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The mere formulation of a problem is far more often essential than 
its solution, which may be merely a matter of mathematical or 
experimental skill. To raise new questions, new possibilities, to 
regard old problems from a new angle requires creative 
imagination and marks real advances in science. 

– Albert Einstein 
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Abstract	
Electric road systems (ERS) are road transportation systems based on 
technologies that support electric power transfer from roads to vehicles in 
motion. Transition toward alternative technologies, such as ERS, is necessary 
in order to achieve the sustainability goals in road transportation. While 
several studies have emphasized that new business models are necessary in 
order to commercialize such technologies, they tend to neglect the fact that 
many of these technologies require socio-technical change, such as 
investments in alternative infrastructure. Hence, this thesis examines the 
relationship between business models and socio-technical change. 

The research was explorative and based on two case studies investigating the 
development of ERS: a longitudinal case study in Sweden and an in-depth 
case study in Los Angeles, USA. The findings suggest different roles that 
business models can have in different types of projects when preparing ERS 
for commercial takeoff: first, new business models were not part of the pilot 
projects which focused on radical innovation; second, business models were 
developed in demonstration projects with user interactions; and, third, 
business models were evaluated, and in this case rejected, in a deployment 
project aiming to transform the existing socio-technical system. 

Given these findings, this thesis argues that the business model concept could 
be used as a perspective from which to understand the evolutionary processes 
that take place during the early phases of transition, and that the challenges 
of commercializing and deploying systemic innovations, such as ERS, are 
more complex than often accounted for in the business model and 
sustainability transition literature. 

This thesis also discusses whether or not ERS is likely to take off. Thereby, 
this research nuances our view of predevelopment processes of a niche 
innovation before it has actually taken off and improves our understanding 
of what hinders and enables sustainable transitions. 

Keywords: Electric road systems (ERS), business models, socio-technical 
change 

 



	

v	
	

Sammanfattning	
Elvägssystem (ERS) är vägtransportsystem med tekniker som levererar ström 
från vägar till de fordon som är i rörelse på dem. En övergång till alternativa 
tekniker, exempelvis ERS, är nödvändig för att uppnå hållbarhetsmålen för 
vägtransporter. Flera studier har betonat att nya affärsmodeller är nödvändiga 
för att kommersialisera sådan teknik. Däremot kräver ERS socio-teknisk 
förändring, t.ex. investeringar i alternativ infrastruktur, vilket få har behandlat 
i tidigare studier. Denna avhandling fördjupar och undersöker därför 
förhållandet mellan affärsmodeller och socio-teknisk förändring. 

Med en explorativ ansats har två fallstudier genomförts där utvecklingen av 
ERS studerats; en longitudinell fallstudie i Sverige och en fördjupad fallstudie 
i Los Angeles, USA. Resultaten visar att förhållandet mellan affärsmodeller 
och socio-teknisk förändring skiljer sig beroende på projekttypen som 
analyserades. För det första var utvecklingen av nya affärsmodeller inte en del 
av pilotprojekten då fokus var på radikal teknikutveckling. För det andra 
utvecklades affärsmodeller i demonstrations-projekt, som involverade lärande 
från användarinteraktioner. För det tredje, affärsmodeller utvärderades och 
förpassades i ett utbyggnadsprojekt med syfte att förändra det befintliga 
socio-tekniska systemet. 

Givet dessa resultat, argumenterar avhandlingen för att 
affärsmodellskonceptet kan användas som ett perspektiv för att förstå de 
utvecklingsprocesser som äger rum under de tidiga faserna av ett systemskifte. 
Avhandlingen visar också att utmaningarna med att kommersialisera och 
implementera systemiska innovationer, såsom ERS, är mer komplexa än det 
som hittills framkommit i affärsmodells- och systemskifteslitteraturen. 

Vidare diskuterar avhandlingen huruvida ERS kommer att bli framgångsrikt 
eller inte. Resultaten nyanserar synen på utvecklingsprocesser av en 
nischinnovation innan den har blivit kommersiell och förbättrar förståelsen 
för vad som hindrar och möjliggör hållbara systemskiften. 

Nyckelord: Elvägssystem (ERS), affärsmodeller, socio-teknisk förändring 
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1. Introduction 
1.1. Electric road system activities in preparation for takeoff  

Electric road systems (ERS) are road transportation systems based on 
technologies that support electric power transfer from roads to vehicles in 
motion. Such systems have existed for over a century, in the form of trams, 
streetcars, and trolleybuses. In recent years, ERS has emerged as a potential 
way to achieve urgent policy goals related to environmental sustainability and 
fossil fuel dependency. The particular emphasis of recent ERS exploration 
has been on heavy-duty trucks. The long-haul freight sector is one of the most 
difficult sectors to decarbonize; furthermore, it is projected to grow drastically 
in coming years. Alternative technologies (e.g., batteries and fuel-cell 
technologies) to replace the established internal combustion engine are 
considered commercially unviable and the availability of alternative fuels (e.g., 
biofuels) for this sector is uncertain (e.g., IEA, 2017a).  

Compared with other alternative technologies, ERS reduces the need for 
batteries, relies on well-established electricity infrastructure, and could 
preserve flexibility in the freight sector (den Boer et al., 2013; Chen et al., 
2015). Consequently, there are various ongoing research, pilot, and 
demonstration projects around the world to develop and evaluate the viability 
of ERS (cf. Tongur and Sundelin, 2016). There are also deployment projects 
investigating the possible implementation of ERS on highways, for example, 
between Sweden and Germany (government.se, 2017), and in regional freight 
corridors, such as in Los Angeles (SCAG, 2012).  

So far, the development of ERS has primarily been driven by societal needs 
rather than market demand, and most pre-commercial ERS activities have 
been initiated, supported, and subsidized by public funding (cf. Tongur and 
Sundelin, 2016). In that sense, ERS development constitutes a typical 
technological niche (Kemp et al., 1998) in which technology development is 
temporarily shielded from the commercial market in order to mature and 
become competitive. However, while the purpose of these actions is to 
prepare ERS for commercial takeoff, leading to a more sustainable 
transportation system, such technologies that contest the established 
technological paradigm typically fail at market deployment (Schot and Geels, 
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2008; Wells and Niewenhuis, 2012). This challenge is often metaphorically 
described as the “valley of death,” where firms risk stalling between pre-
commercial invention and basic research, on one hand, and product 
development for the commercial market, on the other (e.g., Markham et al., 
2010; Hellsmark et al., 2016).  

This thesis examines the early phases of a potential transition in which pilot, 
demonstration, and deployment activities are preparing a potentially 
sustainable technology for commercial takeoff. The transition technologies 
must then pass through the “valley of death,” before entering into niche and 
mass markets. In particular, it does so by analyzing the relationship between 
socio-technical change, on one hand, and business models, on the other.  

1.2. Systemic innovations require socio-technical change 
Previous research into innovation has emphasized how new technologies 
replace old ones through the process of creative destruction (Schumpeter, 
1939; Abernathy and Clark, 1985). These new technologies are often 
described as discontinuous from the dominant technologies (Anderson and 
Tushman, 1990) and as disrupting existing customer preferences (Christensen 
and Bower, 1996) and the “performance metrics along which companies 
compete” (Danneels, 2004, p. 249). 

Incumbent firms often encounter difficulties and problems when managing 
alternative technologies that succeed in passing through the valley of death. 
For example, typewriter manufacturers nearly disappeared in the shift to 
personal computers, and firms in the ice-harvesting industry did not survive 
when refrigeration technology emerged on the market (Utterback, 1994). 
Later, the semiconductor industry has experienced rapid technological change 
since the 1950s, as dominant firms have been replaced by emerging firms on 
the market (Foster, 1986; Tushman and O’Reilly, 1996).  

However, most research into discontinuous innovation has examined 
autonomous innovation (Chesbrough and Teece, 1996), i.e., innovation 
involving technologies that can be developed and commercialized 
independently and that do not require systemic change (cf. Pinke et al., 2014). 
A recommended strategy by which incumbent firms can overcome disruptive 
innovation is therefore to create a separate business unit for the disruptive 
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innovation, where it can attract resources and not compete with the core 
business of the firm (Anderson and Tushman, 1990; Christensen, 1997).  

Innovations that require systemic change cannot be handled by firms acting 
alone (Pinkse et al., 2014). Chesbrough and Teece (1996) argued that “when 
an innovation depends on a series of interdependent innovations—that is, 
when innovation is systemic—independent companies will not usually be able 
to coordinate themselves to knit those innovations together” (p. 68). 
Therefore, some research has argued that firms should establish dynamic 
boundaries, for example, vertically integrating suppliers of new technologies 
(Afuah, 2001) or becoming system integrators, to be capable of defining and 
executing large-scale products with large supply networks (Hobday and Rush, 
1999).  

For a systemic innovation, such as ERS, to successfully reach the mass 
market, there is a need for investments in developing and commercializing 
the alternative technology (e.g., electric road trucks) as well as capital 
investments in a new physical infrastructure (e.g., electrified roads and power 
grid extensions) at the same time. Building new infrastructure is capital 
intensive and requires huge upfront investments (Huétink et al., 2010; Azar 
and Sandén, 2011; Steinhilber et al., 2013). This necessity for the simultaneous 
deployment of technologies and infrastructure is often described as the 
chicken-and-egg dilemma (Meyer and Winebrake, 2009; van Bree et al., 2010): 
users are reluctant to invest in vehicles with alternative fuels because a 
sufficient charging or fuel infrastructure is lacking, while fuel and charging 
suppliers are unwilling to invest in infrastructure because there are too few 
compatible vehicles. In other words, if an insufficient number of zero-
emission vehicles is available, the enabling infrastructure can never be 
profitable, and if there is insufficient enabling infrastructure, zero-emission 
vehicles will never be profitable (Augenstein, 2014). Consequently, one major 
challenge is how to transform established infrastructure in order to facilitate 
the introduction and diffusion of alternative, sustainable technologies.  

While established infrastructures such as road transportation and electricity 
supply give rise to environmental externalities, they are essential for society 
to attain and maintain a high level of wealth and welfare (Markard, 2011). 
Infrastructure systems have typically grown and developed over long periods 
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of time through a co-evolutionary process between technology and society, 
and are therefore commonly referred to as socio-technical systems (Hughes, 
1987; Fleck, 1993; Bijker, 1995).  

Such socio-technical systems are physical artifacts comprising various 
subsystems, such as vehicles, roads, and fuel infrastructure. In their 
development, these interrelated subsystems have reinforced each other and 
created dominant designs of technological solutions and corresponding 
technological trajectories (Utterback, 1994; Geels, 2005), for example, the 
internal combustion engine, gasoline infrastructure, and paved road network. 
Various actors developed business logics for the different subsystems, making 
their technologies commercially viable and affordable to mass markets, for 
example: car manufacturers started to mass produce cars instead of running 
customized workshops; oil companies invested in fuel infrastructure based on 
gasoline instead of kerosene; and city, state, and federal agencies funded the 
building of road networks, which supported the business models of car 
manufacturers and fuel providers (Flink, 1990; Geels, 2002).  

Established technologies relying on fossil fuels have therefore enjoyed over a 
century of technological improvement supported by investments in 
production system and supporting infrastructure. This has led to sunk costs 
that new, alternative systems do not have. Currently, this makes them more 
cost-effective and convenient than other plausible alternatives (Unruh, 2000).  

1.3. Sustainable transitions in search of business models  
Recently, scholars addressing how to enable sustainable transitions have 
argued that new technologies that have potential to solve sustainability 
problems are usually insufficient in themselves and therefore require new 
business models to realize their potential on the mass market (Johnson and 
Suskewicz, 2009; Boons and Lüdeke-Fruend, 2013; Loorbach and Wijsman, 
2013). Facilitating transition and legitimizing sustainable technology arguably 
require new business models that translate the beneficial qualities of new 
products to end users, thereby creating user acceptance and firm profitability 
(Boons et al., 2013; Wainstein and Bumpus, 2016).  

Niewenhuis and Wells (2012) developed a matrix to explain the relationship 
between sustainable technology and business models (see Fig. 1). First, the 
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“business as usual” condition includes no new technologies or business 
models. An example of this is the Toyota production system (Womack et al., 
1990), which does not require any radical changes once it has achieved 
efficiency. Second, established business models can commercialize new 
technology and allow firms to compete better. This is typical of mature 
industries with a dominant business model logic (cf. Prahalad and Bettis, 
1986), such as the automotive (Niewenhuis and Wells, 2012), energy system 
(Richter, 2013), and pharmaceutical (Sabatier et al., 2012) industries. An 
often-cited example is Toyota’s hybrid technology in the Prius vehicle, which 
incorporates new powertrain technology but was commercialized through the 
established business model. 

               
Fig. 1. The business model and technology innovation matrix (Niewenhuis 
and Wells, 2012) 

Third, a firm with a new business model can employ an established 
technology and thereby compete differently. The fields of servitization 
(Vandermerwe and Rada, 1988), mobility as a service (Sochor et al., 2015, 
product–service systems (Tukker and Tischner, 2006; Visnjic et al., 2017), or 
circular economy (Korhonen et al., 2018) are examples of new service-
oriented business models that seek to develop new sustainable value offers 
from established technology. Fourth, the development of new business 
models can be prompted by new technologies, and vice versa, and thereby go 
beyond competition. Several studies have identified and examined how new 
types of business models promoting sustainability (Bocken et al., 2014) have 
integrated the societal value of alternative technologies, for example, in the 
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With these thoughts in mind, it is worth considering what alternative strategic shapes might 
be possible. Six thumbnail sketches are presented below. It will be readily appreciated that 
each will have different consequences for the nature of the aftermarket. 
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In the business as usual situation there is no substantive technological innovation and no 
business model innovation either, although evolutionary developments may occur. In this 
case, competition depends upon having a better strategy and / or a better operational 
execution of existing practice. Cost leadership is essential to profitability in this business 
model, because no company is able to dominate or distort the market. This case is typical of 
large, mature industries with established economies of scale, product and production 
technologies, industrial structures and relationships, and management practices. The Toyota 
Production System is an example of the sort of innovation that can still occur without radical 
challenge to either the overall business model or the technologies of the industry. 

 

 



	

6	
	

cases of solar panels (Karakaya et al., 2016), algae biofuel (Nair and Paulose, 
2014), and electric vehicles (Bohnsack et al., 2014).  

The focus of this thesis is on the fourth type of combination, with ERS in 
search of new business models to enable commercial takeoff. While previous 
studies have explored business models as non-technological innovations or in 
relation to technological innovations (cf. Sarasini and Linder, 2017; Bidmon 
and Knab, 2018), they have typically neglected the socio-technical change on 
which the commercialization depends. There are several reasons why this 
perspective is inadequate for a better understanding of the development of 
systemic innovations such as ERS.   

First, previous studies have typically applied a static perspective on business 
models, analyzing a particular business model design or archetype (Kley et al., 
2011; Bocken et al., 2014) at a particular time. In this way, they provide 
valuable knowledge of various business model designs that could lead to more 
sustainable production and consumption (Boons and Lüdeke-Fruend, 2013), 
which could stimulate other firms to engage in business model innovation. 
However, these studies foster a limited understanding of the role of business 
models for systemic innovations that have not entered the market (cf. 
Christensen et al., 2012). 

Second, most studies have started from either a product perspective (e.g., 
electric vehicles or solar panels) or a service perspective (e.g., transportation 
service and energy service). They have not taken into consideration the socio-
technical change that is necessary to commercialize these products and 
services in mass markets. For example, to analyze business models for ERS 
deployment, it is not enough to consider hybrid trucks; rather, one must also 
consider the electric road, integration with the electric grid, and system 
services (cf. Kley et al., 2011; Wainstein and Bumpus, 2016). 

Third, most studies have concentrated on the firm–user relationship, 
analyzing how firms create and capture value from users (Chesbrough, 2010; 
Bohnsack et al., 2014). However, a firm that develops a novel business model 
for a sustainable technology that depends on other complementarities and 
thereby does not fit the established socio-technical configuration will have 
difficulties succeeding on its own. The new business model might not fit the 
business models of other actors (e.g., Christensen et al., 2012). Furthermore, 
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the role of policy makers is often neglected in these analyses (Sarasini and 
Linder, 2017), even though they have a key role in facilitating niche activities 
(Schot and Geels, 2008) and in investing and transforming infrastructure 
(Loorbach et al., 2010; Giordano, 2015).  

To summarize, recent transition studies have identified and analyzed new 
types of business models that firms deploy for sustainable technologies (e.g., 
Bocken et al., 2014). Yet these studies have not taken into consideration that 
many of these technologies require socio-technical change and therefore 
depend on the interaction between several actors (not only on the firm–user 
relationship) (Pinske et al., 2014; von Pechmann et al., 2015). Surprisingly, 
despite calls for further research exploring the role of business models in the 
transition toward more sustainable technologies (Geels, 2011; Boons and 
Lüdeke-Freund, 2013), few studies have analyzed the dynamics between 
business models and socio-technical change (Wainstein and Bumpus, 2016; 
Sarasini and Linder, 2017; Bidmon and Knab, 2018).  

1.4. Research aim  
The aim of this thesis is to examine the relationship between business models 
and socio-technical change. It therefore belongs to the emerging literature 
stream that explores business challenges in socio-technical transition, using 
the business model as a link between technology innovation and socio-
technical change (cf. Boons and Lüdeke-Freund, 2013; Wainstein and 
Bumpus, 2016). Business models are therefore considered to transcend firm 
boundaries (Zott et al., 2011) and to be an appropriate perspective for 
studying the early phases of transitions (Pinkse et al., 2014; Huijben et al., 
2016). Empirically, this thesis is based on case studies of ERS activities that 
could be conceptualized as part of the early phases of a potential transition. 
Drawing on the research aim, this leads to the following research question: 

What is the relationship between business models and socio-technical change in the early 
phases of a potential transition? 

The theoretical/analytical framework developed in this thesis focuses on 
developing an understanding of the relationship between business models and 
socio-technical change by scrutinizing temporal, structural, and actor 
perspectives on these niche activities. By addressing the role of business 
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models in the early phases of transition, this thesis intends to make theoretical 
contributions to the literature on socio-technical transition and strategic niche 
management (SNM), enabling a better understanding of what facilitates or 
hinders sustainable transitions.  

1.5. Thesis structure  
Following this introduction, which presents the theoretical problem and 
research questions, the theoretical foundation of this thesis is outlined in 
section two, where the concepts of “business model” and “socio-technical 
change” are defined. Furthermore, the theory is narrowed down by presenting 
a framework for analyzing business models in niche activities from the 
temporal, structural, and actor perspectives. In the third section, “Research 
context,” the ERS case is presented, including how ERS evolved from an idea 
into a global niche alternative. Then the research design is presented in the 
fourth section. The fifth section summarizes the four appended papers in 
terms of their purpose, methodology, findings, research implications, 
originality/value, and contribution to the thesis. The sixth section synthesizes 
the results of the appended papers, presenting a framework for analyzing the 
interaction between socio-technical change and business models in different 
niche activities. The following two sections discusses the results in relation to 
the aim and concludes what the theoretical implications and conclusions are 
from this thesis. The final section, elaborates on what the practical 
implications are of this thesis, including a discussion on whether or not ERS 
will take off. 
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2. Theoretical foundation 
This section presents the theoretical foundation needed in order to describe and analyze the 
relationship between business models and socio-technical change in the early phases of 
transition. It also describes a framework that incorporates three perspectives from which to 
analyze business models in niche activities.  

2.1. Presenting the business model concept 
The term “business model” was first mentioned in a management book in 
1954 (Drucker, 1954) and in an academic journal article in 1957 (e.g., Bellman 
et al., 1957). The concept was treated as a modeling tool for business activities 
in the context of information technology in the early 1970s (Ghaziani and 
Ventresca, 2005; Lehmann-Ortega and Schoetti, 2005). Alongside the 
advance of IT technology in the mid 1990s, interest in business models 
increased among strategy and entrepreneurship scholars, as they were 
endeavoring to understand and classify the innovative business logics of new 
e-business ventures, also referred to as e-business models (Amit and Zott, 
2001).  

While strategy and innovation management scholars have recently embraced 
the concept, consensus as to what the concept is all about has yet to be 
reached (Zott et al., 2011; Foss and Saebi, 2017). Most researchers agree that 
the core of the concept is about how businesses propose, create, and capture 
value and that it is relevant to both management theory and practice 
(Chesbrough and Rosenbloom, 2002; Stähler, 2002; Wüstenhagen and 
Boeknke, 2008; Johnson and Suskewicz, 2009; Zott et al., 2011).  

In their literature review of business models, Zott et al. (2011) identified two 
understandings of the business model concept (apart from e-business 
models). The first was found in the technology and innovation management 
literature, which conceptualized the business model as a mechanism that 
connects a firm’s technology to customer needs. In this sense, business 
models usually refer to the logic of how firms do business (Magretta, 2002), 
describing the architecture or rationale for how value is created, delivered, 
and captured by an organization (Osterwalder et al., 2005; Teece, 2010). The 
essence of this perspective lies in how value is created by the firm and how 
the firm captures this value from customers and converts it to profits.  
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Following this line of thought, Osterwalder (2004) developed a conceptual 
management tool, called the business model canvas, based on constructing 
maps that allow a firm to define various elements of its business model by 
linking ideas, technologies, and economic performance through nine building 
blocks: customer segment, value proposition, distribution channels, customer 
relationships, revenue stream, key resources, key activities, key partnerships, 
and cost structure. The basic questions that the business model canvas 
identifies are what the firm proposes to sell, to whom the value should be 
delivered, how to create the value, and how much the customers’ economic 
compensation should be.  

The second conceptualization was found in the strategy literature, which goes 
beyond the firm–customer relationship, arguing that business models should 
account for the value delivered to all stakeholders in a value network (Zott et 
al., 2011). In this sense, a business model is a systemic representation of how 
firms create, deliver, and capture value. This could be conceptualized and 
visualized by managers and entrepreneurs through the activity system design 
framework (Zott and Amit, 2010), capturing, for example, what activities 
should be performed (content), how they should be linked and sequenced 
(structure), as well as by whom and where they should be performed 
(governance) (Zott and Amitt, 2010, p. 7). While the activity system is situated 
at the focal firm level, business models cross firm and industry boundaries 
(Amit and Zott, 2001) since the loci of value creation often cross traditional 
firm or organizational boundaries (Normann, 2001; Santos and Eisenhardt, 
2005). 

Strategy scholars have been interested in business models because new 
innovative business models can gain competitive advantage in a given 
industry and directly affect firm performance (Zott and Amit, 2008). 
However, a business model is not the same thing as a strategy (Casadesus-
Masanell and Ricart, 2010). Business strategy concerns where and how to 
compete, guiding, for example, what business model to implement. In 
contrast, a business model is the specific implementation or realization of the 
strategic choices of a business (Shafer et al., 2005) and therefore complements 
a strategy (Zott and Amit, 2008). While most studies of business models have 
focused on conceptualizing and characterizing what a business model is, these 
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studies assume a static view in which the business model is portrayed as a 
snapshot at a given time (Mason and Spring, 2011). 

The literature describes business model innovation (BMI) as an extension of 
the business model concept that takes account of the dynamic nature of 
innovation and represents an emerging theme in innovation research (Foss 
and Saebi, 2017). BMI refers to “the discovery of a fundamentally different 
business model in an existing industry” (Markides, 2006, p. 20) and not to the 
replication or imitation of an existing business model (Aspara et al., 2010). 
Since innovation in products, services, and processes are costly, time-
consuming, and uncertain, several scholars claim that firms should engage in 
BMI (Chesbrough, 2010; Koen et al., 2011; Foss and Saebi, 2017). Therefore, 
the literature characterizes BMI as a different type of innovation from 
innovation in products, services, and processes.  

BMI is strongly connected to technology innovation although they are two 
separate constructs (Baden-Fuller and Haefliger, 2013). On one hand, new 
advanced technology could stimulate BMI. For example, the development of 
the steam engine facilitated the mass production business model and the 
Internet facilitated e-business models. On the other hand, several scholars 
have argued that BMI is needed in order to unlock the value of new advanced 
technology and to translate this value into market outcomes (Zott et al., 2011). 
Technology therefore has no economic value until it is commercialized 
through a business model. Chesbrough (2010) illustrated this point by 
describing how two different business models were applied for the same 
technology, i.e., Xerox copier technology: while the existing “razor and blade” 
business model failed to commercialize the new technology, the new business 
model of leasing the copier made the firm very successful. BMI can also occur 
without technology development, as in the case of the just-in-time production 
system (Hossain, 2017).  

Sabatier et al. (2012) studied technological discontinuities in the biotech 
sector and found that a novel business model associated with a radical 
technology could lead to transformation of the dominant logic of an entire 
industry. BMI can accordingly be viewed as “game-changing to the industry 
or market” (Johnson et al., 2008, p. 58) and difficult for incumbent firms to 
counter (Koen et al., 2011). A classic example is Apple, which bundled large 
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volumes of cheap music through their new iTunes software with their 
innovative iPod hardware, which was a high marginal product (Johnson et al., 
2008). This transformed the music industry from in-store to on-line music 
retail. Other examples include the “sharing” economy based on platform 
models or service bundling (Vorbach et al., 2017).  

According to theory, established firms experience several barriers to engaging 
in BMI (Chesbrough, 2010). For example, a new business model often brings 
a high degree of uncertainty compared with an existing business model that 
is still profitable. Therefore, incumbent firms could face a type of 
“cannibalization anxiety” when replicating successful pioneering business 
models, as this could involve “cannibalizing existing sales and profits or 
upsetting other important business relationships” (Teece, 2010, p. 11). 
Furthermore, studies have demonstrated that the established business model 
influences managers since “business models are not just statements of 
economic linkages but also cognitive devices; business models held in the 
minds of these actors influence technological outcomes” (Baden-Fuller and 
Haefliger, 2013, p. 5). In other words, the existing business model could be 
considered a barrier that restricts managers in developing and 
commercializing new technologies and services.  

Technology shifts and radical technologies are often related to business model 
inertia. Christensen (2006) revised his concept of disruptive technology to 
disruptive innovation by claiming that “it was not a technology problem; it 
was a business model problem” (p. 43). That is, the business model rather 
than the technology can constitute a lock-in that impedes a technology shift. 
Facit and Kodak are two empirical examples cited in the literature on this 
phenomenon (Tripsas and Gavetti, 2000; Sandström, 2010). Even though 
these firms anticipated the new technology (e.g., by developing internal 
competence and partnership in the field of electronic calculators and digital 
photography, respectively), they failed to profit from these technologies. 
Instead, the new technologies were incompatible with the established and 
profitable business models (i.e., B2B sales of mechanical calculators and 
chemical filmmaking, respectively). The associated lock-in to the business 
model made it difficult to manage the technology shift that transformed the 
existing system. 
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2.2. Socio-technical change and transition 
The concept of systems is used in various research disciplines and is 
sometimes vaguely treated. The system concept could be used in a “hard” 
approach, for example, in a mathematical method for using computers to 
optimize activities described as a system (Churchman, 1968). The system 
concept could also be used in a broader “soft” approach (as this thesis does), 
for example, in considering social and technical dimensions to be intertwined 
to form socio-technical systems (Bijker, 1995). A large technological system 
based on artifacts, such as transportation and energy infrastructure, is often 
described as a socio-technical system, which is defined by its function (Geels 
and Kemp, 2007). Socio-technical change is defined as a set of processes that 
changes the established socio-technical configuration, possibly leading to 
socio-technical transition. Such transitions could take place over several 
decades and involve processes in which “new products, services, business 
models, and organizations emerge, partly complementing and partly 
substituting for existing ones” (Markard et al., 2012, p. 2). 

The focus on socio-technical systems emerged in the 1980s in reaction to 
technological determinism—i.e., seeing technological development as 
autonomous with respect to society and as shaping society (Mackay and 
Gillespie, 1992; Bijker, 1995). In contrast, proponents of the social shaping 
of technology literature argued that technological artifacts do not have power 
or meaning by themselves. Therefore, to analyze the functioning of artifacts 
a combination of “the social” and “the technical” is considered the 
appropriate unit of analysis (Fleck, 1993; Geels, 2005).  

In his classic studies, Hughes (1983, 1987) described how established 
infrastructures evolved and expanded into large socio-technical systems. He 
illustrated how system builders, organizations, and institutions influenced the 
design and operation of a web of technological components to form a 
seamless functioning whole (Hughes, 1983; Jonsson, 2000). He used the 
concepts of salient, reverse salient, and critical problem to analyze factors that 
hinder the development and expansion of socio-technical systems. A salient is 
a bulge in an advancing front line of a system, while a reverse salient refers to 
that part of a front that lags behind. The components that constitute a salient 
are at the front of a system because they are more technically efficient, more 
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economic, and carry forward the development of other components of the 
system. Similarly, a reverse salient consists of less-efficient components that 
prevent the system from further developing toward its objectives. Critical 
problems are defined, according to Hughes (1987), in the context of salient 
and reverse salient. A definition and solution of a critical problem brings the 
variants of components in the technological system into an equilibrium, at 
least temporarily.  

The evolution of social-technical systems has been depicted as comprising 
three sequential phases (Hughes, 1983). First, in the establishment phase, the 
high uncertainty of future demand is combined with a strong need for massive 
investments. Second, in the expansion phase, the system becomes established 
on an initial market and various economic forces, such as economies of scale, 
scope, and reach (Kaijser, 2004), create system momentum, enabling 
dominant designs (Anderson and Tushman, 1990) to emerge and dominant 
technologies and practices to become institutionalized. Third, with extensive 
investments made over a long period of time, large socio-technical systems 
tend to enter a stagnation phase characterized by lock-in to a specific 
technological trajectory, system stakeholders with strong vested interests, and 
highly institutionalized standards and regulations interwoven with the system. 
In this phase, there is little scope for agency, change, or radical innovation 
(Hughes, 1983; Kaijser, 2004). 

In the past two decades, research into socio-technical systems has changed 
direction, shifting from exploring the characteristics and evolution of socio-
technical systems to exploring the change mechanisms and processes that 
might trigger the transition of such systems (e.g., Rip and Kemp, 1998). One 
reason for this is that many socio-technical systems in practice concern 
sustainability challenges, such as air pollution, CO2 emissions, and fossil fuel 
dependency, which have become critical and urgent for society to solve. At 
the same time, there are strong path dependencies and lock-ins to established 
technologies, infrastructures, user practices, etc. (Unruh, 2000). These lock-
ins are enforced by financial demands for further investments in these 
established infrastructures to support economic growth, as well as by shifts in 
demographic structure and population growth and by the need to replace 
obsolete infrastructure (Kennedy and Corfee-Morlot, 2013; Giordano, 2015). 
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Socio-technical systems therefore are claimed to change incrementally, along 
their technological trajectories (Dosi, 1982), rather than in the radical ways 
often needed to address sustainability challenges (Loorbach, 2010). While the 
sustainability concept can be subject to interpretation and may change over 
time, the sustainability transition discourse (e.g., Kemp et al., 1998; Rotmans 
et al., 2001; Geels, 2002; Bergek et al., 2008) addresses how to promote and 
govern a transition toward more sustainable socio-technical systems (e.g., in 
terms of production and consumption) (Markard et al., 2012). 

The multi-level perspective (MLP) is one of several conceptual frameworks 
in the sustainability transition literature that is used to describe and analyze 
the dynamic processes occurring during a socio-technical change (Geels, 
2005; Markard et al., 2012). As a heuristic framework, the MLP is based on 
three interacting levels (Geels, 2002). First is the socio-technical regime level, 
which represents the established practices and rules. This level is 
characterized by a high degree of stability and comprises actors that produce 
and maintain the socio-technical system, defined in terms of tangible 
elements, such as existing technologies, regulations, user patterns, 
infrastructures, and cultural discourses (cf. Nelson and Winter, 1982; Rip and 
Kemp, 1998). Second is the landscape level, which represents the wider 
exogenous environment and events that the regime actors cannot directly 
influence, but rather must respond to. The development of landscape 
pressure on a socio-technical system can be slow, for example, via 
globalization or climate change (Geels, 2005), but a system can also be 
punctuated by disruptive landscape events, such as wars or disasters (Raven 
et al., 2012). Third is the niche level, which, according to the MLP, represents 
the microcosm of radical innovation and is characterized by low stability. 
Niches, from this perspective, are protected spaces sheltered from the main 
market selection environment, allowing for learning processes that could lead 
to novel technologies, structures, and behaviors (Schot and Geels, 2008). 
Such niche innovations sometimes gain momentum, allowing visions to break 
through and become generally accepted.  

For a system to change, according to this framework, the regime must change, 
and such transitions can only occur when the dominant socio-technical 
regime is destabilized through exogenous “landscape pressure” in 
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combination with local “niche innovations.” When these processes are 
aligned, they can create a window of opportunity that allows emerging niche 
innovations to break through (Geels and Schot, 2007). According to the 
literature, policy measures should endeavor to destabilize the incumbent 
regime, promote potentially more sustainable solutions, and support 
processes for translating ideas and practices from niches to mainstream 
settings (Smith et al., 2010).  

Early MLP work was criticized for emphasizing a simple technology-push 
logic whereby radical innovations that emerge in technological niches first 
enter market niches and then mainstream markets, eventually taking over and 
replacing existing regimes (Smith et al., 2005; Seyfang and Smith, 2007). 
Drawing on the timing and nature of multi-level interaction, Geels and Schot 
(2007) responded by developing an MLP typology of four transition 
pathways: transformation, reconfiguration, technological substitution, and 
dealignment and realignment. Furthermore, transition pathways are 
understood to involve nonlinear and complex processes, which are non-
deterministic (Geels and Schot, 2007; cf. Kline and Rosenberg, 1986). 

In the context of this thesis, electric road systems (ERS) could be regarded as 
socio-technical systems comprising not only physical artifacts (e.g., hybrid 
vehicles, power transfer technology, electric roads, power transmission 
infrastructure, and power generation plants) but also actors (e.g., vehicle 
manufacturing firms, power transfer technology and infrastructure suppliers, 
and electric utilities) and legislative artifacts (e.g., environmental, 
transportation, and industrial policies) (cf. Hughes, 1987). A socio-technical 
transition toward ERS therefore differs from a simple exchange of one 
technology to another, for instance, changing from diesel powertrains to 
hybrid-electric powertrains, as it involves changes in user practices, 
institutional structure, and socio-technical configuration, including 
infrastructure transformation. As Markard et al. (2012) highlighted, “socio-
technical transitions typically encompass a series of complementary 
technological and non-technical innovations (e.g., complementary 
infrastructures)” (p. 956). While the objective of this thesis is not to state 
whether or not ERS is more sustainable than the established system (as this 
could depend, e.g., on the type of energy mix used in electricity generation), 
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sustainability is an important factor in seeking to understand the context of 
ERS. The development of ERS is driven by the sustainability agendas of 
policy actors and firms, possibly leading to different transition pathways, 
including transition failure (Geels and Schot, 2007; Niewenhuis and Wells, 
2012).  

2.2.1. The role of business models in transition 
From a sustainability perspective, most research has so far considered how to 
create sustainable value through product, process, and technological 
innovations (Hansen et al., 2009). In particular, in the transition literature, 
most studies frame innovation from the perspective of technological artifacts, 
while considering social factors at the landscape level that could motivate the 
creation of niches and the destabilization of the socio-technical regime (Geels, 
2005; Markard et al., 2012). For example, policy actors are advised to address 
“market failure” by creating and shielding protective spaces in order to test 
the viability of sustainable technologies in technological niches (Kemp et al., 
1998). However, a technology that promises better sustainability performance 
(i.e., in terms of the social, environment, and economic sustainability 
dimensions) is meaningless if it does not diffuse from a technology niche to 
wider mass markets.  

Scholars have developed and described various business model archetypes 
with the aim of contributing to the building/design of future business models 
for sustainability (Bocken et al., 2014). The product–service system (PSS), 
considered one such business model, has attracted considerable attention in 
response to the need for manufacturing firms to develop more sustainable 
businesses (Tukker, 2004). PSS could be defined as “a system of products, 
services, supporting networks, and infrastructure that is designed to be 
competitive, satisfy customers’ needs and have a lower environmental impact 
than traditional business models” (Mont, 2002, p. 239). The basic idea is that 
the product and technology are merely ways of providing functions (cf. 
Vandermerwe and Rada, 1988; Giarini and Stahel, 1993), and that the 
consumer pays to use the product instead of to own it (e.g., customers buy 
mobility instead of cars, cleaning services instead of laundry detergent, and 
music instead of CDs). PSS does not equal sustainability, but instead facilitates 
more sustainable options by shifting attention from the product to the final 
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need, demand, or function to be fulfilled (Tukker and Tischner, 2006), 
thereby incentivizing firms to reduce material consumption throughout the 
product lifecycle (Yang et al., 2017). For example, a vehicle manufacturer can 
either sell the vehicle or the services connected to it, such as car sharing, 
pooling, or rental schemes, or pay-per-mile schemes (Williams, 2007).  

Surprisingly, the understanding of how technology inventions, particularly 
those with sustainability potential, are commercialized on the market is 
underexplored (e.g., Schaltegger et al., 2016). Since many sustainable 
technologies fail to move beyond the technological niche phase, scholars have 
recently started to emphasize that business models are important in order to 
achieve sustainability (Hockerts and Wüstenhagen, 2010; Boons and Lüdeke-
Freund, 2013). In other words, a new technology and an alternative socio-
technical configuration alone are not enough to achieve commercial success 
and sustainability goals; in addition, new business models are required to 
complement these innovations.  

In his book on business models for sustainability, Wells (2013) attempted to 
integrate the business model perspective with the sustainable transition 
concept. On one hand, Wells argued that business models are concerned with 
short-term descriptions that could enable competition and profitability for 
firms, but that they disregard the wider setting in which they operate. 
Therefore, “business models need more than an internal rationality: they also 
need to ‘fit’ against both the market and the wider socio-technical setting in 
which they operate” (Wells, 2013, p. 37). On the other hand, transition theory 
such as the MLP framework concerns long-term change processes from an 
aggregated level, or macro perspective, that could take several decades to 
unfold. Therefore, while the sustainable transition literature has aimed at 
being a policy tool for government regulation and intervention (Kemp et al., 
1998), it has been criticized for overlooking the role of agency, firm strategy, 
and business models (Genus and Coles, 2008; Markard et al., 2012; Berggren 
et al., 2015). Consequently, Wells (2013) concluded that “transitions theory is 
an idea in search of more detailed causal mechanisms, whereas the concept 
of a business model is an idea in search of more structured contextual 
explanation” (p. 42). 
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In one of the first papers to adopt a business model perspective on sustainable 
innovation, Boons and Lüdeke-Freund (2013) mentioned that business 
models must overcome certain barriers: “while an innovation bears an 
assumed sustainability potential, the underlying business model is the market 
device that allows (or hinders) to unfold this potential, given that certain 
barriers can be overcome” (p. 504). These barriers to introducing new 
technologies could be associated with business model challenges at the firm 
and industry levels (e.g., the dominant business model logic mentioned in the 
previous section) and at the wider socio-technical system level; for example, 
the new technology may require alternative infrastructure that does not fit the 
established business model for funding and operating infrastructure (Foxon 
et al., 2015).  

Drawing on the MLP framework, Bidmon and Knab (2018) noted that 
business models could have three different roles in transition. First, business 
models could be regarded as part of the socio-technical regime, so existing 
business models would enforce the stability of the current socio-technical 
system and hinder transitions. Second, business models could be considered 
mediating devices between the technological niche and the socio-technical 
regime. In this case, business models could support the breakthrough of 
technological innovation from the niche to the regime level and therefore be 
a key driver of transition. Finally, novel business models could be seen as non-
technological niche innovations that could facilitate transition by constituting 
a substantial part of a new regime supporting different types of technology 
innovations.  

Although the literature has stressed that business models have a critical role 
in enabling sustainable transitions, few studies actually present examples of 
successful new business models. One of the most prominent case studies in 
the literature on business models for sustainability is the company Better 
Place, which developed a business model that removed the main barrier to 
adopting electric vehicles, namely, slow battery charging (Johnson and 
Suskewicz, 2009; Boons and Lüdeke-Freund, 2013). By adopting a battery 
swapping system and selling transportation (e.g., charging a fee per kilometer, 
including the battery, network service, and electricity costs) instead of cars, 
Better Place resolved the technical and economic barriers that batteries 
imposed (Christensen et al., 2012). However, despite being deployed in a 
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supportive context (i.e., Denmark and Israel), Better Place failed to attract 
sufficient users and recently went bankrupt (Noel and Sovacool, 2016). One 
reason for this was that Better Place had failed to entice car manufacturers 
(except Renault-Nissan) to adopt their technology, infrastructure, and 
business models to its standardized, proprietary interface (Olleros, 2017).  

This is a case in which an innovative business model coupled to a sustainable 
technology was not enough to achieve market success, leading to transition 
failure (Noel and Sovacool, 2016). Christensen et al. (2012) argued that this 
means that “some of the more optimistic expectations for business model 
innovation may need to be tempered by an understanding of how, in 
particular sectors or areas of activity, the barriers to change are truly 
formidable” (p. 7). One way of doing this is to move beyond the notion of a 
business model as a snapshot at a specific time (Osterwalder et al., 2005), and 
instead consider the broader interaction between business models and socio-
technical change over time (cf. Bidmon and Knab, 2018). 

2.3. Framework for analyzing niche activities 
In the field of road transportation, transition toward alternative technologies 
to replace the gas and diesel regime, such as ERS, is necessary in order to 
achieve the sustainability goals of policy makers (IEA, 2017a). This requires 
changes in the established socio-technical system when it comes to, for 
example, technology, infrastructure, regulations, user practices, and the actor 
network (Geels, 2012). Furthermore, scholars have recently emphasized that 
socio-technical change could be hindered by established business models 
(Wells and Niewenhuis, 2012) and that new business models are necessary in 
order to unlock the economic value of alternative technologies (Boons and 
Lüdeke-Freund, 2013). Therefore, the aim of this thesis is to analyze the 
relationship between socio-technical change and business models, as this 
could improve our understanding of what hinders or enables transitions. 
However, one issue is how to analyze this relationship ex ante, that is, before 
the transition has taken place and before viable business models are 
observable on the market. 

This section proposes a theoretical/analytical framework incorporating three 
different perspectives—a temporal, structural, and actor perspective—for 
analyzing the relationship between business models and socio-technical 
change in niche activities. The framework is intended to address the research 
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gaps presented in the introduction (p. 6.), as existing theory treats business 
models from a static perspective (e.g., Osterwalder et al., 2005), associates 
them with non-systemic innovation (cf. Wainstein and Bumpus, 2016), and 
analyzes them mainly from a firm perspective (e.g., Bohnsack et al., 2014). 
The framework will be used to analyze and synthesize the appended papers, 
thereby giving answers to the research question. 

2.3.1. The temporal perspective 
As described, the role of business models has been paid increasing attention 
in the transition literature. Most studies assume a static perspective and treat 
business models as snapshots at given points in time (Mason and Spring, 
2011), identifying archetypes that may facilitate transition for sustainable 
technologies from the niche to regime level (Bocken et al., 2014; Bohnsack et 
al., 2014). However, as Teece (2010) put it, “the right business model is rarely 
apparent early on in emerging industries” (p. 187). Accordingly, Bidmon and 
Knab (2018) have called for further exploration of the interrelations and co-
evolution between the different roles of business models from a temporal 
perspective, for example, by studying “which of the three roles of business 
models dominated in which phase of a transition” (Bidmon and Knab, 2018, 
p. 34).  

Socio-technical transitions can be distinguished as having four phases (see 
Fig. 2), according to Rotmans et al. (2001). First, the predevelopment phase occurs 
in technological niches in the context of the conventional technical system. 
Second, in the takeoff phase, the new technology improves according to a 
technical trajectory and is used in small market niches. Many alternative 
technologies that require infrastructure investments often fail to become 
commercialized in this phase, perishing in the valley of death (cf. Smith and 
Raven, 2012; Hellsmark et al., 2016). Third, in the acceleration phase, the new 
technology spreads rapidly into bridging and mainstream markets and 
competes with the established technology (cf. Andersson and Jacobsson, 
2000). Lastly, the stabilization phase, which is influenced by the wider landscape 
level, is characterized by a regime shift from the old to the new technological 
system as the innovation is enacted on mass markets (Rotmans et al., 2001; 
Geels, 2005). The focus of this thesis and framework is on the early phases 
of transition, comprising the predevelopment and the takeoff phases (e.g., 
ERS activities in the technological niche are preparing for takeoff and for 
deployment in niche markets). 
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Fig. 2. The four phases of transition (Rotmans et al., 2001).  

The literature on strategic niche management (SNM) has focused on these 
early phases of transition. To facilitate the improvement of novel technologies 
that could be regarded as “hopeful monstrosities” (Mokyr, 1990), SNM 
scholars propose the creation of protected spaces shielded from the 
mainstream commercial selection environment, thereby allowing for 
experimentation (Kemp et al., 1998; Hoogma, 2002; Van der Laak et al., 2007; 
Schot and Geels, 2008; Nill and Kemp, 2009). The financing of R&D 
programs, pilot projects, and demonstration projects are the most discussed 
empirical examples of such niche experiments (Hoogma, 2002; Caniels and 
Romijn, 2008). SNM has been called a linear and technology-push approach 
in the transition literature, which describes how novel technologies are 
expected to emerge in technological niches, then conquer market niches, and 
eventually lead to socio-technical transition or regime shifts (see Fig. 3) (Schot 
and Geels, 2008). However, early studies noted that the process leading from 
experiment to transition was more complicated than this, as many 
experiments were considered failures and treated as relatively isolated projects 
(Hoogma, 2002).  

Later SNM studies found that even if a niche project failed, it could contribute 
lessons learned and feedback to the overall niche development. In other 
words, the emergence of the global niche level is impelled by local projects 
that experiment with alternative socio-technical configurations. Hence, the 
development of an emerging technological trajectory could take place on the 
global and local niche levels simultaneously (Geels and Raven, 2006, p. 379). 

Because transitions are multi-dimensional with different dynamic layers, several
developments must come together in several domains for a transition to occur.To use a
mechanical metaphor, all social phenomena have an impulse value for transitions,but only
some provide a flywheel force.

At the conceptual level,we can distinguish four different transition phases (see Figure 2):

· A predevelopment phase of dynamic equilibrium where the status quo does not visibly
change.

· A take-off phase where the process of change gets under way because the state of the
system begins to shift.

· A breakthrough phase where visible structural changes take place through an
accumulation of socio-cultural, economic, ecological and institutional changes that
react to each other. During the acceleration phase, there are collective learning
processes, diffusion and embedding processes.

· A stabilization phase where the speed of social change decreases and a new dynamic
equilibrium is reached.

Different social processes come into play during the various phases. It is also important
to realize that fundamental changes do not necessarily occur in all the domains at the
same time.

It should be noted that the concepts of speed and acceleration are relative: all
transitions contain periods of slow and fast development. Nor is a transition usually a
quick change, but a gradual, continuous process typically spanning at least one
generation (25 years). Because the established equilibrium involves stability and inertia,
a transition also implies a fundamental change of assumptions and the introduction of
new practices and rules.This can be accelerated by unexpected or one-off events: for
example, war, large accidents (eg Chernobyl) or an oil crisis.

Integrated systems and the evolutionary approach

If we examine the phenomenon of transition from the point of view of a system, we
see a transformation from slow dynamics to quick development and instability, reverting
to relative stability.The new equilibrium is a dynamic equilibrium, ie there is no status
quo, because a lot is changing under the surface.Transitions are characterized by strong,
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Figure 2  The four phases of transition
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However, since most empirical studies treat projects as isolated experiments, 
there is a need for research that explores the “mechanisms that make 
sequences of projects gel into niche development” (Schot and Geels, 2008, p. 
8).  

 
Fig. 3. Technology diffusion from technological niches to a regime shift 
(Geels and Schot, 2008). 

One way of responding to this need is to investigate different niche projects 
that belong to the same technological trajectory, instead of comparing 
projects from different niches. Different types of niche activities are often 
cited in the literature, such as pilot projects, demonstration projects, and 
deployment (Sushandoyo and Magnusson, 2014; Hellsmark et al., 2016; 
Fevolden et al., 2017). From a temporal perspective, these projects could 
differ in terms of their duration and the phase to which they correlate. Pilot 
projects and demonstration projects both belong to the predevelopment 
phase. They are temporary projects that often receive public financing in 
order to improve a potentially sustainable technology. Deployment projects 
belong to the takeoff phase in which the technology seeks commercial 
success. Deployment projects seek to compete with established technology 
and to change the established socio-technical configuration.  

Scrutinizing niche activities that belong to the same niche from a temporal 
perspective could improve our understanding of how the role of the business 
model changes during early phases of transition. 

2.3.2. The structural perspective 
When it comes to the business models studied in the transition literature, 
many studies focus on niche technologies that require alternative socio-
technical systems for their deployment. However, the empirical analysis in 
these studies is often limited to a single product or service aspect, while, for 
example, the systemic aspect of the socio-technical system on which niche 
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technologies depend for wider deployment is often neglected, particularly 
when it comes to infrastructure transformation (Girodano, 2015). Hence, 
business models are either treated as non-technological innovations or 
associated with certain technologies or products (Sarasini and Linder, 2017). 
Whether or not infrastructure transformation is part of the business model 
analysis depends on how empirical studies define the system boundaries of 
the innovation in focus (i.e., what the unit of analysis is) (cf. Markard and 
Truffer, 2008; Coenen and López, 2010). To better understand the barriers to 
business model innovation in the interest of systemic innovation (cf. 
Christensen et al., 2012), it is therefore important that empirical studies of 
technological niches define the system boundaries, system levels, and 
interfaces between the system levels. 

Systems are usually conceptualized from two perspectives in the literature on 
innovation—i.e., the product and the context in which it is used— generating 
two different units of analysis. First, the product (e.g., vehicles) can be seen 
as a complex technological system consisting of several subsystems that 
comprise multiple components (Tushman and Rosenkopf, 1992) and that are 
connected and interact through interfaces (Ulrich, 1995). Technological 
change at the component or subsystem level makes it difficult for incumbent 
firms to manage their product architecture (Henderson and Clark, 1990). For 
example, in their study of the market introduction of hybrid-electric buses, 
Sushandoyo and Magnusson (2014) defined vehicles at the system level. 
Therefore, they considered hybrid-electric technologies to constitute 
technological change at the subsystem/component level of the 
powertrain/engine (e.g., integrating a battery, electric engine, control unit, and 
converter). Meanwhile, at the system level of transportation, the role of trucks 
remained unchanged. The business challenge in this context is for firms to 
make the technology attractive to users under certain regulatory conditions 
(cf. Bohnsack et al., 2014).  

Second, the product can also be conceptualized as a subsystem of the wider 
technical system, which in this thesis is defined as the socio-technical system 
(cf. Kemp, 1994). Hence, the hierarchical levels of analysis are referred to as 
the socio-technical system, the subsystem, and the component (Hobday et al., 
2005). The subsystems and components of the system are interdependent and 
together perform the functionality of the system. If one component is not 
fully developed relative to other components in the system, it could be 
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defined as a reverse salient that prevents the system from further realizing its 
objectives (Hughes, 1983). The reverse salient concept often refers to 
technical components and artifacts, for example, the direct-current electric 
system (with two wires) that limited transmission distances (and was 
improved by Thomas Edison who introduced a three-wire system) (Hughes, 
1987) or the personal computer (PC) game subsystem that held back the 
technical performance of PCs (Dedehayir and Mäkinen, 2011). The business 
challenge in this context is to find a business case for the system that generates 
sufficient infrastructure investments. From a structural perspective, it is more 
complex to analyze the role of business models when a new socio-technical 
system rather than a new product or technology is being commercialized 
(Foxon et al., 2015).  

Following the sustainable transition discourse implies that innovations that 
require alternative socio-technical configurations face high barriers to 
commercialization since they do not fit the socio-technical configuration of 
the regime (e.g., Dijk et al., 2013). The regime is characterized by a high level 
of structuration, which means that the various subsystems are highly 
interrelated and characterized by technological lock-ins. They are described 
as path dependent and therefore include selection pressure mechanisms that 
support incremental innovations, which reproduce the stability of the system 
while rejecting radical innovation that would transform the system (Rip and 
Kemp, 1998). 

In contrast to the regime level, the niche level described in the MLP 
framework is characterized as protected spaces and conceptualized as having 
less structuration (Geels and Schot, 2007). This means that there are fewer 
performance criteria, which offers opportunities for trial and error with 
radical innovation. Thanks to this lower structuration, socio-technical 
experimentation can take place, which could be defined as “initiatives that 
embody a highly novel socio-technical configuration likely to lead to 
substantial sustainability gains” (Berkhout et al., 2010).  

In the early phases of socio-technical transitions, niche innovations can 
mature and reach a high degree of structuration, which eventually may allow 
them to compete with the established regime and contribute to socio-
technical change (Geels, 2005). Hence, there is a trade-off between the degree 
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of protection and the selection pressure from the regime (Schot and Geels, 
2008).  

First, innovations developed in pilot projects have the lowest degree of 
structuration. Here, niche innovations can be developed and tested, without 
deploying the broader socio-technical configuration on which they depend. 
These projects receive a high degree of protection, for example, through 
internal or public funding, and are subject to low selection pressure from the 
regime. In pilot projects, there are mainly first-order learning activities, for 
example, about how to improve the design of technology (Hoogma, 2002).  

Second, in demonstration projects, niche innovations develop a higher degree 
of structuration as they embrace experimentation with alternative socio-
technical configurations. These projects also require a high degree of 
protection from the regime’s selection pressure. In these projects, second-
order learning activities take place, for example, concerning users, technology, 
infrastructure, and governmental regulations (Hoogma, 2002). Second-order 
learning also involves reflecting on and questioning the underlying 
assumptions that frame the socio-technical configuration and are therefore 
important in order to achieve socio-technical change.  

Third, in deployment projects, in which innovations could take off in niche 
markets, the alternative socio-technical system has acquired an even higher 
degree of structuration (Hellsmark, 2016; cf. Sagar and Galagher, 2004). In 
this phase, the alternative socio-technical system competes with the 
established regime. This sort of niche project receives less protection and is 
exposed to selection pressure from the established regime. Combined with 
strong landscape pressure on the regime, a window of opportunity can be 
opened that can lead to socio-technical change (e.g., Geels and Schot, 2007).  

2.3.3. The actor perspective 
In the transition literature, actors are understood to produce and reproduce 
the elements of a socio-technical system, guided by the deep rules and 
structure of the socio-technical regime (e.g., Geels, 2002). For a system to 
change and adapt to a niche innovation, there is a need for cooperation among 
different actors (Elzen and Wieczorek, 2005). However, such cooperation 
could be difficult to achieve, since actors are heterogeneous (Fischer and 
Newig, 2016) and may develop different strategies depending on their 
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interests and expectations regarding the niche innovation (Bakker et al., 2014). 
While previous transition literature has been criticized for being too focused 
on structure and on macro-development processes (cf. Smith et al., 2005; 
Genus and Coles, 2008), recent studies have explored the role of agency (Farla 
et al., 2012), firm strategies (Bergren et al., 2015), and business models in 
transition (Boons and Lüdeke-Freund, 2013; Sarasini and Linder, 2017).  

The business model literature has typically neglected the interaction of 
multiple actors and instead has typically applied a focal firm perspective. For 
example, several studies have examined new e-business models by analyzing 
how firms can construct a business model canvas (Osterwalder et al., 2005; 
cf. Zott et al., 2011), while other studies have focused on how firms develop 
new business models to enable the commercialization of previously 
unprofitable technology (Chesbrough, 2002). Since transition processes are 
dependent on the cooperation between various actors, there have been recent 
calls to study business models by analyzing actor interaction in niche projects 
(Bidmon and Knab, 2018). Thereby, business models are assumed to cross 
firm boundaries (Zott and Amit, 2010) and form the architecture of a business 
ecosystem (cf. Hellström et al., 2015; Hackling et al., 2017).  

 
Fig. 4. Analyzing socio-technical change and business models in terms of the 
interaction between different actors.  

Based on previous transition studies within the field of transportation, the 
following three categories of actors will be described below: policy makers, 
subsystem suppliers, and system users (see Fig. 5) (cf. Dijk et al., 2016, who 
used policymakers, firms, and users; Sushandoyo and Magnusson, 2014, who 
used policymakers, manufacturers, and users; and Binz et al., 2016, who used 
regulators, engineers, and users). Furthermore, certain business challenges 
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facing each actor are mentioned in connection with the commercialization of 
an alternative socio-technical system.  

Infrastructure networks tend to be natural monopolies due to their physical 
and economic character and are therefore subject to influence by policy makers, 
for example, through regulation or public ownership (Graham and Marvin, 
2001; Bolton and Foxon, 2015). Existing infrastructure usually embodies 
vested interests and sunk costs and is typically considered a main barrier to 
sustainable transitions (Loorbach et al., 2010; Steinhilber et al., 2013). 
However, a growing need to reinvest in existing infrastructure and to mitigate 
the negative environmental impacts of infrastructure services has created a 
window of opportunity for sustainable technologies that require alternative 
infrastructure (Giordano, 2015). Alternative infrastructure is problematic and 
risky to invest in since it requires large initial capital investments while initially 
being characterized by low utilization and load. Moreover, there is a large risk 
of picking the wrong winner among new technologies and thus a new lock-in 
effect in infrastructure (Markard, 2011). To manage such investment risks, 
policy makers could decide how to finance new infrastructure, for example, 
through fully public, private–public, and fully private business models (see 
Fig. 5) (Gannon, 2004; Mackie and Smith, 2007). To analyze the role of 
business models in the early phases of sustainable transitions, policy makers 
are therefore considered in this study. 

 
Fig. 5. Business models for infrastructure (Mackie and Smith, 2007). 

In the context of sustainable transitions, two important subsystem suppliers are 
incumbent firms and new entrants. Sustainable technologies are often 
disruptive of the dominant technology and competence destroying for 
incumbent firms (Wesseling et al., 2014). When confronted by such 
technology shifts, core competences can become core rigidities (Leonard-
Barton, 1992; Tripsas and Gavetti, 2000). However, Christensen (2006) noted 
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that the main problem with disruptive innovation is not the technology itself 
but rather that it does not fit established business models. New entrants (that 
act as niche advocates) are therefore assumed to play an important role as 
suppliers for new subsystems in developing sustainable technologies, since 
they are not locked into technologies that are dependent on the use of fossil 
fuels (Christensen et al., 2012). However, new entrants also face difficulties in 
commercializing new technology because the technology is incompatible with 
the other subsystems and related interfaces (Noel and Sovacool, 2016). 
Hence, a potential transition to a more sustainable socio-technical system 
creates business challenges for both incumbent firms and new entrants.  

System users are actors that use and utilize the socio-technical system and could 
be consumers or firms (cf. Schot et al., 2016). Users tend to be skeptical when 
it comes to perceptions of the reliability, performance, and convenience of 
the alternative technology (Anderson and Tushman, 1990). A sustainable 
technology that offers only environmental benefits is seldom sufficient to 
raise user acceptance, since new technology is often associated with financial 
barriers and higher uncertainties than is the established technology (Arrow, 
1966; Jaffe et al., 2005). User acceptance can be raised through innovative 
business models and through policy incentives promoting the new 
technology. Market demand for sustainable technologies could also be created 
through tougher environmental regulation that makes established technology 
more costly or unfeasible. In the early phases of transition, it is therefore 
crucial to emphasize the added value that motivates investments in the new 
technology. For firms trying to commercialize sustainable technologies, the 
challenge is to find suitable business cases in which the new technology can 
fulfill user demands, from both the economic and environmental points of 
view (Loorbach and Weisman, 2013). 

To summarize, these sections have presented a framework for analyzing the 
relationship between business models and socio-technical change in niche 
activities. While the framework will be used in the synthesis chapter to analyze 
the potential transition toward ERS, it might also be useful for analyzing 
similar cases in other fields that involve the early phases of transition (i.e., 
preparing for commercial takeoff), systemic innovation, and multi-actor 
interactions.   
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3. Research context 
This chapter describes the characteristics of the freight sector and the motivation for 
developing ERS. It also defines ERS as an alternative socio-technical system and describes 
how Sweden became a leader in developing this technological niche, in which the main case 
study was conducted.  

3.1. Heavy-duty truck industry and freight sector 
The road transportation of goods and people is crucial for economic 
development and complements other freight modes (e.g., rail, ship, and air 
transport). The main advantages of road transportation are flexibility, high 
capacity, and relatively low cost. Trucks are commercial vehicles, sold to 
commercial customers such as haulage and logistics firms; the vehicles are 
expected to be durable and reliable and are designed for tough conditions. 
Although trucks can differ in subtle details, such as external appearance and 
interior cab design, the basic purpose of the truck is to transport goods as 
efficiently as possible. From a haulage company’s perspective, when buying 
trucks, the total cost of ownership is one of the most significant 
considerations, with fuel economy being one of the main cost drivers.  

The main value-added technology of premium truck manufacturers, such as 
Scania and Volvo, is related to components such as the internal combustion 
engine (ICE), transmission, chassis, and cab. The chassis is important in 
making the vehicle robust and adaptable to different applications, while the 
cab is important for driver safety, comfort, and productivity. However, the 
ICE, which together with the transmission technology defines powertrain 
features and vehicle performance, constitutes the primary technical core 
component of the vehicle.  

Since approximately 95% of transport fuels (e.g., diesel) are derived from 
crude oil and used in ICEs, the road transport sector faces profound 
difficulties in switching to a more sustainable energy source (Mathiesen et al., 
2008). In total, road transportation consumed 44% of all oil in the world in 
2015, with the freight sector (long-haul trucks that weigh over 15 tonnes and 
usually traveling over 100,000 km) consuming 26% of this amount (see Fig. 
6). 
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Fig. 6. Oil consumption in different sectors, 2015 (IEA, 2016). 

Since oil consumption in the passenger vehicle sector has begun to level out 
and in some industrial countries has even decreased (e.g., due to more 
efficient cars, alternative fuels, and hybrid powertrains), the attention of policy 
makers has shifted to the freight sector. There are three main concerns 
regarding oil dependency from the policy level. The first concern is related to 
climate change and greenhouse gas (e.g., CO2) emissions, caused by the 
consumption of oil. The second concern is related to public health and air 
pollution (e.g., NOx and particulate matter), primarily caused by the 
consumption of diesel. The third concern is related to energy security (since 
many oil resources are located in politically unstable areas) and the related 
need to diversify energy supply in the transportation sector.  

Activities in the freight sector are closely connected to economic growth in 
general. As a consequence of the growth experienced by emerging and 
developing countries (primarily China and India), oil consumption has 
increased in recent years, even though trucks and diesel engine technology 
have become more efficient. More importantly, future economic and 
population growth is projected to increase oil consumption in the freight 
sector tremendously, even taking efficiency measures into account (see Fig. 7 
for a projected 2015–2050 scenario).  
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fuel demand primarily takes the form of petroleum-derived fuels, which account for more than 
97% of sectoral final energy. This makes road freight transport an important contributor to global 
oil demand growth: since 2000, oil use from road freight vehicles has grown by nearly 6 million 
barrel per day (mb/d) to close to 17 mb/d in 2015, accounting for more than 35% of the net 
increase in global oil demand over that period. Today, oil demand from global road freight 
transport is roughly equivalent to that of the global industry sector (which is 17 mb/d when 
including feedstocks) and three-quarters the total oil demand from passenger light-duty vehicles 
(PLDVs) (Figure 1). Road freight transport is the primary user of diesel among all energy sectors: 
84% (or 14 mb/d) of all oil products used in the sector are diesel fuels, which means that about 
half of global diesel demand is from road freight transport. Road freight transport alone 
accounted for 80% of the global net increase in diesel demand since 2000. 

Figure 1 • Sectoral consumption of oil in 2015 (mb/d, primary energy) 

* Passenger vehicles include buses and two- and three-wheelers. 

** Includes agriculture, transformation and other non-energy use (mainly bitumen and lubricants). 

Note: The percentages show the shares of oil consumption in 2015. 

Source: IEA (2016a). 

 

The use of gasoline plays a much smaller role in road freight transport and is largely confined to 
light commercial vehicles (LCVs); about two-thirds of gasoline use in road freight vehicles is linked 
to this segment. At 2.6 mb/d, gasoline demand from road freight vehicles constitutes 13% of 
global automotive gasoline demand. The share of gasoline use in road freight oil demand gets 
smaller as the size of the trucks increases. For HFTs, nearly all oil use is diesel-based due to the 
higher energy density of the fuel and the efficiency of diesel engines in heavy-duty applications. 

Among countries, the United States is by some distance the largest market for road freight oil 
use, consuming around 3.3 mb/d of oil-based fuels for road freight transport, about one-fifth of 
the global total. Around 73% of US road freight oil use is diesel. The share of gasoline in Canada, 
Mexico and the United States, which is higher in each of these countries than one-quarter, is 
disproportionally high compared with that of most other industrialised European and Asian 
countries (where the shares range from less than 1% to 23% in Japan), reflecting these countries’ 
large LCV fleets. The European Union uses about 2.1 mb/d (13% of the global total), practically all 
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Fig. 7. Road freight activity (tonne/km) by region, 2015–2050 scenario (IEA, 
2017b). 

In their report on the future of trucks, the International Energy Agency (IEA) 
(2017a) argued that there were three main alternatives for reducing future 
energy demand and emissions growth (Fig. 8). The first is systemic 
improvement, for example, by using digital technologies in the freight 
logistics sector to improve truck utilization and reduce road activity. The 
second alternative is improving vehicle efficiency, for example, by deploying 
technologies in trucks that could reduce the amount of energy used and 
improve fuel economy. The third alternative is to switch from oil-based fuels 
to alternative fuels such as natural gas, biofuels, electricity, and hydrogen. 
Natural gas produces lower local air emissions and has become popular in the 
USA, where shale gas production has boomed. However, natural gas is still a 
fossil fuel and offers limited benefits in terms of climate change. Biofuels have 
demonstrated commercial viability in many countries (especially as a drop-in 
fuel, blended with gasoline or diesel). However, there are limitations on the 
future supply of biofuels and in some cases biofuels have been criticized for 
conflicting with the global food supply (Rosillo-Calle and Johnson, 2010). 
Furthermore, it is uncertain what role biofuels will play in the road sector as 
there might be competition from sectors that are more difficult to 
decarbonize, such as the aviation sector. Depending on how electricity and 
hydrogen fuel are produced, they are considered to have the greatest impact 
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novel or unrecognised operational environments. The task then further evolves to manage single 

or multiple platoons of trucks.  

Figure 27 • Road freight activity by region in the Reference Scenario, 2015-50. 

 

 

Note: ASEAN = Association of Southeast Asian Nations; EU28 = European Union. 

Source: IEA (2017a), Mobility Model, June 2017 version, database and simulation model, www.iea.org/etp/etpmodel/transport/. 

 

As global growth in road freight activity per capita broadly mirrors per capita GDP growth (a 

proxy for rising income levels, see Chapter 1 for a discussion of the drivers of freight activity), 

rapid economic and population growth in emerging and developing economies brings up their 

share of global tonne-kilometres (tkm) from road freight. The contribution of HFTs also increases 

over time. By 2050, three-quarters of global road freight activity is covered by HFTs, up from 63% 

today. This reflects a consolidation of the trucking market in many developing countries, 

accompanied by a shift away from small, individual trucks and companies with only a few 

vehicles towards carriers with larger fleets of bigger trucks. The share of road freight activity 

serviced by MFTs declines from one-third today to only 20% of the total in 2050 as the missions 

of these vehicles narrow in scope and are substituted either by HFTs (in regional and long-haul 

missions) or (only marginally) by LCVs (in urban operations).  

To support such activity growth, the global stock of all trucks grows significantly over today’s 

level in the Reference Scenario (Figure 28). From 2015 to 2050: 

• The HFT stock increases by 2.6-fold to 64 million vehicles. 

• The number of MFTs on the road grows by 60% over its current level, to more than 

50 million vehicles. 

• LCVs increase by 65%, reaching around 220 million vehicles. 
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in moving to a more sustainable freight sector. These fuels potentially 
produce zero emissions at the tailpipe, and take advantage of the higher 
energy efficiency of electric motors (about 95%) compared with ICEs (35–
46%). However, hydrogen has so far achieved no commercial success in the 
road sector.   

 

Fig. 8. Summary of the impact of various alternatives on policy goals (IEA, 
2017a). 

Electrical vehicles, such as the Nissan Leaf and several Tesla models, have 
achieved some recent successes in the passenger road sector, supported by 
government policy (Steinhilber et al., 2013; Bohnsack et al., 2014). 
Contemporary hybrid vehicles, such as the Toyota Prius, combine an ICE, an 
electric engine, and a battery that can recycle and store energy from braking 
to increase energy efficiency. Hybrid trucks and buses are increasingly finding 
commercial business cases (e.g., Sushandoyo and Magnusson, 2014). 
However, due to technological limitations in battery capacity, electric trucks 
are overly expensive, as well as heavy and bulky, which reduces the trucks’ 
cargo capacity. In recent years, however, ERS technology has emerged as a 
serious technological alternative and could resolve the battery challenges 
facing electric trucks (den Boer et al., 2013; IEA, 2017a).  

3.2. Describing ERS  
The ERS can be described as a system of electrified roads supporting dynamic 
power transfer to the vehicles travelling on them (Fig. 9). ERS has the 
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Table 20 • Impact of measures to modernise road freight on the energy system, economy and 
environment 

 

In essence, the Modern Truck Scenario, a long-term vision for modernising road freight transport, 
can have important co-benefits for the achievement of different energy policy goals. Full 
achievement requires a long-term commitment to such modernisation efforts, given the 
fundamental rethinking of road freight that is inherent to some of its elements. These include 
some aspects of systemic improvements and the switch to specific alternative fuels, namely 
electricity and/or hydrogen, capable of decarbonising the segments of the sector where energy 
demand is expected to grow the most (i.e. regional and long-haul operations of HFTs). Its  
long-term achievement rests also on the near-term priorities, the implementation of which can 
facilitate the long-term modernisation of road freight transport. In the following, we first focus 
on the required near-term actions and then elaborate on the various policy tools (and the role of 
different stakeholders) for the long-term modernisation of road freight. 

Policy priorities 

Not all elements of the Modern Truck Scenario are easily implemented. Some fuel and vehicle 
technologies are still at the research, development and demonstration (RD&D) stage. In some 
cases, such as in building electric road system (ERS) or hydrogen production and fuelling 
networks, the required efforts are based on co-operation across multiple stakeholders and policy 
makers. We identify three key enablers that present no-regret opportunities from an energy 
policy perspective, one for each category of potential improvements: 

• Adopting policies targeting vehicle efficiency, including fuel economy standards and 
differentiated taxes on vehicle purchase. The two policies complement each other: the 
former regulatory policy ensures that all new truck sales achieve minimum efficiency 
performance, and the latter fiscal measure favours the best performing models, pushing 
further improvements. For MFTs and HFTs taken together, the fuel use per kilometre of 
new vehicle registrations needs to be progressively reduced by 35%, relative to a 2015 
baseline, by 2035. To achieve this, fuel economy standards for heavy-duty vehicles 
(HDVs) need to be broadened far beyond its current application in only four countries to 
cover all the HDV main vehicle markets. Once heavy-duty fuel economy policies are in 
place, their stringency needs to be successively raised, accounting for cost reductions 
delivered by technological progress. 
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following subsystems: the road, the truck (based on an ERS powertrain), 
power transfer technology, and the power grid and stations. The basic 
principle is to power an electric engine within the vehicle from an external 
power source built into the road infrastructure. The electrical power is 
transmitted while the vehicle is in motion through a pick-up attached to the 
vehicle, as on a trolleybus. The roads would be accessible to both vehicles 
with ERS propulsion and conventional fossil-fuel vehicles. Furthermore, the 
ERS vehicles would be equipped with a small battery and a potentially smaller 
diesel engine (or fuel cell) to allow a flexible system in which vehicles could 
drive outside the electric road network on conventional roads (see Paper 2). 

 

Fig. 9. Integrated subsystems in the electric road system (Tongur and Engwall, 
2014). 

While the basic principle of the ERS is technology for dynamic power transfer 
from road to vehicle, the technological standard for transferring power has 
not been developed yet. Currently, there are three main concepts for 
electrifying the roads: overhead lines, in-road conduction, and in-road 
induction. Each technology has its advantages and disadvantages and is 
developed and marketed by different firms (Appendix 2). Many of these firms 
are from the railway industry and could be considered new entrants to the 
road transportation system.  

There are several ongoing ERS projects around the world intended to 
demonstrate the technological viability, legal framework, and public 
acceptance of ERS (Paper 1). In early ERS deployment, the system will 
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probably be more suitable for closed transportation systems. Unlike open 
ones, closed transportation systems, for example, in the form of bus loops or 
mining transportation with few users, have predictable routes that are 
relatively easy to service and maintain. In open systems, such as regional and 
long-distance transportation, electric roads must be more extensive and cover 
whole regions and, possibly, nations. This assumes a large number of users 
and that the interfaces between various subsystems are standardized across 
regional and international levels.  

3.3. Evolution of ERS in Sweden 
Sweden is a leader in developing knowledge and facilitating industry activity 
regarding ERS technology, for example, having two ongoing demonstration 
projects, additional upcoming demonstration projects, and a planned semi-
commercial deployment project (Trafikverket, 2017). ERS first attracted wide 
public attention in 2009 because of a debate article in the Swedish newspaper 
Svenska Dagbladet (svd.se, 2009). The authors of the article, which described 
the small venture Swedish Electric Roads, presented the idea of electrifying 
highways and trucks, instead of implementing high-speed trains, as a way to 
reduce fossil fuel dependency. The authors believed that electrifying roads 
using overhead line technology would be more environmentally friendly and 
economically viable. Furthermore, the authors argued that overhead line 
technology is well developed and that established road infrastructure could 
be used, therefore reducing investment costs. The article attracted 
considerable attention and intensified development of other technologies for 
electrifying roads and vehicles.  

Swedish truck manufacturers Volvo and Scania responded to the debate on 
electrifying roads with overhead line technology by initiating a pre-study 
exploring other electrification technologies. These firms’ representatives 
argued that, counter to the debate article’s suggestion, it was too early to 
choose a technical standard. Scania and Volvo developed a platform including 
various private and public stakeholders in the transportation system to discuss 
the future standardization of road electrification technology. Scania intended 
to evaluate inductive power transfer jointly with the train company 
Bombardier, while Volvo intended to evaluate conductive power transfer 
from the road jointly with the Swedish venture Elways (Volvo later 
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cooperated with the train company Alstom instead). The pre-study was 
financed by Vinnova (the Swedish Governmental Agency for Innovation 
Systems) at a cost of SEK 1.5 million. 

The Vinnova pre-study demonstrated that both inductive and conductive 
technologies for power transfer from the ground were less developed but 
more promising than overhead line technology because they could potentially 
be applied to passenger vehicles. The pre-study therefore resulted in an 
application for the “Slide-In” research program, to further evaluate these 
technologies. The application was approved and partially financed by the 
Swedish Energy Agency (through the program Fordonsstrategisk forskning 
och innovation—FFI) to the amount of SEK 24 million, and the program 
ended in 2013–2014. The purpose of the Slide-In research program was to 
evaluate different technologies for continuous power transfer from roads. 
Slide-In developed and simulated a scenario for heavy-duty trucks traveling 
on the E4 highway between Göteborg and Stockholm. The program included 
two projects: “Slide-In inductive” with Scania and Bombardier as key 
stakeholders and “Slide-In conductive” with Volvo and the railway company 
Alstom. These projects resulted in pilot tracks in Manheim and Hällerud, 
which demonstrated that the power-transfer technologies were technically 
feasible for truck applications (a 40-tonne truck with 120 kW of dynamic 
power transfer from the electric road to the truck).  

In 2012, the German electrical equipment company Siemens developed and 
presented an ERS concept based on overhead line technology. This came as 
a surprise to many Swedish actors participating in other ERS activities. 
Initially, Siemens had bought two Mercedes trucks, retrofitting them and 
integrating its innovative pantograph, which could automatically connect to 
the overhead line at high speed and release when switching lanes or detecting 
a bridge or tunnel. In the summer of 2012, Siemens collaborated with Scania 
and presented a pantograph-equipped truck on which was written “Sweden 
first with electric roads.” Scania and Siemens later entered into a partnership 
to develop hybrid trucks with the overhead line technology. 

In March 2012, the Minster of Transportation Catarina Elmsäter-Svärd 
ordered the Transport Administration agency to conduct a rapid investigation 
of the possibility of deploying ERS in a 150-km road infrastructure project, 
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linking a new mine in Pajala and a train distribution center in Svappavara 
(Nyteknik.se). The motivation was that building a railway was deemed too 
expensive, costing about SEK 10 billion, and too slow to construct, while 
implementing ERS was expected to cost about SEK 1.5 billion (plus SEK 1 
billion to strengthen the roads to support the heavy trucks) and could rapidly 
meet the urgent infrastructure needs of the mining company. The Transport 
Administration promoted the catenary ERS concept, since it was deemed a 
more mature technology than alternative ERS concepts, and suggested 
deploying ERS in three steps: developing a demonstration site, developing a 
business case, and deploying the system through funding commitments from 
both public and private actors (Trafikverket, 2012). Later, this project failed 
because the mining company, Northlands Resources, filed for bankruptcy.  

The Forum for Transport Innovation (www.transportinnovation.se) was a 
network led by the Swedish Energy Agency and Vinnova, gathering actors 
concerned with ERS development. These key actors developed a roadmap 
and vision for Sweden’s role in ERS. The roadmap was used to influence 
transportation policies in Sweden (e.g., the FFI study) and future 
standardization discussions in the EU. For example, the work of the Forum 
led to the following statement from the Swedish government:  

The Transport Administration should take into account that ERS 
could ultimately contribute to a more efficient transportation system 
with less environmental impact that meets future transportation 
needs with minimal infrastructure investments. The Transport 
Administration will propose how a demonstration plant could be 
built and funded through collaboration between stakeholders in 
industry, academia, and government. (Regeringen.se, 2012, p. 23, 
author’s translation) 

During the spring of 2012, the Swedish Transport Administration, together 
with the Swedish Governmental Agency for Innovation Systems 
(VINNOVA) and the Swedish Energy Agency, announced an upcoming pre-
commercial procurement (PCP) of three ERS applications: technical 
verification of the ERS concept; demonstration of ERS in a realistic road 
environment; and demonstration of ERS in an actual transportation task in 
the transport system where it is commercially viable (Trafikverket, 2016). By 
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conducting several demonstration projects in real application environments, 
the agencies hoped to advance the feasibility of the technology and develop 
appropriate business models. Developing ERS was seen as an important step 
in managing the transition to a fossil-fuel-independent transportation system 
up to 2030, and the sector was seen as having great potential for future 
exports. The overall purpose was to generate a knowledge base for decisions 
on large-scale investment in and deployment of ERS in the national highway 
system. The PCP had a budget of SEK 120 million and was the largest ever 
PCP conducted in Europe (Trafikverket, 2013).  

In the PCP, 11 suppliers expressed interest in developing the ERS 
demonstration in the first phase; four of these suppliers were selected to make 
a detailed project description of the demonstration site. In the end, two 
demonstration sites and suppliers were selected: E-road Arlanda with 
conductive rail technology developed by Elways, and Elväg Gävle with 
conductive overhead line technology developed by Siemens. The Gävle 
project was inaugurated on 22 June 2016 by the Swedish ministers of 
transportation and energy as well as by directors of the Transport 
Administration, Vinnova, and Energy Agency. The Arlanda project is under 
construction and expected to be inaugurated on 11 April 2018.  

In January 2017, Swedish Prime Minister Stefan Löfvén and German 
Chancellor Angela Merker announced an innovation partnership between 
Sweden and Germany to develop ERS (Fig. 11). One point of the partnership 
is to strengthen cooperation between the countries by giving them access to 
each other’s demonstration projects. Furthermore, the two countries 
announced that they would jointly study the potential deployment of ERS in 
a highway corridor linking Sweden and Germany: 

Sweden and Germany will conduct a study of ERS that will focus on 
aspects such as funding, business models, and the operation of the 
electric road. The technology for ERS is still new and needs to be 
further developed. Through a partnership between two countries 
with different conditions, faster technology development can take 
place (Regeringen.se, 2017, author’s translation). 
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Fig. 11. Angela Merkel and Stefan Löfven discuss ERS cooperation with 
CEOs of Scania and Siemens (Scania.com, 2017). 

In 2017, the Transport Administration developed a national roadmap for ERS 
(Trafikverket, 2017) that recommended further development activities. Since 
then, a second PCP project has been announced, for conducting one or two 
additional demonstration projects in addition to the ones at Gävle and 
Arlanda. The aim is to increase the maturity and technological readiness of 
other technologies, such as inductive power-transfer technology. 
Furthermore, there are preparations to conduct a larger, 20–30-km semi-
commercial deployment project using the catenary technology (which has 
reached a high maturity level). While the plan is to contribute SEK 600 million 
in public funding, this funding has not yet been secured by the authorities.  

On 14–15 June 2017, the 1st Electric Road Systems Conference was held in 
Sandviken, Sweden. This international conference was organized by the 
Swedish research and innovation platform for electric roads and gathered 
firms, policy makers, and academics. 
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4. Research approach and methodology 
This chapter presents the research design, the research process that influenced the direction 
of this thesis, the methodology of the case studies, and several methodological considerations.  

4.1. Overall research approach  
This thesis explores the relationship between business models and socio-
technical change, focusing on the development of ERS. The research was 
explorative in that it started with an empirical phenomenon (i.e., the potential 
transition to ERS) rather than theoretical constructs (Yin, 2008). The idea was 
to identify empirical patterns and reflect on them in light of existing literature, 
in order to identify new issues for future research (cf. Glaser and Strauss, 
1967). The aim was to advance the development of new theory on the role of 
business models in sustainable transitions, rather than to verify and test 
established theory (cf. Eisenhardt and Graebner, 2007).  

The backbone of this thesis is four appended papers based on two case 
studies. The initial study, Study A, was a longitudinal study conducted in 
Sweden between 2010 and 2017. It examined the development of ERS 
through various activities, such as pilot projects, a firm study, collaboration 
between various actors engaged in developing ERS, and demonstration 
projects. The second study, Study B, was an in-depth case study conducted in 
Los Angeles, CA, USA, over three months in 2014. It investigated the 
development of ERS through a demonstration project and a deployment 
project. Table 1 illustrates how the two studies relate to the four appended 
papers.  

Table 1. Connections between the studies and appended papers. 

 Paper 1 Paper 2 Paper 3 Paper 4 

Study A C C C  

Study B C  C C 

 

The four papers each explore different aspects of the research question 
presented in this cover essay. The findings of the papers will then be 
synthesized below, by analyzing them from the temporal, structural, and actor 
perspectives.  
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4.2. Research process 
To understand the decisions that led to the research direction, in the following 
sections I present the research process that gave rise to them. This also 
provides rationales for why other aspects related to the theoretical and 
empirical phenomena are outside of the scope of this thesis.  

This research was initiated in the spring of 2010 when I was contracted as a 
research consultant (from KTH Executive School) by the hybrid 
development unit at Scania. The mission was to collaborate with AB Volvo 
in a pre-study identifying various technologies for electrifying trucks through 
dynamic power transfer from road to vehicle. At that time, Scania and Volvo 
were engaged in development and commercialization activities for hybridizing 
buses, and were competing using different technical solutions on the market 
(e.g., parallel vs. series hybrids; cf. Sushandoyo and Magnusson, 2014). Fully 
electrified trucks were then seen as unfeasible due to the insufficient capacity 
of batteries. Technologies for electrifying trucks and roads were therefore 
seen as an alternative that warranted further research in a “pre-competition” 
phase between Scania and Volvo. The pre-study led to the Slide-In research 
project, co-financed by the Swedish Energy Agency, to evaluate and develop 
different technologies for dynamic power transfer from road to vehicle. 

The initial phase of the Slide-In project was characterized by competition 
between different actors and technologies (i.e., overhead line vs. inroad 
conductive and inductive power transfer). While these technologies were 
technologically different, they all contested the established technologies in 
similar ways, for example, in how they challenged the powertrain of the 
vehicles as well as the road and fueling infrastructure. Since there was a lack 
of appropriate terminology with which to refer to these technologies, I 
defined these different technologies as all belonging to the technological 
trajectory of the electric road system (ERS), inspired by Dosi’s (1982) 
technological trajectory concept. Therefore, I described ERS as an alternative 
transportation system and as the empirical phenomenon of interest in this 
research. 

This research initially received SEK 1 million in funding from the Energy 
Agency to study business models in the Slide-In project. However, after 
conducting observations of several Slide-In meetings and interviewing 
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various stakeholders, I found that there was a mismatch between how the 
term “business model” was used in the literature and by the actors. In the 
literature, the most recognized business model framework is Osterwalder’s 
(2004) business model canvas, which allows a focal firm to develop and 
visualize different business model elements (mostly in the context of e-
business). This did not fit the ERS case, which was dependent on subsystems 
from several different companies, rather than a single firm, and also was 
strongly dependent on the policy context. Since the business model concept 
was receiving considerable attention in the literature (e.g., a special 2010 issue 
of Long Range Planning treated business models) as well as from practitioners 
in the empirical projects, I was curious to explore the role of business models 
in this research context.  

In the first three years of my research, I focused on why ERS challenged 
business models from an incumbent firm perspective. Internal discussions at 
Scania’s hybrid unit raised the possibility that failure to manage the new 
technology could result in the next Facit situation (Facit was a world-leading 
company that had failed to survive the shift from mechanical to electronic 
calculators; cf. Sandström, 2010). There was also ongoing discussion in the 
innovation management literature, arguing that technology shifts and 
disruptive innovations were difficult for incumbent firms to manage, not 
because of the new technologies per se, but because they challenge existing 
business models (Christensen, 2006). Since few had investigated the 
interaction between technology shifts and business models in light of ongoing 
empirical examples, I initiated and wrote Paper 2.  

At that time, I faced the decision of whether to study the same theoretical 
phenomenon (i.e., the role of business models in technology shifts from a 
firm perspective) in other empirical contexts, as is recommended to increase 
the generalizability of single-case studies (e.g., Eisenhart, 1989), or to continue 
studying the development of ERS. I decided to continue my studies in the 
ERS area because several aspects were still missing in order to better 
understand the role of business models in a potential transition to ERS. When 
endeavoring to understand the business model challenges of a technology 
shift to ERS, a firm perspective is insufficient.  
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Therefore, instead of finding another empirical case to contrast with ERS, I 
decided to continue studying ERS in a different context, this time in Los 
Angeles. This would increase the validity of the thesis findings by 
contextualizing ERS and examining how the roles of business models in 
sustainable transitions were similar or different between these two contexts 
and use cases (cf. papers 1 and 3). Given this background, the purpose of this 
thesis became that of studying the relationship between socio-technical 
change and business models in the early phases of a potential transition by 
studying the development of ERS.  

4.3. Study A—The development of ERS in Sweden  
Study A was an in-depth longitudinal case study of the development of ERS, 
which is a suitable method for exploratory research aimed at generating new 
knowledge (Yin, 2008), here, of the relationship between sustainable 
transitions and business models. The case study is an appropriate research 
approach for understanding and explaining phenomena that are entirely or 
partly unknown and when there are many different variables and hence 
complex relationships to be studied (Ruane, 2005). The present study was also 
longitudinal, as the data were collected for a long period (i.e., 2010–2017). 
The benefit of this approach was that it allowed in-depth study of a 
contemporary phenomenon in its real-life context (Rubin and Rubin, 2011). 
In case studies, the researcher’s role is to find patterns in all the observations 
of the case, in order to create a wide-ranging view and understanding of the 
studied phenomenon (Miles and Huberman, 1994).  

Because of the long data-gathering period, the present case study considers 
different types of ERS activities. First, the Slide-In project generated an 
understanding of the technological challenges facing ERS technologies and 
of how ERS challenges the interfaces of the established road system.  

Second, I studied how Scania had managed different ERS projects and 
activities by conducting informal observations for two years at their hybrid 
unit, where I spent an average of two full days a month. The observations 
followed internal discussions of the technical and strategic challenges of 
electrifying trucks and buses in general. Furthermore, the observations 
allowed me to study the ERS activities in the natural setting of the truck 
manufacturer. The observations and interviews at Scania were complemented 
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with interviews and informal discussions at Volvo, to strengthen the view of 
the incumbent firms’ challenges and opportunities in this new technological 
and business setting.  

Third, I conducted participant observations of a large number of Slide-In 
project meetings and of activities of the Forum for Transport Innovation. As 
an observer, I followed and documented discussions occurring during the 
meetings and activities. This supplied additional information about how the 
project members related to the ERS activities and to the other stakeholders. 
This also exposed the challenges and opportunities of the proposed 
technology shift from today’s transportation system, highlighting business 
model aspects in their empirical context. I also conducted observations of 
various Slide-In and Forum workshops. During the meetings I aspired to be 
“a fly on the wall” by not interfering in dialogues in order to limit my influence 
on the discussions. Yet on some occasions, I presented preliminary findings 
of the studies, which allowed me to obtain feedback and validation.  

Fourth, I studied the emergence of the pre-commercial procurement (PCP) 
of ERS demonstration projects by participating in Forum activities and other 
activities in which PCP was discussed. I interviewed responsible managers 
from the involved agencies and interviewed suppliers from the Scania and 
Siemens project. Furthermore, I visited the demonstration sites and observed 
seminars involving potential project users. I also analyzed various types of 
documents related to the PCP (e.g., the PCP call, applications, and decision 
justification).  

The interview respondents were selected from participants in the different 
ERS projects and activities (see Appendix 1). Since the respondents were 
involved in different projects/activities, their views complement each other 
and portray different aspects of ERS development. The interviews typically 
lasted 1–2 hours and were semi-structured, based on an interview guide with 
open-ended questions. The questions mainly concerned the challenges and 
opportunities that the respondent saw in ERS regarding the technology shift 
and the firm’s business model. The interviews were broad in scope to capture 
the history of the respondents and their organizations. In most cases, the 
interviews were audio recorded and notes were taken continuously during the 
interview, which enabled analysis, followed by transcription, directly after the 
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interview. The data were then categorized manually (in Excel) into categories 
covering the various subject areas that emerged during the interviews. The 
categories were not predetermined but emerged as the interviews were 
analyzed. As additional interviews were conducted, the categories were 
modified and/or verified in light of the new information.   

To summarize, the collection of empirical material began at the beginning of 
2010 and ended in 2017. The data were collected through interviews, 
observations, document analysis, and monitoring the field internationally. 
The many sources of data enabled triangulation (Denzin and Lincoln, 2000; 
Jack and Raturi, 2006), in which different data sources are compared and 
correlated to one another. Table 2 summarizes the various research activities 
and data sources and illustrates how they relate to the appended papers. 

Table 2. Research activities, Study A.  

Activity 
(time) 

Data 
Source 

Actors Positions Document
ation 

Appen
ded 
papers 

Slide-In 
project 
(2010–
2014) 

18 
interviews 

Truck 
manufacturers 

Managers of 
various 
departments, 
CEO of one firm, 
experts in 
conventional 
technology 

Audio Paper 
2 

10 
interviews 

ERS stakeholders Project managers, 
experts from 
stakeholders 
(excluding truck 
manufacturers) 

Audio 

13 
participant 
observation
s 

Slide-In 
stakeholders  

Project managers, 
department 
management, and 
engineers 

Notes, 
blog, 
occasionall
y extra 
researchers 
who took 
notes 

Firm study 
(2011–
2013) 

Informal 
observation
s (over 25 
documented 
observation
s) 

Truck 
manufacturer 

R&D department 
of one truck 
manufacturer 

Notes and 
blog 

Paper 
2 
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Forum for 
Transport 
Innovation 
for ERS 
(2013–
2015) 

9 participant 
observation
s 

Public agencies, 
truck 
manufacturers, 
energy utility, 
research 
institution, and 
ERS technology 
suppliers 

Managers of ERS 
activities in 
involved 
organizations 

Notes Papers 
1 and 
3 

Pre-
commercial 
procureme
nt for ERS 
demo 
projects 
(2015–
2017) 

7 interviews Public agencies, 
firms involved in 
the demo 
projects 

Project managers 
from the agencies 
and suppliers 

Audio Paper 
3 

Study visits  Demo projects in 
Gävle and 
Arlanda 

 Notes, 
images 

Seminars With agencies 
presenting the 
PCP; at KTH 
with users. 

  

 

4.4. Study B—The development of ERS in Los Angeles  
Study B was an in-depth case study of the planning of the I-710 Long Beach 
Freeway Project in Southern California. Study B was initiated in early 2014, 
in response to a decision and plan to conduct a demonstration project 
featuring Siemens e-Highway technology in Los Angeles. However, since very 
little information about this project was available in Sweden, I traveled to Los 
Angeles to study the development of ERS as a technological alternative and 
to explore the role of business models in that context. The case study design 
was chosen due to the study’s exploratory character, focusing on practical 
attempts and conditions in the project implementing ERS and other zero-
emission (ZE) technologies in road transportation.  

As in most case studies, multiple data sources were used, i.e., interviews, 
observations, and document analysis (see Table 3). A total of 27 interviews 
were conducted from March to June 2014 with representatives of key project 
stakeholders. Twenty-one of the interviews were conducted face to face on 
location with representatives of the Californian stakeholders, four were 
conducted by telephone, and two were conducted face to face with 
representatives of technology suppliers in Europe. All the interviews were 
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carefully documented, either in audio recordings (later transcribed) or written 
notes.  

All interviews were semi-structured, addressing respondent perceptions of 
ZE truck technologies from the technical, business model, and policy 
perspectives. During the study period, the interview guide was successively 
supplemented with more elaborated questions based on issues raised in 
previous interviews, mainly related to the I-710 Project. 

Interview data were complemented with data from written sources, such as 
policy documents, meeting agendas, and project information, allowing 
verification of the derived narrative. In addition, study visits to the Los 
Angeles and Long Beach harbors fostered further insight into the context of 
goods movement and the quest for ZE technologies. The I-710 Long Beach 
Freeway was visited as well. Together, the multiple sources enabled data 
triangulation.  

Table 3. Data sources, Study B (from Tongur and Engwall, 2017).  

Interviews 

Stakeholder role Stakeholders (number of interviews) 

Planning agencies responsible for 
the I-710 project  

Metro (2); Southern Californian Association of 
Government, SCAG (1); Gateway Cities (1); California 
Department of Transportation, Caltrans (1); Port of 
Long Beach (1); Port of Los Angeles (1) 

Environmental and energy 
agencies responsible for the federal 
and state air quality and energy acts 

South Coast Air Quality Management District, AQMD 
(3); Californian Air Resource Board, CARB (1); 
Environmental Protection Agency, EPA (1); California 
Energy Commission, CEC (1) 

Technology providers  

Firms responsible for developing 
and delivering ERS subsystems 

Siemens (3); Volvo (2); South California Edison, SCE 
(2); Transpower (2) 

Community NGOs 

Advocates of communities suffering 
from truck emissions  

National Resource Defense Council, NRDC (1) 

System users 

Trucking companies in the I-710 
corridor affected by a potential 
change in truck technology 

Golden State Express (1); Total Transportation Services 
Inc., TTSI (1) 
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Consultant organizations and 
research experts 

Providing knowledge in the 
technical field of ZE technology 

Gladstein, Neandross and Associates, GNA (2); Metris 
(1); 

UC Berkeley (1); UCLA (1)  

Other sources 

Documentation Policy documents of agencies such as CARB, SCAG, and 
SCAQMD; meeting agendas collected from the I-710 
project website; project information from official and 
unofficial documents 

Study visits ACT Expo, Alternative Clean Transportation 
Conference; guided tour of Port of Los Angeles; the I-
710 Long Beach Freeway 

 
Study B contributed to Papers 1, 3, and 4. The ERS demonstration project in 
Los Angeles was used in the comparative study presented in Paper 3. Paper 4 
was based on the planning of the I-710 project, from the perspective of 
infrastructure and the potential creation of a market niche for ERS. The I-
710 project also provided data on the implications of a system of systems for 
ERS described in paper 1, with multiple types of users and open interfaces.  

4.5. Methodological considerations  
This study examines the relationship between business models and socio-
technical change in the early phases of a transition. Although considered a 
vague concept (Baden-Fuller and Morgan, 2010; Foss and Saebi, 2017), the 
business model can be used as a lens to reveal structures that could improve 
our overall understanding of the sustainable transition phenomenon (e.g., 
Bolton and Hannon, 2016). Meanwhile, I am aware of other applicable 
perspectives that are equally relevant but give different interpretations and 
findings (e.g., in the field of project management, marketing, policy research, 
energy management, and organization studies). Furthermore, the purpose of 
the observations was to understand the development of ERS rather than to 
focus on the behavior of individuals, group dynamics, or cultural differences 
between various actors or between Sweden and Los Angeles. In the following, 
certain methodological considerations are discussed in order to reflect on the 
reliability and generalizability of the findings.  

Reliability is usually associated with the trustworthiness of research and the 
possibility of replicating it (Yin, 2008). Reliability is usually difficult to 
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determine for researchers who deploy qualitative case studies to investigate a 
contemporary phenomenon in its real-life context. While researchers cannot 
be objective under such conditions (Alvesson and Sköldberg, 2009), it is 
important to try to be neutral when conducting interviews and when 
participating, as well when interpreting the data during further analysis, in 
order to remain unbiased (Rubin and Rubin, 2011).  

The quality of this research was enhanced using several different procedures. 
First, the multiple data sources used in the two studies allowed for 
triangulation (Yin, 2008), which increased the validity of the findings. In 
particular, the various observations made in the longitudinal case study, Study 
A, were useful when comparing interviews and documentation; in addition, 
they provided a better understanding of the phenomenon explored in Study 
B. The observations of different types of projects provided valuable insights 
into how various actors discuss and relate to business models in relation to 
socio-technical change. Second, preliminary findings were validated through 
seminars and workshops, which provided opportunities for actors to remark 
on the accuracy of the findings. The insider–outsider method was also useful 
for reflecting on the findings, as the supervisor acted as an outsider when 
discussing my empirical data. Third, reliability was increased by providing 
information about the data collection (see previous sections), by citing direct 
quotations from transcribed interviews in the articles, and by comparing the 
data with findings from the literature (Eisenhardt, 1989). This was also done 
by endeavoring to define the key concepts used in this thesis (e.g., ERS, socio-
technical change, and business models). 

Given the explicit focus on one empirical phenomenon, there are some 
obvious limitations with respect to generalizability (Yin, 2008). While the 
findings could be applicable to studies of the empirical phenomenon of ERS, 
this research has limitations when it comes to making general statements 
applying to other areas. However, by covering an ongoing development 
through case studies, this research gives insight and contributes to theory and 
practice (Flyvbjerg, 2006). Consequently, there is a need to test the findings 
of this study and compare them with those of other case studies to be able to 
draw generalizable conclusions.   
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5. Summary of appended papers 
This thesis is based on the four appended papers, which are presented in this 
chapter. The papers contribute to this cover essay by describing different 
niche activities that are preparing ERS for takeoff. Furthermore, the papers 
develop theoretical/analytical frameworks which improve our understanding 
of processes that take place in the early phases of a potential transition. The 
papers also offer complementing perspectives on the interaction between 
business models and socio-technical change. The authors’ contributions to 
the appended papers are described in Table 4. 

Table 4. Authors’ contributions to the appended papers. 

Appended 
papers 

Order of 
authors 

Authors’ contributions 

Paper 1 Tongur 
and 
Sundelin 

The article was co-written, with Tongur as the main 
contributor. Sundelin contributed the state of the art 
of ERS and the scenario cases, while Tongur 
contributed the introduction, theoretical framework, 
stakeholder analysis, and discussion sections.    

Paper 2 Tongur 
and 
Engwall 

Tongur planned the study, collected and analyzed the 
data, and was the main author. Engwall was the co-
author and contributed extensively to the writing 
process by refining arguments and structuring the 
text to a more academic standard.  

Paper 3 Tongur  Tongur planned the study, collected and analyzed the 
data, and was the sole author of the article.  

Paper 4 Tongur 
and 
Engwall 

Tongur planned the study, collected and analyzed the 
data from Los Angeles, and was the main author. 
Engwall was the co-author and contributed 
extensively to the writing process by refining 
arguments and structuring the text to a more 
academic standard. 
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5.1. Paper 1—The electric road system: Transition from a 
system to a system-of-systems 

Purpose—The purpose of this paper was to explore how an alternative socio-
technical system, such as ERS, can pass through the valley of death and move 
from the technological niche level to niche markets and large-scale 
commercial systems.  

Methodology—The paper explored the state of the art of ERS by mapping 
different international ERS projects. Based on the experience of managing 
(Sundelin) and studying (Tongur) two different ERS projects in different 
applications, two scenarios were presented from the user perspective: one for 
mining operations and one for highway operations. Furthermore, based on 
interviews with stakeholders participating in the Slide-In research project, a 
stakeholder analysis was conducted and validated through workshop 
activities. Finally, the paper combined a system engineering perspective with 
the stakeholder analysis to analyze the two case scenarios and discuss how a 
possible transition to a large-scale commercial deployment of ERS could 
evolve. 

Findings—The findings suggest that an alternative socio-technical system 
could expand in an evolutionary way (i.e., incrementally) from a closed to an 
open system. First, a suitable application is found in which the alternative 
technology could offer a better business case to system users than that of the 
established technology. Such an application will probably be a closed system, 
in which system boundaries are predetermined and there is a single operator 
(user). Closed systems might be conducive for the initial expansion of an 
alternative socio-technical system since there is no need for standardization 
between the subsystems, meaning that different use cases could deploy 
different technological standards in different regions. These projects entail 
high levels of risk (in terms of technology, reliability, and costs) and might 
therefore require public funding in addition to private-sector investments. 
Second, to reduce fossil fuel dependency, ERS or other sustainable 
technologies must be implemented in large-scale systems, such as the highway 
system. These are characterized as open systems that include multiple users 
(e.g., transport operators) and in which no user case (e.g., transport operation) 
could be considered typical. Thus, any large-scale transition to an alternative 
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socio-technical system entails high system complexity requiring 
standardization between the different subsystems’ interfaces as well as 
political involvement.  

Research implications—This paper identifies opportunities for a sustainable 
technology to pass through the valley of death and accomplish a socio-
technical transition. By integrating a system user’s perspective, through the 
use of case scenarios, this paper provides insights into the possible 
deployment of socio-technical systems from technological niches to mass 
markets.  

Originality/value—The paper’s main contribution lies in exploring the 
empirical phenomenon of ERS and the challenges related to this alternative 
socio-technical system. It also discusses the interaction between system 
architecture (closed vs. open system boundaries) and use case scenario 
(mining vs. highway scenario), and discusses the business model implications 
for different stakeholders.  

Contribution to the thesis—One foundation of this thesis is this paper, as it 
describes, by examining empirical scenarios, a possible transition toward ERS 
and how this could take place. It uses the perspective of the policy maker 
(e.g., how to facilitate transition toward ERS), on one hand, and the system 
user (e.g., by defining and exploring different use case scenarios), on the other. 

5.2. Paper 2—The business model dilemma of technology 
shifts 

Purpose—The purpose of this paper was to explore how and why technology 
shifts constitute a business model dilemma for incumbent firms. In this way 
it enquires into the dynamics of the intersection between technology and 
business models.  

Methodology—The paper was based on the Slide-In research project, which 
involved various types of stakeholders. The study applied an inductive 
research approach and data were collected from interviews, participant 
observations, informal observations, document study, and websites. The 
results were validated through workshops. The article applied the perspective 
of two premium truck manufacturers, Volvo and Scania, that risk suffering 
from the classic discontinuous innovation problem. The empirical case was 
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explored from a business model perspective in two steps. First, the current 
business model was described: what are considered the core competence and 
the core value-creating activities, and what is it that the customer values the 
most. Second, we examined how experts in these firms perceive the potential 
effects of a technology shift to ERS. Furthermore, the paper analyzed two 
typical strategies outlined in theory, which would be used in maneuvering 
through the potential technology shift.  

Findings—ERS constitutes a new technological paradigm that could trigger a 
technology shift. The traditional competence advantage of premium truck 
manufacturers—i.e., mastery of the complicated ICE technology and its 
powertrain—could become marginalized and obsolete. In a strategy of 
technology innovation, the value proposition and value capture elements of 
the business model are unclear. In the strategy of servitization, the value 
proposition and value capture elements are well defined in relation to 
customer needs, while the competitive edge of the value creation element is 
uncertain. If this dilemma remains unresolved, it could limit the truck 
manufacturers’ potential to succeed in the new technological paradigm.  

Research implications—While previous research into technology shifts has 
primarily focused on technological changes, this study adds a business model 
perspective to the analysis. It offers fruitful insights into the challenges of an 
incumbent firm facing a technology shift and addressing the uncertainties of 
an ambiguous future. Furthermore, the article illustrates how firms are not by 
definition paralyzed by new technology through their established customers, 
but have the option of preparing an appropriate strategic response. 
Furthermore, it demonstrates that R&D and pilot projects addressing 
potentially radical technological innovation also need to address potential 
systemic changes in the firm’s value proposition and value capture. 

Originality/value—The paper uses the empirical example of ERS to explore 
how and why technology shifts are so difficult to master from a business 
model perspective. It was one of the first studies to do this, as most studies 
of technology shifts have applied a retroactive perspective in analyzing the 
failure of incumbent firms. The paper also integrates the discourses of 
technology innovation strategy and servitization strategy, which have been 
treated separately in previous research. 
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Contribution to the thesis—This paper contributes to the analysis of the 
relationship between business models and socio-technical change in ERS 
pilot projects. It also contributes to the understanding of the role of 
incumbent firms and incumbent business models, which have an important 
role in facilitating or hindering new business models that could enable socio-
technical change. Further, it contributes   

5.3. Paper 3—The empowerment dilemma of niche advocates  
Purpose—The purpose of this paper was to analyze the empowerment 
processes of similar ERS projects in different context and how they may be 
affected by the business model barriers encountered in each project. 

Methodology—The paper was based on a comparative case study in which 
the same phenomena, i.e., the business model barriers in niche projects, were 
explored in two different contexts. The comparative case study was based on 
the findings of two ERS demonstration projects: one in Los Angeles, USA, 
and another in Gävle, Sweden. The two projects were selected as suitable for 
comparison since they had the same niche advocate and technology, i.e., 
Siemens and their ERS catenary technology. The cases were categorized based 
on the business model barriers outlined in the theory section. Finally, the 
cases were compared and analyzed based on the niche empowerment 
processes of “fit and conform” and “stretch and transform.” 

Findings—The two projects have many similarities, making them appropriate 
for comparison. However, the business model barriers of each project differ, 
in turn affecting the empowerment processes used to facilitate a broader 
transition of the socio-technical regime. The analysis showed that the 
technology advocate (Siemens) enacted two different empowerment 
approaches in the two demonstration projects, namely, a fit-and-conform 
process in Gävle and a stretch-and-transform process in Los Angeles.  

Research implications—Through a fit-and-conform strategy, niche advocates 
need to develop business models that make a given technology commercially 
attractive to users, other subsystem suppliers, and financiers investing in 
alternative infrastructure. However, if the technology is deemed commercially 
unviable given the existing selection environment, a fit-and-conform strategy 
lacks incentives to promote a transition toward sustainable technologies. A 
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stretch-and-transform strategy enables the niche advocate to attract sufficient 
funding for the needed alternative infrastructure while developing new 
business models that transform the user market and incumbent industries. 
The paper identifies a dilemma whereby no single niche empowerment 
strategy can overcome the business model barriers; accordingly, niche 
advocates must develop an empowerment strategy that simultaneously 
deploys both strategies. 

Originality/value—The paper analyzes the dynamic interaction between 
business models and niche empowerment. It also addresses the importance 
of analyzing local context to understand how a niche project interacts with 
the regime level.  

Contribution to the thesis— This paper contributes to the analysis of the 
relationship between business models and socio-technical change in ERS 
demonstration projects. This paper also provides insight into the challenges 
and strategies of new entrant, in this case regarded as niche advocates, aiming 
to commercialize sustainable technology  

5.4. Paper 4—Exploring window-of-opportunity dynamics in 
infrastructure transformation 

Purpose—The main purpose of this paper was to examine how infrastructure 
investments could create conditions favoring the commercialization of 
sustainable niche technologies.  

Methodology—The paper was based on a case study of the planning of the 
I-710 Long Beach Freeway project in Southern California. The I-710 project 
was the first in the USA whose environmental impact assessment report 
considered zero-emission technologies, such as ERS, as a way to mitigate 
pollution from trucks. The focus of the paper was to examine practical 
attempts and conditions in the project to implement ZE technology in road 
transportation. The main data source was interviews with various 
stakeholders, creating an understanding of the dynamics of the infrastructure 
transformation and technology selection processes. Based on the literature on 
the MLP framework and infrastructure transformation, a framework was 
designed for discussing how window of opportunity (WOO) dynamics can 
occur during infrastructure transitions. 
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Findings—The paper defines and describes the WOO dynamics in 
infrastructure transformation as occurring in four phases: pre-WOO (inertia 
and stagnation), WOO opening (infrastructure transformation), WOO 
closure (infrastructure transformation), and post-WOO (system renewal or 
transition). The findings illustrate how a WOO was opened thanks to public 
outcry demanding that any infrastructure transformation of the I-710 should 
include ZE technology. ERS was used to validate the characteristics of ZE 
trucks, and of the project planned for ERS infrastructure as an alternative. 
When the WOO closed, ERS was excluded as an alternative in favor of other 
ZE alternatives that did not deviate from the existing infrastructure design. 
The catenary ERS solution entailed high risks for the project in terms of 
financial investments, ownership arrangements, and market incentives. 
Consequently, it was found to deviate too much from the established road 
transportation regime to be conceptualized as viable. 

Research implications—This paper contributes to the transition literature by 
conceptualizing the WOO dynamics of infrastructure transformation and 
illustrates, through a case study, how infrastructure can play a contradictory 
role, acting as a barrier or facilitator depending on the niche empowerment 
processes.  

Originality/value—This study is unusual because it captures the dynamics of 
infrastructure transformation in a project where niche technologies were seen 
as an important part of the future infrastructure design and not only as niche 
activities outside the regime. Furthermore, this paper presents a more 
nuanced concept of WOO, a concept central to the MLP framework but that 
has so far been treated very vaguely.  

Contribution to the thesis— This paper contributes to the analysis of the 
relationship between business models and socio-technical change in an ERS 
deployment project. This paper addresses the policy maker’s perspective on 
ERS and the business model challenges arising when planning for the socio-
technical transition to ERS. While ERS proved to be important to open the 
WOO for ZE technologies, it was abandoned as a solution because of 
business-model-related issues. If potential users consider a radical solution to 
be commercially unattractive, it will be difficult to persuade a sufficient 
number of users to utilize it and to acquire funding for upfront investments.   
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6. Synthesis of the results of the appended papers 
Recent studies have emphasized that business models can play an important 
role in facilitating sustainable transitions. The focus has been on the creation 
of specific business models and on identifying business model innovations 
through case studies of niche experiments (Tukker, 2004; Bocken et al., 2014). 
Such experiments are often treated as isolated cases (cf. Hoogma et al., 2002), 
which could lead to a static view of business models (cf. Hannon, 2012). In 
contrast, few studies have examined the role of business models in emerging 
technological niches, identifying contextual differences within a certain niche 
trajectory, or analyzing how these differences interact with the strategies of 
actors (e.g., Bohnsack et al., 2014; Huijben et al., 2016). To address this lack, 
this thesis has examined the emergence of one technological niche, i.e., ERS, 
in two contexts, i.e., Sweden and the USA, using case study approaches. It 
addresses the call for more research in the SNM area that explores the 
“mechanisms that make sequences of projects gel into niche development” 
(Schot and Geels, 2008, p. 8). 

Empirically, this thesis has concentrated on the potential transition toward 
ERS by studying different activities that have been (partially) funded by policy 
makers and that have formed the ERS trajectory over the 2010–2017 period. 
Given the existing environmental and energy concerns in the transportation 
system in general and the freight sector in particular, the policy of supporting 
these activities is intended to facilitate a transition to a more sustainable 
transportation system. Yet since these technologies do not fit the existing 
regime and have primarily developed thanks to policy incentives rather than 
market demand, it remains uncertain whether these activities will take off and 
achieve commercial success, leading to a sustainable transportation transition. 

To study the relationship between business models and socio-technical 
change, the analysis has focused on defining the early phases of a potential 
transition. The underlying empirical activities identified in the appended 
papers took place in different time periods, regions, and for different 
purposes. Fig. 12 illustrates the different phases of a potential transition 
toward ERS and is inspired by the frameworks of Rotmans et al. (2001), Schot 
and Geels (2008), and Paper 1. Predevelopment activities occurring in the 
technological niche are defined as pilot projects and demonstration projects, 
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while the takeoff activities intended to create a niche market are defined as 
deployment projects. Furthermore, acceleration activities intended to create 
bridging markets are defined as closed systems, and stabilization activities 
intended to diffuse ERS into mainstream markets are defined as open 
systems. Fig. 12 is defined by the level of system readiness, which indicates 
the maturity of the technical system and how well the subsystem components 
and interfaces are developed, and the extent of use, which is based on the 
diffusion of the alternative system. The observed ERS activities have not yet 
resulted in commercial diffusion. Nevertheless, these activities have prepared 
ERS for potential takeoff and could therefore be used to analyze the 
relationship between business models and socio-technical change. 

 
Fig. 12. A potential transition toward ERS (adapted from Tongur and 
Sundelin, 2016). 

Given the urgent need for sustainable transitions, the transition and strategic 
niche management (SNM) literature has been criticized for promoting a 
technology-push approach and for being technologically deterministic (Schot 
and Geels, 2008). It is therefore important to emphasize that Fig. 12 is not 
meant to represent a linear or chronological process according to such a 
technology-push approach (e.g., Geels and Raven, 2006). Rather, the 
technological development process could undergo technological hope, hype, 
and disappointment, as Budde (2015) demonstrated in the case on hydrogen 
and fuel-cell technology. For example, if an alternative socio-technical system 
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is not deemed sufficiently ready by the key stakeholders in a deployment 
project, they could decide to support further pilot and demonstration projects 
or to abandon the ERS niche altogether and instead support other 
technological trajectories. The transition toward ERS therefore represents a 
complex process that includes feedback loops and interactions between the 
activities (cf. Kline and Rosenberg, 1986). 

As noted above, the appended papers have different foci, each contributing 
to a better understanding of the relationship between socio-technical change 
and business models in the early phases of transition. Drawing on the 
framework developed in chapter 2, Table 5 summarizes the temporal, 
structural, and actor perspectives identified in the appended papers.  

Table 5. Synthesis of the appended papers from three perspectives. 

Perspective/ 
paper 

Paper 1 Paper 2 Paper 3 Paper 4 

Temporal 
perspective 

Transition 

Pilot 
projects 

1–2-year 
projects 

Demonstration 
projects 

1–2-year 
projects 

Deployment 
project 

40-year 
investment 

Structural 
perspective 

System of 
systems 

Radical 
innovation 

Socio-technical 
experiment 

Socio-
technical 
change 

Actor 
perspective 

Business 
challenges for 

multiple 
stakeholders; 

scenarios 
from a user 
perspective  

Business 
model 

dilemma of 
incumbent 

firms 

Empowerment 
dilemma of 

new entrants 

Chicken-
and-egg 

dilemma for 
policy 
makers 

 

These aspects will be further explored in the remainder of this synthesis. In 
this way, the research questions about the relationship between business 
models and socio-technical change in various activities in the early phases of 
transition will be addressed.  
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6.1. The relationship between business models and socio-
technical change in ERS pilot projects  

In an attempt to solve the critical problems of electric trucks, new entrants 
such as startups (e.g., Elways and Elonroad), research institutions (e.g., 
KAIST in Korea and Utah State University in the USA), and large 
international firms (e.g., Siemens, Bombardier, and Alstom) are trying to gain 
market share with new ERS technologies (Paper 1). These international firms 
are incumbent firms in the railway industry that initially developed ERS 
technology for railway applications. Given the challenges of fossil fuel 
dependency in the road transportation sector, these firms recognized 
potential business opportunities to diversify and adapt their technology to 
road transportation. 

To test the technical feasibility of their new technologies in automotive 
applications, the new entrants initiated pilot projects in which their 
technologies were integrated in roads and vehicles. The pilot projects 
described in this thesis were mainly based on Slide-In projects, while Siemens’ 
pilot project is briefly mentioned in Paper 3. In the Slide-In case, Bombardier 
developed their inductive Primove technology in a truck application together 
with Scania (i.e., 80-m electric road), and Alstom developed their conductive 
rail technology jointly with Volvo (i.e., 300-m electric road). Siemens, on the 
other hand, initially integrated their catenary technology in two Mercedes 
trucks without collaboration with Mercedes before developing a partnership 
with Scania (i.e., 2-km electric road). Incumbent firms such as Scania and 
Volvo have been engaged in these pilot projects to learn more about ERS 
technologies and how they would affect their domains, for example, at the 
point where energy enters the vehicles. 

From a temporal perspective, the pilot projects could be regarded as 
predevelopment activities that preceded invention activities in the early phase 
of transition (Rotmans et al., 2001). They were temporary and lasted for about 
two years. The Slide-In project received about SEK 24 million in public 
funding (about half of the total budget) and involved various partners, such 
as an electric utility, public agencies, and researchers. The final result of these 
pilot projects was mainly the creation of test tracks on which the technologies 
were evaluated in research environments.  
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From a structural perspective, the actors developed an understanding of how 
ERS would affect the interfaces between the different subsystems, for 
example, between truck and pick-up, pick-up and electric road, and electric 
road and electricity transmission network. The focus was on the technical 
feasibility of the technology rather than the functioning of the socio-technical 
system, which encompasses both the technical and the organizational parts of 
the system (cf. Hoogma, 2002). In other words, suppliers were focused on 
evaluating whether or not the technical system was feasible. Compared with 
the established diesel engine technology, ERS technologies could be 
considered discontinuous innovations that diverge from the existing 
technology trajectory (Paper 2).  

Fig. 13 summarizes the interaction occurring in pilot projects from an actor 
perspective. First, due to policy goals and the need for a sustainable 
transportation transition, new actors identified potential market opportunities 
for alternative technologies. However, since these technologies were driven 
by policy demand rather than market demand, these firm actors applied for 
public funding to mitigate the risks posed by their pilot projects. Policy 
makers offered public funding for these technologies based on socio-
economic estimations rather than on sustainability reasons alone (cf. 
Grontmij, 2010; GNA, 2012). There was no interaction with system users in 
these projects; instead, the projects emphasized first-order learning (Hoogma, 
2002), for example, related to the technical interfaces between the different 
subsystems of the electric road and vehicle. The business models that support 
the alternative socio-technical system were not considered in these projects 
and were not developed or tested.  

 

Fig. 13. Actor interaction in pilot project with alternative technology and 
incumbent business model. 

Alternative technology 
and 

incumbent business model

Subsystem 
suppliers

System 
users

Policy 
makers
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However, Paper 2 demonstrated that the incumbent business models were 
challenged by the alternative technology developed in the pilot projects. A 
transition toward ERS that retained incumbent firm profitability might 
require new business models. In other words, if the ERS niche becomes 
mature at the same time as there is strong landscape pressure that destabilizes 
the regime (e.g., zero emission requirements or diesel engine bans), the role 
of incumbent firms would become uncertain (e.g., Geels and Schot, 2007). 
Other actors might be more suitable to develop appropriate business models 
since they are not restricted by incumbent business models and technologies 
(cf. Tesla’s proposed electric truck, which might eliminate the need for ICE 
powertrains, or Siemens’ first pilot project in which the ERS was 
demonstrated without any cooperation with truck manufacturers). 

The results also indicate that incumbent firms have a strategic option to 
respond. This confirms recent research, which goes beyond the traditional 
new entrant vs. incumbent dichotomy (e.g., Geels and Schot, 2007) and 
argues that incumbent firms could play an important role in both hindering 
and facilitating transitions (Wells and Niewenhuis, 2012; Berggren et al., 
2015). Indeed, incumbent firms could participate in predevelopment activities 
to learn more about new technology, in order to understand their role in 
future scenarios and how they should adapt their business models. However, 
developing new business models in pilot projects is problematic because there 
is no user interaction or wider implementation of the necessary infrastructure. 
Pilot projects therefore improve actors’ understanding of the true need for 
and barriers to business model change rather than of business model 
innovation itself (cf. Christensen, 2012).  

6.2. The relationship between business models and socio-
technical change in ERS demonstration projects 

An important part of the early phases of transition is experimentation through 
demonstration projects that facilitate nurturing activities (Kemp et al., 1998). 
While pilot projects typically concentrate on first-order learning through 
developing the technical system, demonstration projects facilitate second-
order learning in which notions of users, technology, and government 
regulations are demonstrated and questioned (Hoogma, 2002; Hellsmark et 
al., 2016). In this sense, demonstration projects are supposed to overcome 
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“the valley of death” between R&D, in which technology is developed and 
tested in closed research environments, and commercial markets subject to 
commercial selection criteria (Schot and Geels, 2008). Recent studies have 
highlighted the importance of experimentation with new business models in 
demonstration projects in order to commercialize sustainable technologies 
(Huijben et al., 2016).  

In the context of ERS, the objective of the demonstration projects was to 
validate and evaluate the alternative socio-technical system in real-world 
conditions, in this case considered to be public roads. The demonstration 
projects studied here were located outside Gävle, Sweden and in Los Angeles, 
USA and used the Siemens overhead line catenary technology (Paper 3). 
These projects experimented with an alternative socio-technical configuration 
in real-world conditions, conducting actual truck operations.  

From a temporal perspective, the demonstration projects could be regarded as 
predevelopment activities in the early phases of transition. The projects were 
temporary and lasted about two years (including planning and construction) 
and each had a budget of about SEK 120 million (including public and private 
funding). After this time, the built infrastructure could either be dismantled 
or be extended into a more commercial deployment project.  

From a structural perspective, the demonstration projects tested the feasibility 
of the wider technological system, including electric infrastructure and hybrid 
trucks. In each project, electric roads about 2 km long were built, with 2–4 
hybrid-electric trucks (using different technologies) each weighing about 40 
tonne when loaded. The projects tested the compatibility of the alternative 
technical system with other modes of traffic, emphasizing safety and 
operational issues. The demonstration projects also tested whether it was 
legally possible to implement ERS (given existing policies and standards) and 
how the public would perceive ERS. 

From the actor perspective, the demonstration projects tested not only the 
technical system but also the actor network, including system users. Fig. 14 
summarizes the actor interactions in demonstration projects and illustrates 
how subsystem suppliers conducted a socio-technical experiment by 
interacting with policy makers, obtaining project funding, and obtaining 
feedback from system users. However, while recent studies (e.g., Bidmon and 
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Knab, 2018) have emphasized that firms should experiment with new 
business models that can support socio-technical change in demonstration 
projects, no new business model designs were actually implemented. Instead, 
the findings indicate that the demonstration projects were arenas in which 
new business models were developed and shaped depending on the local 
conditions of each project (Paper 3).  

 

Fig. 14. Actor interaction in demonstration projects with socio-technical 
experiment and business model development. 

One reason why business models for the alternative socio-technical system 
were not implemented in the demonstration projects is that such projects are 
temporary experiments involving limited infrastructure investments. A 2-km 
electric road does not offer meaningful commercial operations for users. It 
was therefore difficult to test different value propositions or value capture 
elements in the projects, since no direct economic benefits were generated 
for users or funders, for example, from fuel savings, reduced emissions, or 
ERS tolls. Furthermore, since the subsystems were still immature and not 
mass produced, the prices were high (e.g., for hybrid trucks and ERS 
equipment), making them uncompetitive without further economies of scale.  

However, the demonstration projects generated knowledge of specific cases, 
for example, the topology of a certain road, transportation demand, number 
of users, economic benefits of electric vs. diesel operation, and sustainability 
policy goals. Therefore, the unique context of each demonstration project 
generated different conditions in which firms could develop new business 
models for commercializing the alternative socio-technical system outside the 
technological niche. In this sense, the concept of business models for 
sustainable technologies is not homogeneous or static in demonstration 
projects, but emerges in a co-evolutionary way in specific local contexts.  

Subsystem 
suppliers

System 
users

Policy 
makers

Socio-technical experiment 
and 

business model development



	

65	
	

6.3. The relationship between business models and socio-
technical change in an ERS deployment project 

One of the most intriguing questions in achieving sustainable transitions is 
how to create conditions that enable the diffusion of niche technologies from 
pilot and demonstration activities to niche and commercial mass markets. 
Since niche technologies, such as ERS, require investments in alternative 
infrastructure, the sunk costs of the established infrastructure are considered 
a lock-in mechanism and barrier to change (Loorbach et al., 2010; Steinhilber 
et al., 2013). The typical policy instruments discussed in the literature, such as 
market incentives (Negro et al., 2010), various regulations (Prakash and 
Kollman, 2004), and technology forcing (Gerard and Lave, 2005), are 
insufficient by themselves to stimulate infrastructure deployment due to the 
large initial investment needed. However, the case study of the I-710 project 
presented in Paper 4 emphasizes the significance of using infrastructure 
transformation projects as deployment projects for planning the 
implementation of niche technologies on commercial markets.  

From a temporal perspective, deployment projects could be regarded as an 
activity that creates niche markets (cf. Frishammar et al., 2015). Compared 
with pilot and demonstration projects, in which technology development and 
socio-technical experimentation occur in temporary arenas, deployment 
projects plan for long-term infrastructure investments (over about 40 years), 
which might in turn shape new technological lock-ins. Deployment projects 
could therefore be considered interfaces/bridges between the technological 
niches and regimes in which sustainable technologies can take off and 
potentially lead to a transition to a new regime.  

From a structural perspective, the deployment project in Los Angeles planned 
for the possible implementation of about 30 km of ERS, in a commercial 
application near two large ports. Investment models of the new infrastructure 
and revenue models of system use were tested and evaluated as part of the 
project. However, ERS was not considered the only sustainable alternative by 
the planning agencies in the project. Other technologies were also considered, 
such as fuel-cell, natural-gas, and battery-electric trucks, which, compared 
with ERS, required other types of infrastructure investment. 
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From an actor perspective, the deployment project in this study was led by 
policy makers planning for new infrastructure, but included close interaction 
with subsystem suppliers and potential system users. By casting a niche 
technology as a solution to an environmental problem in an infrastructure 
project, policy makers can demand that users of the new infrastructure 
purchase technology with certain environmental performance requirements. 
This in turn would create market demand, encouraging subsystem suppliers 
to invest and commercialize niche technologies beyond the pilot and 
demonstration projects. In the planned deployment project, a key issue was 
to evaluate business models that would enable deployment of the alternative 
socio-technical system. Fig. 15 summarizes these actor interactions and the 
relationship between business models and socio-technical change in 
deployment projects. 

 

Fig. 15. Actor interaction in deployment project with socio-technical change 
and business model evaluation. 

As Paper 4 demonstrated through the abandoning of ERS as a niche 
alternative in the I-710 project, the infrastructure planners considered other 
technologies to be more commercially attractive for the market. 
Consequently, for deployment projects to successfully plan and implement 
alternative socio-technical systems, business models are crucial. If there are 
no viable business models that make the new system attractive to users, it will 
be difficult to undertake large capital investments in new infrastructure. 
However, the two case scenarios developed in Paper 1 demonstrated that the 
role of business models could differ depending on the application of the 
deployment project, for example, whether it is a closed or open system. 
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6.4. Summary  
This chapter has addressed the research question of this thesis by synthesizing 
the findings of the appended papers. It has done so by analyzing the 
relationship between business models and socio-technical change from 
temporal, structural, and actor perspectives. From a temporal perspective, the 
empirical data have been categorized in terms of pilot, demonstration, and 
deployment projects; from a structural perspective, the type of socio-technical 
change has been evaluated; and from an actor perspective, the interactions 
between policy makers, subsystems suppliers, and users have been analyzed. 
The findings illustrate how the relationship between business models and 
socio-technical change differed depending on the type of project analyzed. 

First, business models were not part of the technological niche in the pilot 
projects, as the focus was on developing radical innovations without any 
interactions with potential users. Instead, these projects illustrated how the 
new technology did not fit with incumbent business models. Second, business 
models were developed in the demonstration projects, as the focus was on 
conducting a socio-technical experiment that involved learning from user 
interactions. Third, business models were tested in the deployment project, 
as the focus was on evaluating the economic feasibility of different types of 
technological niches and on the willingness of potential investors and users 
to pay for and use the new infrastructure. Fig. 16 summarizes the findings of 
the synthesis and illustrates the relationship between business models and 
socio-technical change in the early phases of transition. It also includes the 
two use case scenarios from Paper 1, i.e., closed and open systems, illustrating 
the potential diffusion of ERS into bridging and mainstream markets.  

These findings suggest a more nuanced understanding of the role of business 
models in the early phases of potential transitions, when preparing new 
technology for commercial takeoff, than is often reported in the literature.  
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7. Discussion and theoretical implications 
In this chapter, the limitations of the findings and the theoretical implications 
regarding the relationship between business models and socio-technical 
change are described and elaborated upon. This discussion is based on the 
synthesis of the appended papers and the theoretical problematizing and 
framework.  

7.1. Limitations 
Given the explorative nature of the case studies of ERS in Sweden and Los 
Angeles, the present findings have some notable limitations. While 
conducting a pair of case studies rather than just one results in more valid 
findings, which may be applicable to other cases within the ERS field, it is 
doubtful how generalizable the findings are outside of this research context. 
Future studies in other technological niches are needed in order to understand 
how the particularities of empirical phenomena may affect the relationship 
between business models and socio-technical change.  

This research has explored the early phases of a potential transition to ERS, 
driven by a sustainability agenda, prior to any commercial takeoff. This has 
provided insight valuable for a potential transition in the making (cf. 
Augenstein, 2014). However, the findings indicate that there are no viable 
business models for ERS that have achieved any success on the market yet, 
and that there might never be a transition to ERS. Therefore, the study does 
not give insight in how to design successful business models or how to 
achieve a sustainable transition. 

However, assuming that the findings are generally valid, they offer intriguing 
insight for systemic innovations that are dependent on substantial 
infrastructure investments to move beyond the “valley of death.” The next 
sections will discuss the findings and implications for previous theory.   

7.2. Business models as an evolutionary concept  
Recent studies have emphasized that business models play a crucial role in 
transition processes (Loorbach et al., 2013; Bidmon and Knab, 2018). 
Nevertheless, few studies have stressed the temporal dimension of such 
processes. Instead, business models are treated as static devices that provide 
a snapshot of the value creation and capture elements of a firm’s value 
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proposition (Osterwalder et al., 2005; cf. Wells, 2013). The literature on 
sustainable business models (Bocken et al., 2014) has focused on identifying 
and analyzing new business models that incorporate sustainability aspects as 
core elements of the value proposition. Similarly, the servitization literature 
has argued that service-oriented business models that focus on the utilization 
rather than the ownership of a product could lead to increased sustainable 
production and consumption (Tukker, 2004). Typically, these studies have 
focused on products or services found in niche markets, and it is still 
uncertain whether or not such business models will succeed in facilitating a 
transition toward increased sustainability (Christensen et al., 2012; Wells and 
Niewenhuis, 2012).  

In contrast, this study contributes to the transition literature by examining the 
role of the business model in the early phases of a potential transition. The 
findings suggest different roles that business models can play in different 
types of projects when preparing new technology for commercial takeoff: 
first, business models were not part of the technological niche in the pilot 
projects; second, business models were developed in demonstration projects; 
and, third, business models were tested and, in this case rejected, in a 
deployment project.  

These findings imply that while individual business models could be observed 
and defined in niche markets for individual technologies, it is more difficult 
to observe business models in the predevelopment phase or technological 
niche phase. Consequently, the business model is not a static concept that 
provides a snapshot of how a firm is conducting its business at a specific point 
in time, as is often claimed in the literature (e.g., Osterwalder et al., 2005). 
Instead, the business model concept can be used as a perspective to 
understand the co-evolutionary processes occurring in the early phases of 
transition, for example, how firms manage technology change or advocate for 
technical solutions in niche projects. This is in line with Sarasini and Linder 
(2017), who stated that “business model innovation is a process that links the 
niche and regime levels. That is, a business model perspective can elucidate 
firm-level sources of change that were previously missing from transition 
theory, and illustrate the way in which firms and their networks change and 
co-evolve” (p. 9). Hence, future transition studies that explore business 
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models should be aware if they are using business models as static concepts, 
i.e., as snapshots, or if they are adopting a business model perspective to study 
interactions between actors during transition processes.  

7.3. Business models as reverse salient 
The early literature addressing how socio-technical systems evolve has 
illustrated how the advance of these systems is often held back by a reverse 
salient, i.e., a subsystem or component that lags behind in technical 
development relative to the rest of the system (Hughes, 1987). Accordingly, 
a reverse salient plays a key role in defining the speed and direction of the 
emergence of a new socio-technical system and whether it attains high 
momentum. Previous studies have mostly identified and analyzed reverse 
salients as technical components and artifacts (Hughes, 1983; Dedehayir and 
Mäkinen, 2011). In contrast, the present findings suggest that a business 
model could be conceptualized as a reverse salient in the early phases of 
transitions.  

This thesis illustrates that the basic technologies behind ERS have been 
known for over a century. It is the application to hybrid heavy-duty trucks 
that is new, and most of the development activities have been directed toward 
understanding the interfaces between the various subsystems. To this end, 
pilot and demonstration projects have been testing both the technical and 
social aspects of the system. However, while these activities have improved 
the system’s technical feasibility, they have also shown that the main barrier 
to commercial takeoff is not the technology itself. Instead, the current 
findings indicate that incumbent business models are not compatible with the 
alternative technological niche (Paper 2) and that it was the lack of 
appropriate business models that prevented the niche technology from being 
commercialized in the studied deployment project (Paper 4).  

By conceptualizing business models as potential reverse salients, this thesis 
supports the ideas of Johnson and Suskewicz (2009) and Rohrbeck (2013), 
who noted that Edison not only integrated and developed the technical 
subsystems to perform the overall system function. Additionally, Edison 
envisioned how to finance the installation of the infrastructure and developed 
a business model for selling the system through guaranteeing provision of 
power. Given these findings, future studies of the function of business 
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models as reverse salients in the early phases of transition should improve our 
understanding of what hinders and facilitates the commercial takeoff and 
acceleration of sustainable technologies. 

In conceptualizing the business model as a reverse salient, it is crucial that the 
actors creating the system (e.g., system builders) be able to overcome this 
reverse salient for the system to advance (cf. Bolton and Hannon, 2016). For 
example, for ERS to be successfully deployed, a system builder needs to 
implement a viable business model for ERS that generates the up-front 
investments needed for the infrastructure and offers an attractive service for 
users. In turn, these infrastructure investments will be paid back only if and 
when a sufficient number of users use and pay for the service (cf. Gordiano 
and Fulli, 2012). Since infrastructure systems are characterized by high capital 
intensity, asset durability, and complexity (Markard, 2011), such investments 
typically entail selecting a certain technological standard among various 
alternatives. However, previous studies have shown that policy makers tend 
to avoid picking a technological standard that could lead to a new 
infrastructure lock-in, instead letting the market decide (cf. Azar and Sandén, 
2011; van der Vooren et al., 2012), even though such decisions may hamper 
the ability to reach the stipulated sustainability goals (cf. Tongur and Angelis, 
2013).  

Therefore, future studies should pay attention to contextual differences and 
specifics of an applications that could support or hamper system builders in 
designing as well as funding, owning, and operating the alternative 
infrastructure needed to make sustainable technologies viable. For example, 
initial deployment in applications that resemble closed systems is potentially 
more appropriate than is deployment in open systems, as there is less demand 
for interoperability between different types of users and technologies in such 
systems (i.e., one size need not fit all) (cf. Paper 1).  

7.4. Socio-technical change as a basis for studying business 
models  

Several studies have argued that non-technological innovations such as new 
business models could have the potential to facilitate transition, regardless of 
the technology involved (Tukker, 2004; Sarasini and Linder, 2017; Bidmon 
and Knab, 2018). For example, new business models are being explored for 
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solar panels that utilize innovative ways to finance capital costs, such as pay 
per use (Wainstein and Bumpus, 2016), mobility-as-a-service business models 
such as Uber are developing new value propositions through information and 
communications technology (ICT) applications that rely on existing mobile 
products and telecom infrastructure (cf. Sochor et al., 2015), and circular 
economy business models are moving beyond selling products to include the 
whole life cycle of products (Korhonen et al., 2018). Technological change is 
seldom treated in the literature of these service-oriented business models. 

The findings of this thesis indicate that for a systemic innovation, business 
models cannot be properly developed or analyzed without considering the 
particularities of the new socio-technical system. For example, to develop new 
business models for ERS, firms need to reconsider the value creation network 
that emerges as a consequence of changed subsystem interfaces, as well as 
reconsider the value proposition elements in transportation, as there will be a 
necessity to finance alternative infrastructure investments (e.g., in electric 
roads), technology add-ons to vehicles (e.g., electricity pick-ups and hybrid 
powertrains), and a new energy service (i.e., electrical energy in addition to 
diesel fuel or biofuel) (cf. papers 1 and 3). Such assumptions will be influenced 
by the technological design of the system, the targeted users (e.g., heavy duty 
truck and/or passenger car drivers), and the nature of the application (i.e., 
closed vs. open system). 

Therefore, when studying business model innovations one should make a 
distinction depending on whether or not the business model involves socio-
technical change. In cases in which the infrastructure and technology are 
mature, it might be suitable to investigate new business model designs that 
could lead to more sustainable production and consumption. However, if the 
infrastructure and technologies are new, socio-technical change should be the 
basis for studying business model innovation.  

7.5. Revising the role of infrastructure 
Previous research has put considerable effort into exploring the dynamics of 
how new socio-technical systems emerge (Hughes, 1983) and how socio-
technical transition occurs (Rotmans et al., 2001; Geels, 2005). Typically, the 
focus has been on how to foster the development of potentially more 
sustainable technologies in niches, so that they can eventually compete with 
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established, unsustainable technologies (Kemp et al., 1998). Such initiatives 
are often supported by industrial policies (Giordano, 2015). Surprisingly, 
while the business models of such technologies often depend on 
infrastructure transformation (and on wider socio-technical change) to 
become commercially viable, limited research attention has been paid to the 
role of infrastructure transformation (cf. Loorbach et al., 2010; Foxon et al., 
2015).  

In contrast to the focus on alternative sustainable technologies in innovation 
policies, infrastructure policies concentrate on improving and optimizing the 
established infrastructure and on incremental innovation aligned with the 
existing technological paradigm. Consequently, infrastructure is usually 
depicted as a barrier in the transition literature and often neglected in business 
model studies, which have considered technology from an autonomous, 
rather than a systemic, perspective (cf. Teece, 2010; Bohnsack et al., 2014; 
Pinke et al., 2014). 

The present findings underline the criticality of taking account of the physical 
infrastructure transformation when studying business models for systemic 
technologies in the early phases of transition. In particular, Paper 4 illustrated 
how infrastructure investments could open windows of opportunity for 
sustainable technologies to take off and emerge from the predevelopment 
phase. Such infrastructure transformation could be facilitated by the needs to 
invest in new infrastructure and to mitigate the environmental impacts of the 
related infrastructure services (e.g., trucks) (cf. Markard, 2011; Bolton and 
Foxon, 2015). However, the findings of Paper 4 also indicated that the 
underlying business model of the technology affected the selection process 
during the window of opportunity. While technologies whose underlying 
business models fitted the existing infrastructure investment policy were 
supported (e.g., fuel-cell, battery-electric, and natural-gas trucks), technologies 
whose underlying business models did not fit the existing infrastructure 
investment policy were abandoned (e.g., ERS).  

These findings imply that the relationship between infrastructure 
transformation and business models merits further exploration in terms of 
both the role of business models in infrastructure transformation and the role 
of infrastructure in business model innovation. Indeed, infrastructure 
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innovation should be an integral part of any business model analysis of 
alternative socio-technical systems. In this way, the analysis extends the firm-
level boundaries (Zott and Amit, 2010) to encompass the challenges of public 
actors who often have the responsibility to ensure the availability, capacity, 
safety, and sustainability of infrastructure systems in society. 
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8. Conclusions  
This thesis has explored the relationship between socio-technical change and 
business models by studying the early phases of a potential transition to ERS. 
While this is not the first attempt to integrate such matters, few studies have 
focused on the processes occurring during the early phases of transition, 
before a technological innovation has achieved market success. In this way, 
the thesis has contributed to more nuanced views of: how technological 
niches are shaped, the interactions between actors in different contexts, the 
strategies that incumbent firms use to manage potential technology shifts, and 
different empowerment strategies used by niche advocates to commercialize 
sustainable technologies in different contexts. This helps us better understand 
what hinders and facilitates sustainable transitions. The findings of the thesis, 
achieved by analyzing different types of niche activities from the temporal, 
structural and actor’s perspectives, led to the following main conclusions.  

The first conclusion is that the relationship between business models and 
socio-technical change is not homogenous in the early phases of transition 
and differs depending on what type of niche activity is analyzed. In the studied 
pilot projects, which focused on the development of radical innovation 
without any interaction with potential users, neither business models nor 
socio-technical change were part of the technological niche. In the 
demonstration projects, which focused on developing a socio-technical 
experiment that involved interaction with users, new business models were 
developed to commercialize the new socio-technical system. Lastly, in the 
deployment projects, which focused on evaluating wider socio-technical 
change, business models were tested by evaluating the economic feasibility of 
different types of technological niches and the willingness to pay for and use 
the new infrastructure. Specifying what type of socio-technical change is 
analyzed in a niche activity nuances our understanding of the role of business 
models in the early phases of transition.  

The second conclusion is that the business model concept could be used as a 
perspective from which to understand the evolutionary processes that take 
place during the early phases of transition. Business models are mostly used 
to understand the market mechanisms by which focal firms commercialize 
their value offers to users. Yet when it comes to niche activities, the right 
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solutions are apparent only after the niche innovation has taken off and 
reoriented the existing socio-technical system, it is hoped, in a more 
sustainable direction. By adopting a business model perspective to understand 
processes of socio-technical change, attention is concentrated on the value 
added by the new technology from multiple actor perspectives, rather than 
only from the perspective of the firm–user relationship. In this way, the 
business model perspective is useful, as it integrates both environmental and 
sustainable value for policy makers, subsystem suppliers, and users.  

A third conclusion is that the challenges of commercializing and deploying 
systemic innovations, such as ERS, are more complex than often accounted 
for in the business model and sustainability transitions literature. Most studies 
focus on the potential benefits or drawbacks of new sustainable technologies, 
but tend to neglect the fact that the commercialization of such technologies 
is dependent on investments in alternative infrastructure. For systemic 
innovations, which suffer from the chicken-and-egg dilemma, business 
models are needed for alternative infrastructure with long investment 
horizons as well as for alternative products and services with shorter 
investment horizons. Hence, one actor can seldom do this alone. There is no 
one single best business model, but rather several different ones that need to 
be integrated to achieve a socio-technical change. The various actors therefore 
must find their roles and ensure that they complement one another to 
produce a functioning business model that allows investments in both 
sustainable transportation infrastructure and the related vehicles that use the 
infrastructure. This thesis demonstrates that deployment projects, such as an 
infrastructure transformation project, might be a suitable mechanism for 
facilitating a window of opportunity for such systemic innovation. Such a 
project creates a test bed for suppliers and future market demand, attracting 
support from policy makers for necessary infrastructure investments. 
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9. Practical implications 
Established socio-technical systems, such as transportation and energy 
systems, are crucial for supporting economic growth and welfare in society. 
However, their fossil-fuel dependency causes tremendous challenges for 
societies as well. In view of energy security, climate change, and air quality 
issues, the need to deploy more sustainable technologies is urgent in order to 
achieve the policy goals agreed upon by societies around the world 
(UNFCCC, 2015). The development of ERS is an example of an alternative 
transportation system that has emerged as a technical and more sustainable 
solution for heavy-duty truck transport. Through empirical case studies of 
ongoing ERS activities, this thesis has explored the relationship between 
business models and socio-technical change. It found that there are not yet 
any viable business models to support the commercialization of ERS. Given 
the present findings and conclusions, the next sections discuss some practical 
implication of this thesis and whether or not ERS is likely to take off.  

9.1. Will ERS take off? 
The development of ERS has not occurred in a vacuum. It has emerged from 
an ongoing debate on how best to decarbonize the transport sector and how 
to improve the air quality of urban areas exposed to intense heavy-duty truck 
traffic. Thus, while ERS is not a new concept, as trolleybuses and streetcars 
have a long history, it has emerged in the past decade as a technical solution 
to policy challenges in the often-neglected sector of heavy-duty trucking and 
freight transport. Furthermore, ERS is not homogenous, as several types of 
ERS technologies have been developed by competing actors, technologies 
differing in their maturity level and technological readiness (Sundelin et al., 
2016). ERS is also competing with other technological solutions intended to 
address the same socio-political challenge, for example, battery-electric, fuel-
cell, natural-gas, and biofuel technologies. ERS is thus competing with other 
types of infrastructure investments and other technological solutions with 
different underlying logics of how they do or do not fit with established 
system interfaces—as demonstrated in Paper 4. Fig. 17 illustrates the visibility 
trajectories of several technologies seen as promising transport solutions in 
recent years. They have undergone cycles of hype and disappointment (Geels, 
2012).  
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Fig. 17. Hype–disappointment cycles in zero-emission propulsion technology 
with two different scenarios for ERS (adapted from Geels, 2012). 

In the short term, it appears that the development of ERS will continue in 
multiple projects: upcoming demonstration projects in Germany will 
demonstrate ERS feasibility using a total of approximately 30 km of catenary 
ERS; a second Swedish pre-commercial procurement project has been 
initiated with the aim of raising the maturity level of other ERS technologies 
than Siemens’ catenary technology and Elways’ conductive rail technology; 
Swedish agencies are planning to extend the ERS catenary demonstration 
project into a semi-commercial deployment project for 20–30 km supported 
by about SEK 600 million in public funding; and investigations are being 
launched in the USA and UK to evaluate the possibility of electrifying public 
roads using inductive ERS technologies, focusing on both passenger cars and 
trucks. Still, it is uncertain whether these activities will lead to commercial 
takeoff and a sustainable transition. 

This thesis demonstrates that the development of a viable business model 
depends not only on the idea generation of a new business model per se, but 
also on the technical, political, and economic conditions in the local context 
in which the technology is to be implemented. One remaining question 
concerns the practical implications of this thesis and whether they can shed 
light on whether or not ERS will take off. This question will be addressed by 
assuming two future scenarios for heavy trucks in 2028, a decade from now. 
For each scenario, the technical, political, and economic conditions will be 
discussed, using Sweden as a point of departure.  
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9.2. Scenario 1: Why ERS will not take off 
ERS might just be hype and be withdrawn as a plausible niche alternative in 
the scenario for 2028. If so, there are several reasons why ERS may turn out 
to be hype leading to disappointment and not be a viable solution leading to 
takeoff or a sustainable transition away from the diesel engine truck regime. 
To explore this scenario, let us look back from 2028 and examine the context 
of the failure. 

One main reason for this failure was that the established regime was so well 
functioning and important for the economy and society that system stability 
rather than change was prioritized by the relevant stakeholders. There were 
accordingly no clear competitors to the diesel engine in this scenario. The 
established industry continued to put enormous resources into developing the 
diesel engine, continually improving its performance in terms of energy 
efficiency, CO2 emissions, and air pollution (cf. Utterback, 1994; Levihn et 
al., 2011). In addition, investments in renewable synthetic diesel by the oil and 
agriculture industries improved its availability, technical specifications, and 
price. The global volume of biofuels exceeded all previous expectations and 
could be used efficiently without compromising needs for biomaterials in 
areas such as agriculture. This created technical, political, and economic 
uncertainties that kept the regime intact, leading to the failure of ERS.  

From a technological perspective, the development of alternative niche 
technologies had been ongoing for about a decade leading up to 2020. After 
initial excitement about ERS development, the technologies did not take off. 
Instead, attention turned to synthetic diesel fuel and fuel-cell technology as 
solutions. One reason for disappointment with ERS was that there emerged 
no clear winning technology or set of standards for the subsystems of 
different ERS technologies. This created uncertainty for technology-neutral 
policy makers and the incumbent industry, reducing investment in any 
particular ERS solution. Also, potential ERS investments could have become 
undesired technological lock-ins if other regions or countries, such as China 
or Germany, invested in other solutions. Given that there were many 
technological solutions that could have become future standards, policy 
makers could claim that they wanted to remain technology neutral and let the 
market decide the technology winners. This benefited solutions that were 
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closer to the existing system interfaces, rather than solutions that changed the 
system architecture and the interfaces between subsystems (cf. Paper 4).  

From an economic perspective, the capital costs of ERS were considered too 
high. There were great uncertainties that deterred potential users from 
committing to ERS and investing in ERS-adapted vehicles, regardless of 
whether ERS was a closed or open system, and regardless of whether the 
aggregated goods transportation volumes on particular roads were considered 
sufficient to justify investment. There was uncertainty about future energy 
prices and tolls and about how much the truck operators or goods owners 
would save by using ERS instead of diesel trucks or other technologies. This 
uncertainty partly stemmed from the payback requirements of the actors that 
would invest in the required electric grid and electric road infrastructure, and 
partly because policymakers chose to compensate for the lost taxes on fossil 
fuels by raising taxes on electricity. Furthermore, with new technology (and a 
nonexistent ERS market), the reliability, depreciation, and secondhand 
market were uncertain for potential ERS truck users. Similarly, with new types 
of infrastructure, the lifetime and operating costs of ERS were also uncertain. 
ERS was therefore not considered economically viable according to the way 
investment calculations are made for new product or infrastructure 
investments. 

From a political perspective, this scenario shows that the cost of transition 
failure was not high enough. The important thing was to ensure stability and 
economic growth by administering the established system, for example, by 
promoting transport capacity and safety. That is, the costs of externalities that 
the transportation sector produces, such as air pollution and CO2 emissions, 
were not sufficiently integrated into transportation planning, trucking 
industry calculations, and above all not reflected in the price paid by end 
customers. While environmental policies encouraged the advance of ERS 
technologies, by devoting public incentives to research and development 
activities, these policies did not encourage ERS to move beyond 
demonstration projects. It could also be that public investment in semi-
commercial deployment projects, in which approximately 30–50 km of 
electric roads were built, failed to attract enough users to make the investment 
commercially viable. In this scenario, there could have been different 
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noncommercial ERS deployed in Sweden and other countries, with different 
standards, ending up as monuments on isolated islands.  

9.3. Scenario 2: Why ERS will take off 
A second scenario for 2028 is that ERS has taken off and become a strong 
contender for transforming the current transportation regime into a more 
sustainable one. If so, there are several reasons why this may happen. Again, 
let us look back from 2028, this time considering what contributed to the 
success. 

One main reason for the success of ERS was that the diesel engine regime 
was incapable of addressing the serious problems it caused for the 
environment, the public, and the economy. The costs of developing diesel 
engine powertrains that could meet the regulations in this scenario were 
regarded as too high for the incumbent truck industry to bear. Furthermore, 
other more sustainable fuels, such as biofuels and renewable synthetic diesel, 
were scarce and too costly for road transportation, as they attracted greater 
demand from other sectors such as aviation. With increased electricity 
production capacity thanks to heavy investment in renewables such as solar 
and wind energy, energy utilities found ERS to be an attractive segment in 
which to diversify, in the same way as they diversified into public static 
charging infrastructure, extending the well-established electricity 
infrastructure. This generated technical, political, and economic conditions 
that created cracks in the regime and a window of opportunity for ERS 
deployment.  

From a technological perspective, ERS technologies became a new dominant 
design for electrifying heavy-duty trucks. While alternative technologies such 
as batteries and fuel-cell technology improved considerably over the decade 
leading up to 2028, they are used to complement ERS. Batteries are mostly 
used in the passenger car sector, as they have become low-cost products and 
the battery industry has developed a more sustainable value chain and material 
handling. Fuel cells powered by hydrogen are used together with battery 
technology to function as range extenders. ERS trucks can thereby have 
extensive flexibility off the electric road, as in the diesel engine regime, to 
reach end destinations. Furthermore, different ERS technologies have 
become dominant solutions for different applications (e.g., for city buses and 
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suburban highways). With increased standardization, different ERS solutions 
have become compatible, meaning that different actors (e.g., electric utilities, 
the truck industry, and other suppliers) sell or offer standardized pick-ups that 
can easily be integrated with the vehicle and suitable electric roads. 

From an economic perspective, the capital costs of ERS were considered low 
relative to those other infrastructure investments, such as railway projects or 
planned road infrastructure projects. This was largely because the existing 
road infrastructure could be used when deploying ERS, after being modified 
to become a more “modern” type of road. Powerful actors outside the truck 
industry, such as electric utilities, the railway industry, and investment trusts, 
saw a new segment with good investment potential. In this scenario, goods 
owners and truck operators regarded commitment to ERS as economically 
preferable to using diesel or other alternatives. By using ERS, transportation 
costs and negative environmental impacts could be decreased, leading to 
comparative advantage for firms using ERS compared with those that did not. 
Furthermore, new user behavior was created as goods transportation became 
centralized for many goods owners at certain locations, leading to more 
efficiently coordinated goods transport at the most appropriate times, for 
example, at night when electricity is abundant.  

New organizational arrangements between the public and private sectors 
mitigated the risks of investing in ERS, allowing firms to collect tolls and 
other service fees. Some players in the truck industry entered the ERS market 
by using standardized interfaces to integrate hybrid trucks with electric roads 
and pantographs/pick-ups. These components could be uninstalled, allowing 
the hybrid trucks to be sold on the regular secondary market. These firms 
bundled their new technology offers with new servitization strategies, creating 
new business models in which truck manufacturers went beyond the notion 
of the truck as a product and instead delivered ERS transportation service to 
the customer’s customer.  

From a political perspective, the deadlines for reaching policy goals were fast 
approaching and policy makers/politicians urgently had to create conducive 
conditions for sustainable transitions to take place. Public health had become 
a vital issue that policy makers had to address, and diesel fuel was no longer 
considered a viable alternative. Instead of choosing any one technology to 
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become the winning standard, like a “silver bullet,” policy makers understood 
that different technological solutions would be needed for different 
applications, such as passenger cars, city buses, and heavy-duty trucks driving 
short or long distances. Because open standards were developed between its 
interfaces, ERS became more procurable by policy makers and other 
investors, as its multiple suppliers could compete, bringing down costs. By 
creating conditions for private firms to commercialize and invest in ERS 
solutions, policy makers both helped ensure the competitiveness of the 
Swedish export industry, and created export opportunities for ERS suppliers 
and service firms. This positioned Sweden as the global ERS knowledge hub, 
attracting significant international interest.  

9.4. Epilogue 
During this research process, questions and expectations have repeatedly 
been raised concerning what results this research would generate. For 
example, would it determine whether or not ERS would take off and redirect 
the heavy-duty truck sector (or other mobility sectors) in a more sustainable 
direction? Would it identify what business models might be appropriate for 
commercializing ERS, or under what conditions ERS could be profitable? 
The two scenarios problematized and described above illustrate that these 
questions, which focus on the innovation outcome, are not the ones that I 
have addressed. This was mainly because there is profound uncertainty as to 
whether a sustainable transition will happen in the first place, and as to what 
such a transition process will be like, given that transitions usually involve 
long-term, nonlinear, and multidimensional processes, that include actors 
with opposing agency. In that case, is it possible or meaningful to study 
contemporary phenomena such as business models and ERS? Now that I see 
the results of this research I can answer yes, absolutely. 

By focusing this study of ERS on the early phases of a potential transition, this 
research has attempted to improve our understanding of the predevelopment 
processes of a sustainable niche innovation before it has actually taken off. 
Innovation is therefore understood as a process rather than an outcome, in 
which the focus is on problematizing and understanding the complexity of 
transition processes for different technologies and contexts. This has been 
done by defining concepts such as ERS, which has been widely used 
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internationally, and by nuancing our understanding of business models that 
support systemic innovation. Moreover, several conceptual frameworks 
developed here have framed how a potential transition could be regarded as 
either a business model dilemma or an empowerment dilemma for incumbent 
firms and niche advocates, respectively, or how window-of-opportunity 
dynamics could be addressed through infrastructure transformation projects. 
Studying these contemporary phenomena through qualitative case studies has 
provided conceptual frameworks that can be used as shared discursive tools 
by various actors, helping define the problems and trade-offs associated with 
transitions and helping us better understand the barriers to and enablers of 
change.  

One way forward would be for future studies to continue exploring the 
development of ERS, particularly in relation to larger deployment projects 
(currently in the planning phase) in which business models are being 
developed, implemented, and evaluated by various actors. Using both 
qualitative and quantitative methods to address the following questions could 
improve our knowledge of the process of commercializing sustainable 
alternative socio-technical systems: How do firms introduce new business 
models in deployment projects, and can such business models be regarded as 
flexible or as fixed and unchangeable for users over time? What role do users 
play in the development of new business models? How can policy makers 
create conducive conditions for investments in ERS infrastructure and for 
business models supporting ERS services? How do business models emerge 
when integrating multiple regimes (e.g., electric utilities, railway companies, 
and truck manufacturers)? How will incumbent firms manage the business 
model ambidexterity of offering multiple technologies and solutions, 
including the established dominant technology? How do the funding, 
ownership, and operating architectures of different subsystems (e.g., the 
electric grid, electric road, and hybrid vehicle) affect the possibilities of 
creating viable business models and vice versa?  

Another way forward would be for future studies to apply the findings and 
conceptual frameworks developed here to other technologies and contexts. 
These conceptual frameworks could be useful in understanding similar 
empirical phenomena, such as autonomous and connected transportation, the 
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development of hyperloop systems, and the development of space 
transportation. Furthermore, these frameworks could also be applied to 
historical transition cases that involved the integration of multiple regimes, 
such as railway electrification and the development of ICT. In this way, the 
characteristics of change could be analyzed for different types of technology, 
and the frameworks could be incrementally revisited in light of the findings.  

By investigating how alternative technologies and business models are 
influenced by political, technical, and economic conditions in case studies, we 
can better understand the barriers to and enablers of more sustainable socio-
technical systems.  
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Freedom is the freedom to say that two plus two make four. If 
that is granted, all else follows. 

– George Orwell 
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Notes and observations 
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Professor and founder, 
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model aspects 
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Project manager, Volvo Volvo’s roles in the Slide-in 
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17-03-14, Göteborg, 
Interview 

Chief engineer, Siemens 

Project manager, Siemens 

Business manager, 
Siemens 
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Sweden and LA 

18-03-14, Stockholm, 
Interview 

Program coordinator, 
Energy Agency 

Role of the Energy Agency in the 
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20-03-14, Stockholm, 
Interview 

Strategy manager, Swedish 
Road Administration 

Role of the Road Administration 
in the PCP 

25-03-14, Stockholm, 
Interview 

Program coordinator, 
Vinnova 

Role of Vinnova in the PCP 28-03-14, Stockholm, 
Interview 

Internal workshop, 
Elways project 

Information about the ERS 
demonstration project in Arlanda 

02-05-15, Stockholm, 
Notes and 
observations 

Internal workshop, Arktis 
ERS project 

Discussion of ERS deployment 
and calculations with Siemens 
and Scania in Kiruna, northern 
Sweden, for LKAB 

21-04-15, Stockholm, 
Notes and 
observations 

Study visit, Elways Presentation of Elways pilot 
project in Arlanda 

02-06-15, Stockholm, 
Notes and 
observations 

Workshop, Infrastructure 
Commission 

Discussion of alternative funding 
of ERS on the E16 and E22 
highways with banks and 
investment institutions  

08-06-15, Stockholm, 
Notes 

Project manager, Region 
of Gävleborg 

Discussion of the ERS project in 
Gävle  

10-12-15, Stockholm. 
Interview 

ERS seminar, KTH Presentation from project 
manager of Gävle project 

23-03-16, Stockholm, 
Notes and 
observations 
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Panel discussions with industry, 
potential users, and policy makers 
of business model and 
deployment issues for ERS  

ERS International 
conference, Sandviken 

Focus on presentation by 
stakeholders of ERS project in 
Gävle  

14/15-06-17, Gävle, 
Notes 

Study visit, Gävle project Presentation on the 
demonstration project in Gävle 

14-06-17, Gävle, Notes 
and observations 

 

Forum for Transport Innovation for ERS 

Data source Topics discussed Date, place, 
documentation 

Forum 
workshop, 
Energy Agency 

Info about the Forum as a venue for 
discussion between relevant stakeholders; 
main discussion point is how to enable 
ERS transition  

Presentation on the PCP  

22-03-13, Stockholm, 
Notes 

Forum 
workshop, WSP 

Results of ERS interviews about user 
expectations; from consultancy firm WSP 

SWOT and roadmap (goals and activities 
up to 2030) exercise regarding ERS  

29-04-13, Stockholm, 
Notes 

Forum 
workshop, 
Energy Agency 

Continued work on ERS roadmaps and 
scenarios (e.g., closed and open systems) 

How to transfer the ERS roadmap to the 
European Union  

24-05-13, Stockholm, 
Notes 

Forum 
workshop, 
Energy Agency 

Discussion of the state’s business models 
and how investment calculations differ 
depending on who makes the 
infrastructure investments  

Info about PCP process 

19-06-13, Stockholm, 
Notes 

Forum 
workshop, 
Energy Agency 

Input to the governmental FFF 
investigation 

How ERS could evolve from closed to 
open systems  

The risks of saying that there is a working 
business case for ERS to politicians 

21-08-13, Stockholm, 
Notes 
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Forum 
workshop, 
Energy Agency 

The role of ICT in ERS  

How to position and market the ERS 
roadmap 

Comparison with ERS demo project in the 
USA 

18-09-13, Stockholm, 
Notes 

Forum annual 
meeting, 
Vinnova 

ERS discussed as one of many alternatives 
for transport sector innovation 

17-02-14, Stockholm, 
Notes 

Forum 
workshop, 
Energy Agency 

Discussion of how to realize the roadmaps 
and of whether PCP enables or hinders 
ERS deployment 

07-03-14, Stockholm, 
Notes 

Forum 
workshop, 
Vinnova 

Closing meeting on the ERS roadmap 
report  

Information about PCP progress  

27-11-15, Stockholm, 
Notes 
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12. Appendix 2. ERS technologies 
Overhead line technology 

Overhead line technology is the most developed power transfer technology. 
It is mainly used for railway trains, streetcars, and trolleybuses. It is associated 
with both high energy efficiency and low flexibility. The technology is not 
appropriate for passenger vehicles, as the overhead lines are located too high 
above the road, but is suitable for electrifying trucks and buses. The system 
has a well-established technology interface and could be open for use by 
various actors. The pantograph is the subsystem that is the most immature 
and critical in the overhead line solution. Fig. 1 depicts Siemens technology 
on the Siemens E-highway in Berlin and in the demonstration project in 
Gävle. Three demonstration projects with catenary ERS are planned for 
Germany, the first to be built in Hessen in 2018. The costs of implementing 
catenary ERS solutions are uncertain, but are estimated to be SEK 10–30 
million per km (cf. den Boer et al., 2013). 

  
Fig. 1. Left: The Siemens ERS technology on a test track in Berlin; right: ERS 
demonstration project in Gävle with Siemens and Scania (source: Nylander, 
Regiongävleborg). 

In-road conductive technology 

Conductive power transfer from underneath the vehicle is based on a rail 
placed in or on the road surface. The vehicles are equipped with a pick-up 
that makes physical contact with the rail in the road. The rail is connected to 
the electric grid and power stations along the roadside. The rail is segmented 
and is only powered when a vehicle is above it. If the vehicle is standing still 
or running at low speed, the system will remain turned off. The pick-up is 
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designed to automatically detect and follow the rail despite vehicle 
movements. The technology could potentially be used for both light and 
heavy vehicles. This technology has been developed by Alstom and Elways 
and is illustrated in Figs. 2 and 3. Elways has estimated the costs of 
electrification to be SEK 4 million per km in both directions. 

  

Fig. 2. Elways technology for conductive power transfer from the road 
(source: Elways.se). 

  

Fig. 3. Volvo and Alstom collaboration in the Slide-In conductive technology 
(Olsson, 2013a). 

In-road inductive technology 

In-road inductive power-transfer technology has been developed mostly for 
static charging. The technology could also be applied dynamically, creating an 
ERS. Inductive technology has the advantage of not requiring physical 
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contact, and since the transmitter is under the road surface, the technology is 
not as vulnerable to inclement weather conditions and hindrances on the 
road. The downside of the technology is that its investment cost is high. For 
example, the costs of electrifying both directions have been estimated to be 
SEK 26–50 million per km (Olsson, 2013b). The technology has been 
developed by Bombardier and, within the Slide-In project, Scania and 
Bombardier have integrated the pick-up into a truck.  

 

 

Fig. 3. Scania and Bombardier collaboration in the Slide-In project (Olsson, 
2013b). 
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