERS entailed defining the ERS to be studied according to its corresponding 

technological innovation system definition. The definition of the ERS thus resulted in the 

designation of the eRoadArlanda demonstration project and the utilized Elways in-road rail 

technology as the definition of the ERS. This was followed by the second step of the assessment 

process that involved the breakdown of the ERS to components. The breakdown resulted in the 

designation of the five ERS sub-systems outlined by Sundelin et al. (2016) – ‘Energy’, ‘Road 

Operation’, ‘Power Transfer’, ‘Vehicle’, and ‘Road’ – as the components of the ERS. The third 

assessment process step involved mapping the ERS component functional patterns. Consequently, 

the five ERS components were deemed to represent the functional patterns within the ERS that are 

required to fulfil the overall functional objective of the ERS which is the enablement of dynamic-

charging-based mobility of vehicles using the Elways in-road rail technology. 

Upon the designation of the five functional components as the ‘System Function’ dimension of the 

TSAT, the identification of system roles and ERS participants took place. The identification 

involved analyzing the roles to be incorporated into the TSAT dimension ‘System Role’. The 

analysis relied on the examination of conventional mobility system roles and the nature of the 

empirical actors that participate in eRoadArlanda to yield the following roles to be incorporated: 

‘Energy Provider’, ‘Electric Road Operator’, ‘Technology Supplier’, and ‘Transport Operator’. 
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The designation and population of the ‘System Function’ and ‘System Role’ dimensions rendered 

the TSAT to be utilized in the application process where ERS participants indicated their 

participation areas in an ERS based on the functions to be fulfilled by them. 

The fifth assessment process step involved the identification of both the current and ERS-based 

business models for the participants using the CBMA. This step involved the incorporation of the 

activity-based approach to business models highlighted by Zott and Amit (2010) in order to gain 

insights into the capabilities of an ERS participant in terms of current and ERS-based value 

propositions, value creation cost, and value capture revenue. This step involved information 

gathering from different ERS participants representing different industries and different ERS 

function and role profiles. The final step of the assessment process involved evaluating the ERS 

function-based and relational business models. This involved the aggregation of the individual 

ERS participant business models for ERS according to the ‘System Functions’ and establishing a 

relational business model to understand the dynamics among ERS participants on varying levels 

including within a system function, among system functions, and beyond ERS boundary 

interactions. Thus, the development and application of the assessment process provided a way for 

the identification of business models for ERS participation that is based on an understanding of 

dynamic technical system functions and activity-based business models. 

With the assessment process developed and applied, the following research question was 

answered: 

RQ1: How can business models and subsequent interactions evolve in ERS for potential 

participants? 

The business model evaluation conducted provided an insight that was based on the incorporation 

of multiple business models based on varying individual value propositions, value creation costs, 

and value capture revenues which highlighted the potential of a varied composition of business 

models for a given ‘System Function’. The business model involved with the ‘Energy’ function 

indicated a value proposition based on a variety of offerings based on the activities performed 

within the energy value chain. Consequently, the participants within this function are to rely on 

subscription agreements for the electricity consumed for an ERS while accounting for a variety of 

capital investments and operating costs to create and deliver the value proposition. The ‘Road 

Operation’ business model indicated a value proposition consisting of oversight activities and 

operational activities to provide a functionality of an ERS within a road transport infrastructure. 

The value creation costs for such a value proposition were identified to include technology and 

infrastructure investments, service procurement, and electricity consumption cost. The value 

capture revenue was identified to depend on the nature of the entity and included government 

budget allotments, ERS operator and user fees, and ERS service fees. The ‘Power Transfer’ 

business model indicated the provision of products and services that enable the dynamic charging 

capabilities to be offered for vehicles. Thus, the value creation cost consisted of capital investments 

and operating costs associated with the physical power transfer components, the component 
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control programming, R&D, and energy handover monitoring. The value capture revenue 

generated included the sale of the products and services and the licensing agreements of the power 

transfer technology. The ‘Vehicle’ function-based business model included the provision of 

electric trucks and electrification components, the provision of electrification services, and the 

provision of transport services as a value proposition. For the associated value creation cost, it was 

identified to consist of the capital investments and operating costs for the truck manufacturing 

value chain areas, truck electrification, and transport service provision. The value revenue captured 

was surmised to include the sale of products, technology licensing agreement fees, and service 

provision fees. For the ‘Road’ function, the value proposition identified incorporated the to the 

planning, provisioning, operating, and maintaining of the road infrastructure and the provision of 

energy to auxiliary road functions. The value creation cost identified for the function included the 

procurement of external services, investment in infrastructure, and increased maintenance cost. 

The value capture revenue identified was the provision of road construction and maintenance 

services and the sale of energy. 

The relational business modelling revealed the presence of different interactions for ERS 

participants on different levels. For the participants contributing to the fulfillment of the same 

function, interactions were identified to be between energy producers and providers within the 

‘Energy’ function, between technology suppliers and electric road and transport operators for the 

‘Power Transfer’ and ‘Vehicle’ functions respectively, and between energy providers and electric 

road operators for the ‘Road Operation’ and ‘Road’ functions. Interactions among the functions 

within an ERS were surmised to have a directionality that indicates a precursory dependence of 

the fulfillment of some functions on others. The fulfillment of the ‘Road Operation’ function was 

identified as dependent on the fulfillment of the ‘Energy’, ‘Power Transfer’, and ‘Road’ functions. 

The ‘Vehicle’ function was identified as being dependent on the fulfillment of the ‘Road 

Operation’ and ‘Power Transfer’ functions. Finally, interactions that crossed the ERS boundary 

between the system functions and external actors were identified. The ‘Road Operation’ and 

‘Road’ functions were identified to provide other road users with some of the value propositions 

offered within the ERS while depending on infrastructure construction and maintenance firms to 

provide those functions with their services to enable the functionalities. Other interactions that 

cross the ERS boundaries included acquisition of technology licensing by license partners from 

‘Power Transfer’ participants to in turn provide products and services to ‘Vehicle’ participants. 

The ‘Vehicle’ function participants were deemed to also provide their value propositions beyond 

ERS boundaries to transport service users and truck leasers for example.  

Given the dynamic relational business models of ERS participation, large scale implementation 

was identified to be an important determinant to the choice of business models. Furthermore; large 

scale implementation was also deemed to affect the business models through its effects of value 

chain realignments, interface definition, and risk allocation. Thus, relational business modelling 

served to highlight the need to account for dynamism for ERS-based business model adoption. 
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8.2. Limitations 

Given the methodology choice of a single case study and the time constraint of five months 

associated with the thesis, certain limitations were encountered. The choice of the single case study 

and reliance on qualitative data limited the applicability of viable interview respondents. 

Moreover, this limitation was increased given the focus on a novel phenomenon that is at the time 

of writing still not fully implemented and integrated to the road transport infrastructure. Therefore, 

the gathered information was often caveated with its applicability depending on the current 

information the respondents themselves had. However, the outlining of the underlying principles 

and procedure of the development of the assessment process served to provide the ability to 

continuously confirm and update the collected information. The time and focus limitations have 

also restricted the ability to address some of the pertinent aspects identified throughout the thesis 

work such as risk allocation, interface definition, and policy-making among others. 

8.3. Future Research 

The work of this thesis served to aid in the future research to be conducted within the context of 

ERS by addressing one important facet in a structured and systematic manner. As such, there 

remains an opportunity to further enrich ERS-related research. As previously outlined, 

information-sharing shall be an important aspect in ERS implementation which makes it a relevant 

area for research. Moreover, the assessment process can be adapted and applied for different setups 

and technologies at different stages of ERS development and implementation. Finally, policy-

making remains a pivotal factor in ERS implementation which has implications on the business 

model context of this thesis and on other relevant contexts that must be studied to better support 

ERS implementation. 
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Appendix A: Structured Interview Template 

Interview Format and Administrative Aspects  

- Ask for permission to record in order to ensure the collection of all pertinent information in its 

authentic context 

- Ask for any confidentiality requests on behalf of the interviewees 

- Introduction about myself, the purpose of the thesis, and the intended purpose of the 

information to be contributed 

- Ask interviewees to introduce themselves and their organizations to establish the connection 

and relevance to the thesis and the perspective they represent 

- Introduce the two-stage interview format: 

Stage 1: Deals with business as usual and current operations 

Stage 2: Focus on the ERS 

Stage 1: Business-as-usual 

1. What are the typical operational areas in which your company operates? 

2. Given these areas, what are the value propositions created and offered by your company? 

3. Who are the customers receiving those value propositions? 

4. What are the key resources and key partnerships required to create and deliver the value 

proposition? 

5. What are the costs associated with the creation and delivery of the value propositions? 

a. Cost factors or sources 

b. Quantitative estimates (if permissible) 

6. What are the revenue streams used to capture value? 

Stage 2: Electric Road Systems 

1. What is the nature of your company’s involvement in the eRoadArlanda project? 

2. What were the drivers and motivations behind participating in the project? 

3. What have been cost factors associated with the participation in the project? 

4. What gives the edge, if one exists, for electric road systems over other sustainable transport 

alternatives for your company? 

5. What role do you see your company having in an electric road system based on the outlined 

system functions, their component definitions, and the system roles in the provided figure? 
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ERS Participant:  

 
System Function 

System Role Energy Road Operation Power Transfer Vehicle Road 

Energy Provider 
          

Electric Road Operator 
          

Technology Supplier 
          

Transport Operator 
          

      

    Legend 

   
 

Involved X 

   Not Involved  

 

 

Sub-System Component 

Hierarchy 
Component Description 

1) Road Operation 

Involves energy management control, user information 

provision, payment and billing, and lane control for the 

system 

2) 
Power 

Transfer 

2a) 
Road Power 

Transfer 

Involves detecting the vehicle and transferring power 

from the road 

2b) 
Vehicle Power 

Transfer 

Involves activation and operation of pantograph and 

subsequent measurement of energy transfer 

2c) Control 
Involves supervision of energy handovers and system 

operation 

3) Road 

3a) Pavement 
Involves the physical components of the road such as 

the pavement and road markings 

3b) Barrier Involves the safety and noise barriers 

3c) Auxiliary 
Involves the components that are outside of the road 

such as road signs and road illumination 

4) Energy 

4a) Transmission 
Involves the flow of power from generation to the 

national grid 

4b) Distribution 
Involves the flow of power from the regional grid to 

the power transfer system component 

4c) Management Involves the operating and balancing of energy 

5) Vehicle 

5a) 
Power 

Converter 

Involves the conversion of power from the power 

transfer system to either propel the vehicle or charge 

the battery 

5b) Control Unit 
Involves the provision of user information, vehicle 

positioning, and fleet management 
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6. What particular activities of do you see your company performing in an electric road 

system based on component functions of the systems? 

7. What value propositions do you see your company creating based on the choices previously 

outlined? 

8. Who are the customers to receive those value propositions? 

9. What are the key resources and key partnerships required to deliver the value propositions? 

10. What are the costs associated with the creation and delivery of the value propositions? 

a. Cost factors and sources 

b. Quantitative estimates (if permissible) 

11. What are the revenue streams used to capture value?  
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Appendix B: Semi-structured Interview Question List 

Question Interviewee Affiliation 
Interview 

Date 

What risks are involved with investment in 

the recycling operation? 

Respondent 1 

(R1) 

ABT 

Bolagen 
13.03.2018 

Is the electric truck involved in the 

demonstration comparable to its diesel 

counterpart in terms of storage? 

Respondent 1 

(R1) 

ABT 

Bolagen 
13.03.2018 

Is the electric truck involved in the 

demonstration comparable to its diesel 

counterpart in terms of storage? 

Respondent 2 

(R2) 
PostNord 13.03.2018 

What other factors can affect the development 

and implementation of ERS on a wide scale? 

Respondent 2 

(R2) 
PostNord 13.03.2018 

Are road tolls fees or taxes? 
Respondent 3 

(R3) 
Trafikverket 14.03.2018 

Does Trafikverket directly use the income it 

generates? 

Respondent 3 

(R3) 
Trafikverket 14.03.2018 

What kind of hardware and electricity 

expertise do the partners provide? 

Respondent 4 

(R4) 
NCC 15.03.2018 

What other factors can affect the development 

and implementation of ERS on a wide scale? 

Respondent 6 

(R6) 
Elways 26.03.2018 

Were there technology alignment difficulties 

between your own technology for the vehicle 

and that of Elways? 

Respondent 7 

(R7) 
e-Traction 26.03.2018 

What perspective is taken with the business 

analysis you are conducting on ERS? 

Respondent 9 

(R9) 

Advisory 

Firm 
06.04.2018 

Are there other challenges for the analysis of 

an ERS from the function-based perspective? 

Respondent 9 

(R9) 

Advisory 

Firm 
06.04.2018 
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