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A B S T R A C T

Electric road systems (ERS) have been proposed as an efficient solution to dynamically charge 
electric trucks but have not yet become a dominant solution. This paper provides an institutional 
explanation for the case of Europe, building on 22 expert interviews in eight European countries, 
event observations, and policy documents. The analysis identifies three main explanations. 
Firstly, as a line infrastructure, ERS require government commitment for build-up and coordi
nation, particularly across borders. This conflicts with the widespread idea of technology-open 
governments that provide R&D funds to initiate market-driven solutions. Secondly, time con
straints favour readily available solutions backed by industry, like stationary charging, over 
sector-specific ERS technologies that lack a unified lobby with policy access. Thirdly, ERS tech
nologies challenge long-standing sectoral designs. If policymakers want to maintain the option of 
ERS alongside stationary charging, they need to acknowledge this institutional uphill battle and 
consider compatibility requirements for vehicles and an active commitment for larger routes.

1. Introduction

To reach decarbonisation goals in the transport sector, a system transition towards zero-emission road transport that goes beyond 
efficiency efforts is necessary (Tsemekidi Tzeiranaki et al., 2023). This includes the decarbonisation of the emissions-intensive heavy- 
duty road transport sector. Electrification is discussed as the most efficient option (Gnann et al., 2022) but outside of urban and 
regional distribution, electrified vehicles need charging opportunities beyond depots. So far, no public charging system for electrifying 
trucks has been developed in Europe (Plötz, 2022). Decisions on truck charging infrastructure have far-reaching consequences and 
political implications since heavy-duty road traffic accounts for 77 % of goods distribution over land in the EU and is a backbone of the 
regional economy (ACEA, 2022). Estimates suggest that rolling out a new charging infrastructure for heavy-duty trucks across the EU 
would require investment of over 10 billion euros (Plötz et al., 2020)1 and influence transport reliability, space requirements and 
energy demand for at least several decades.

Two types of charging are being developed to fill this gap: stationary charging and dynamic charging. Stationary charging has 
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1 Approximated based on estimated costs of around 0.5 billion euros for 15% battery-electric trucks in Germany (which make up around 20% of 
European truck transport). Multiplying this figure to full saturation of battery-electric trucks and full coverage for Europe equals around 15 billion 
euros.
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emerged as the dominant infrastructure for passenger cars. It comprises individual battery charging points, where vehicles stop and re- 
charge and includes both regular and fast charging. Until only recently, stationary charging was not seen as a realistic option for long- 
haul heavy-duty trucks. Now it is seriously considered and research and efforts for its implementation have grown (Speth et al., 2025). 
Dynamic charging, on the other hand, has been developed with mainly heavy vehicles in mind. This charging approach, hereafter 
referred to as Electric Road Systems (ERS), comprises conductive as well as inductive technologies that allow the trucks to charge while 
they are driving. With the drawbacks of stationary charging until recently, ERS were discussed as a main contender for covering long 
distances electrically in countries such as Germany and Sweden. ERS, and catenary systems, have been shown to achieve cost parity or 
even advantages compared to diesel trucks and battery-electric trucks given a large enough initial infrastructure network (Deshpande 
et al., 2023; Grüter et al., 2023; Hacker et al., 2020; Plötz et al., 2021). Cost differences with purely battery-electric systems are small 
since vehicle (including battery) and energy costs dominate in the calculations much above infrastructure costs and ERS make smaller 
battery packs viable (Rogstadius, 2022a, 2022b). With the same CO2 emissions reductions as battery-electric trucks possible during the 
use phase, given a fully electric ERS truck, this leads to a positive environmental balance as well (Hacker et al., 2020; Jöhrens et al., 
2020).

However, ERS have not become established as the dominant solution for truck charging in the EU. With improvements in batteries 
and fast charging technologies, stationary charging is increasingly looking like a frontrunner instead. For long-haul transport, this 
cannot fully be explained by a technological lead: standards for fast charging, which is necessary for battery-electric trucks to cover 
long distances, have only been developed since 2018 and the first megawatt (MCS) charging station in Europe has only opened in 
February 2025. At this stage, catenary trucks had already been extensively tested in public field trials, showing their technological, 
economic, and environmental viability and advantages, particularly related to smaller battery sizes and breaktime flexibility due to not 
needing to stop and charge. Additionally, the technology builds on available and well-known components from the train sector that did 
not require the technological breakthroughs in core components that stationary charging necessitated. A recent generation of catenary 
trucks now enables fully electric driving under an overhead line and has received interest from stakeholders across Europe and globally 
(Fraunhofer ISI, 2023; FuE-Zentrum FH Kiel GmbH, 2023; Geels & Kemp, 2007; Hessen Mobil, 2023; Ministry of Transport Baden- 
Württemberg, 2023).

However, stationary charging is not only catching up technologically and can build on advances in the passenger sector, it also 
matches well with existing structures in the sector – what has been coined as good ‘institutional alignment’ (Markard & Truffer, 2016) 
or a good fit with the selection environment (Geels & Schot, 2007): Stationary charging can be built step-by-step, similarly to gas 
stations, follows the established idea of stopping and refuelling, and does not require international collaboration and coordination 
beyond standardization. As in other cases of the rollout of large, novel infrastructure, there is hence the potential that the decision 
between dynamic and stationary charging for trucks does not rest solely on the technological, economic and ecological aspects that 
have been in the focus of previous studies but has a substantial socio-political, that is institutional, component. Given the large in
vestments and wide-reaching implications of infrastructure decisions, it is important to understand these additional underlying 
mechanisms of infrastructure decisions under uncertainty.

To grapple with the large uncertainties of ongoing net-zero transitions and make sense of the available options and potential 
pathways, actors in a given sector need to both follow and challenge existing structures and processes. This happens in a political 
process shaped by and shaping institutions. The non-technical challenges associated with building large, novel infrastructures have 
been addressed in two areas of research: studies of the governance of network industries and studies on political processes in the 
transformation of infrastructure-based socio-technical systems. The first literature on network industries points to the important role of 
governments for supporting private actors in the build-up of a system and for causing or avoiding technological lock-ins (Farrell & 
Klemperer, 2007). This significant role of government has historically been key for building extensive line infrastructures, such as 
electricity, rail or water that not only require large amounts of finances and time but also bear public good characteristics and pay off 
only over long periods of time, if they do at all. The challenges of privatising such infrastructures have become apparent since the 1980 
s and the resulting mixed logic between government and private efforts in building and maintaining extensive line infrastructures has 
underlined their important reciprocal role. The second line of literature has recently started to focus specifically on the transformation 
of infrastructure systems, pointing to the importance of clear visions, a matching or adjusted institutional context, and broad actor 
support for the success of novel infrastructure projects (Bolton & Foxon, 2015; Dutton & Lockwood, 2017; Fünfschilling & Truffer, 
2016; Turnheim & Geels, 2019).

Institutions in particular, have been shown to both guide transitions and what are considered legitimate technology options, as well 
as provide an important avenue for change, directed by individual actors with interests in a novel technology (Markard et al., 2016). As 
the formal and informal “humanly devised constraints that structure political, economic and social interaction.” (North, 1991), in
stitutions shape and are shaped by actors in technological change processes. In this study, we take into account three perspectives on 
institutions that have been discussed as crucial to understand transitions in the energy sector and innovation development and that 
conceptualize the empirical findings of the infrastructure studies summarized above: rational choice institutionalism, discursive 
institutionalism, and historical institutionalism (Andrews-Speed, 2016; Kern, 2011). We acknowledge the complex interplay between 
interests, ideas, and established formal and informal institutions as forces that have shaped the trajectory of ERS so far.

So far, studies of ERS itself and studies comparing ERS to stationary charging have focused on economic factors (Deshpande et al., 
2023; Grüter, 2023; Grüter et al., 2023), techno-economic modelling (Rogstadius, 2022a, 2022b), market demand, and infrastructure 
requirements (Plötz et al., 2021). Early research about the social dimensions of an infrastructure rollout for dynamic charging has been 
carried out as well, focusing on acceptance and actor networks (Burghard et al., 2024; Scherrer et al., 2020). However, there is a 
research gap on the politics and institutions of ERS development. Except for an early transition study on actor-related barriers to 
catenary hybrid trucks by Scherrer et al. (2020), no study has looked into the institutional dimension of ERS or has addressed the 
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interaction of ERS with stationary charging from this perspective. Finally, the studies carried out so far with a socio-political 
perspective on ERS have predominantly focussed on Germany; however, to understand the diffusion of ERS from an institutional 
lens, a European perspective is important. Our research aim is consequently to find out how institutions affect the development and 
diffusion of ERS infrastructure in Europe.

To answer this, we study how ERS developed as an option for charging heavy-duty vehicles, which institutions and actors have been 
central for shaping this development, and how these relate to the parallel developments around stationary charging.2 We add to 
previous literature by addressing the institutional context and institutional work associated with constructing large infrastructure in an 
ongoing net-zero transition where multiple options are still possible. We zoom in on the decision process within the existing insti
tutional context based on evidence from interviews with policymakers in eight European countries, supported by an analysis of 
documents and event observations (see supplementary material).

Our paper is structured as follows: Section 2 introduces the case of ERS. Section 3 summarises the existing literature on the 
decarbonization and transformation of infrastructure and connects the theoretical literature on institutions to our case of infrastructure 
diffusion in an ongoing net-zero transition. In section 4, we describe our qualitative research approach. Section 5 presents the results 
with specific attention to developments over time and interactions between actors, institutions, and technologies. Finally, in section 6, 
we discuss our findings and their implications for policymaking and section 7 concludes the paper with final reflections on the paper’s 
contributions and limitations and avenues for further research.

2. The case of dynamic charging: Electric road system technologies in Europe

Electric Road Systems (ERS) describe electricity-transferring infrastructure that can be installed in or above roads to supply hybrid- 
or fully electric vehicles with energy while driving, i.e., in a dynamic way. Three ERS options have been discussed for Europe: 
conductive road (rail) systems, inductive solutions and overhead catenary systems. Conductive systems include conductor rails 
embedded in the road, and inductive systems include contactless power transfer between the vehicle and the infrastructure. Catenary 
trucks (CT) are powered by an electric motor and draw their traction power from overhead lines (Gnann et al., 2023). Due to the 
possibility to charge while driving, key advantages of these technologies over stationary charging that have been discussed are higher 
energy efficiency and fewer resource and space requirements.

ERS technologies are embedded in a wider transition that is ongoing in the sector of heavy-duty road transport. Direct electric 
concepts, i.e. both dynamic and stationary charging, are the main alternative technologies that can cover large parts of road freight 
transport. These concepts are technically feasible and offer the best climate balance (Gnann et al., 2022). Stationary charging rep
resents a major development that has already started in the car sector. Other alternative technologies have been discussed as well for 
heavy-duty road traffic, such as Fuel Cell Electric Vehicles (FCEV) and the use of Power-to-Liquid (PtL) fuels.

Catenary systems have dominated the European discussions about ERS. However, with the exception of Germany, which has 
included catenary systems in their Overall Approach to Climate-Friendly Commercial Vehicles (BMDV, 2020), no other country has 
indicated an exclusive focus on one of the three ERS options of conductive road (rail) systems, inductive solutions or overhead catenary 
systems. Hitherto, different ERS technologies have been considered by policymakers as an option to electrify (heavy-duty) road 
transport in eight European countries (see Table 1 and Table 2).3

ERS activities for road freight transport took off in 2010 when Siemens developed the first catenary solutions for trucks, supported 
by public funding in Germany (BMWK, 2011; Siemens, 2012). Five years later, the first government-organised trial on a public road 
took place in Sweden in 2016 (Scherrer et al., 2020),4 followed in 2019, 2020, and 2021 by three more government-financed test 
tracks, this time in Germany (ELISA [33; 48], FESH (Kiel and GmbH. , 2023), and eWayBW (Fünfschilling and Truffer, 2016). However, 
the funding period for all three projects has now expired. In Sweden, two additional field trials also addressed ground-based conductive 
and inductive solutions for heavy-duty vehicles.5 In Italy, the Concessioni Autostradali Lombarde (CAL) S.p.A. organised a private 
consortium, which started to test inductive solutions by Electreon for heavy-duty vehicles with a focus on buses in 2021 (26). Finally, 
French studies and working group outcomes have found conductive road rail solutions as the most promising option so far, which for 
example French company Alstom has developed for trams but has not yet staged a field trial. Table 1 provides an overview of the key 
activities and manufacturers in each country examined in our case study.6

Until 2022 (the time of our interviews), all vehicles in the catenary field trials had been diesel hybrids, but since then fully electric 
catenary trucks have been tested and both Siemens and Scania as the main providers of catenary ERS infrastructure and vehicle 

2 As our case of competing infrastructure systems goes beyond individual product configurations, we do not build on the innovation studies 
literature on dominant design. However, questions of dominant design, such as the struggle between the CCS versus Chademo standard for charging 
battery-electric vehicles, are closely related to our case and involve some of the same actors. The interconnections in the politics behind these 
struggles could hence be studied separately in the future.

3 Research evaluations have also been done in Belgium and Hungary but no information about the involvement of policymakers in these countries 
was known at the time of performing this study.

4 Square brackets refer to documents and interviews of the case study listed in Appendix A.
5 The conductive ground-based solution was tested with the company Elways from 2017 to 2019 and with the company Elonroad from 2020 

(project start 2019) [81]. Testing the inductive solution with the company Electreon started in 2019 (Siemens. , 2012) and; after its initial pilot 
conclusion in 2022, was extended further.

6 Norway, a leader in the electrification of passenger cars, is interestingly not pursuing any activities around ERS in heavy duty electrification.
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technology consider this to be the main setup for the future (Plötz et al., 2020). A combination of catenary infrastructure with battery- 
electric and fuel cell electric vehicles had also been considered by the German government [15, p.17]. However, the early focus on 
hybrid vehicles is important to keep in mind when interpretating the results of our study, particularly due to the technological lim
itations of batteries at the time. In the trials with conductive road rail and inductive solutions on test roads, fully battery-electric 
vehicles were used. In this paper, the focus lies on tracing the conductive ERS with overhead catenary but with reference to all 
other ERS technologies as they have been discussed in the European ERS actor network over time.

3. Literature review and theoretical framework

3.1. The politics of infrastructure development: Insights from research on network industries and technological change in transitions

To date, no sizeable literature exists on the politics of developing complementary (charging or fuelling) infrastructures for a novel 
(vehicle) technology, especially where multiple technological options are possible. Additionally, apart from Scherrer et al. (2020) no 
study has been published that addresses the development of ERS from a social science perspective. This study is focussed on the initial 
development phase with its empirical data ending in 2018 and focussed on actor-related barriers and catenary trucks. Its main 
identified barriers for the development of catenary trucks – more support from actor coalitions, precise and broadly accepted ex
pectations, and reducing regime actor resistance – can therefore only serve as a starting point for our analysis and leave the gap of 
studying later phases, other ERS technologies, other countries and the supranational level as well as the role of competing infra
structure options such as stationary charging. We therefore look to literature on network industries and studies on the transition of 
infrastructure-based socio-technical systems in general to provide further insights on key factors and further research needs for un
derstanding infrastructure transitions.

“Network industries” are long-lived and capital-intensive infrastructures such as the electricity, gas, or telecommunications net
works that have monopolistic or quasi-monopolistic characteristics (Economides, 2006). There are two types of network industries. 
The first type are large-scale infrastructures, such as the electricity system. To be beneficial, they require large upfront investments and 
construction to connect producers and users. The more users are connected and use the system, the more affordable it becomes, paying 
back initial investments. The second type are network industries in the narrower sense, which only provide services once enough other 
users are using them, such as the telecommunications network. Given our case of ERS, in the following we focus on the first type, i.e. 
large infrastructure networks.

The literature on network industries shows that the network characteristics of certain infrastructure technologies require 
governmental commitment and specific attention to potential lock-ins. Proactive private investment in large infrastructure is difficult 
to realise, because it necessitates coordination between multiple stakeholders, initial costs are high, and there is uncertainty about how 
many future users there will be. To address this difficulty, governments can take on or minimise risks for private actors, for example, 
through commitments and contracts as formal institutions. Such commitment can, however, lead to path dependencies because users 
adopt the technology and infrastructure that is available first and used by most other users, incentivizing further network extension. 
The literature suggests that such lock-ins can be reduced by ensuring complementarities between alternative systems so that users have 
the opportunity to switch later on (David & Bunn, 1988; Farrell & Klemperer, 2007). Private interests are usually geared towards 
competition between systems so governments can have a key role in ensuring such complementarities.

Empirical studies have found that the network character and large scale of infrastructure and the multiple actors from government 
and industry that are necessary for their development and construction are particular challenges for infrastructure transitions but that 
these can be overcome through particular institutional constellations and dynamics in which powerful actors unite their interests 
under joint visions and narratives and support an innovation by matching it to existing rules or by changing institutions. For example in 
the historical case of tram systems in France, Turnheim and Geels (2019) found that five key factors were able to speed up the diffusion: 
committed actor alliances, the inclusion of incumbent actors from related sectors, a clear direction given by a federal ministry, 
coherent visions of the future, and influential projects that led to joint learning. The identified importance of committed actor alliances 
matched the authors’ expectation that coalitions and narratives would be crucial to justify the policy support for innovations and to 
change institutional rules – a necessary element for niches to assert themselves against the entrenched rules and institutions of the 
regime in the transitions terms used by the authors (Turnheim & Geels, 2019). As the only study addressing multiple competing 
infrastructure options, Fünfschilling and Truffer (2016) have found that in the transformation of the Australian water sector, “the 
battle between desalination and recycling was ultimately decided by how successful actors engaged in institutional work“ 
(Fünfschilling & Truffer, 2016, p. 305). Institutional work describes activities with the goals of creating, maintaining or disrupting 
institutions to support a particular technology or approach. Bolton and Foxon (2015) found that long-term and large-scale investments 
have been a central barrier for transforming electricity and heat infrastructures. They have suggested that tackling the observed 
“fragmented sector structures and a lack of a clear and consistent overarching framework for low carbon infrastructure governance” 
(Bolton & Foxon, 2015, p. 549), i.e. establishing overarching institutional rules or venues, could address such challenges. Similarly, 
Dutton and Lockwood (2017) found that the development of electricity infrastructure connections between countries requires the 
coordination between stakeholders and could be aided by a “more coordinated institutional regime” (p.382) for interconnections in 
Europe.

Despite the different approaches involved, the existing literature therefore highlights the central importance of three institutional 
factors to accommodate novel technologies when establishing new large-scale infrastructure: joint visions and narratives (which 
institutional literature summarizes under ideas), actor alliances and government commitments (which institutional literature captures 
as interests), and institutional change through institutional work of these actors (the formal and informal institutions of institutional 
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literature). To build on these previous findings and analyse our case, we hence require a theoretical framework which centres in
stitutions and the changes therein, with particular attention to actors and their interests and ideas for shaping the ongoing net-zero 
transition in heavy-duty road transport.

3.2. The role of institutions for infrastructure development

To conceptualize and bring together the factors identified by the empirical literature in section 3.1, we build on a broad definition 
of institutions from three strands of institutional literature. Institutions are the formal and informal “humanly devised constraints that 
structure political, economic and social interaction.” (North, 1991). To accommodate both the active and the structural factors 
identified as important for successful infrastructure change in previous literature, we consider three central strands through which 
institutions have been studied: rational choice institutionalism, which emphasises interests in the formation or change of institutions; 
discursive institutionalism, which emphasises ideas in the formation or change of institutions; and historical institutionalism, which 
emphasises the role of codified, long-standing institutions like regulatory frameworks (formal) or practices (informal), in constraining 
and shaping these interests and the acceptability of ideas (Lowndes & Roberts, 2013). As noted, developing a new technology and 
successfully establishing it in the socio-technical system of a sector requires both working within established institutional boundaries 
and undertaking institutional work to change them where they do not properly accommodate the novel technology. A good match with 
established interests, ideas, and institutions can therefore be as beneficial for a novel technology as a powerful position from which to 
initiate adjustments.

First, rationalist accounts of politics generally see actors as driven by interests (Kern, 2011). These are often assumed to be economic 
interests, but in fact vary according to the nature of the actors and their institutional position. For example, we can expect policymakers 
to make decisions driven partly by electoral interests and companies to make decisions driven by profits and maintaining their market 
position. Here, we follow the observation by Kern (2011) that, in large system transformations such as the re-organisation of the energy 
system, actors face uncertainties and do not always know which future system configuration would best suit their interests. We 
therefore consider interests as dynamic as actors learn more.

Second, ideas, the key element of discursive institutionalism, represent a shared understanding between actors of what is possible 
and desired – substantiating the joint visions that have been identified as crucial for the success of infrastructure transitions. Ideas can 
contribute to a certain “policy image” (Baumgartner & Jones, 2009, p. 31) or establish “new problem framings [that] can trigger 
political change” (Kern, 2011, p. 1119). Blyth (2002) argues that the role of ideas in driving change is particularly important in 
conditions of uncertainty. Framing a new technology in a certain way and connecting it to a specific problem and course of action, what 
Campbell (1998) calls a “programmatic idea”, can underline its match or mismatch with the interests of actors and whether the 
technology aligns well with existing institutions. Ideas can also be understood as the established, underlying assumptions about who is 
responsible for making decisions on a specific policy issue and in what ways. Hall (1993) calls this a policy paradigm, which represents 
“a framework of ideas and standards that specifies […] the very nature of the problems [the policies] are meant to be addressing” 
(p.279). How far net-zero innovation and alternative infrastructure development is a responsibility of the state versus industry can be 
determined by such underlying ideas as they are a “prism through which policymakers [see] the economy as well as their own role 
within it” (p.279).

Third, established institutions such as regulatory frameworks (formal) or business practices (informal) determine who can make, 
block or influence decision-making and how easily particular solutions can be considered (Steinmo et al., 1992). The power to initiate 
(technological) change is thus determined by existing institutions and the overall institutional setup of a state as described by historical 
institutionalism, especially institutional arrangements within relevant parts of the state. For example, Dutton and Lockwood (2017)’s 

Table 1 
Overview of ERS activities and manufacturers in sorted from most to least activities.

Country Key ERS activities1 ERS infrastructure 
manufacturer(s)

Leading European HDV 
manufacturer(s)

Sweden Field trials on all ERS technologies; National program for electrification of national 
roads (incl. procurement process for an electric road)

Elways 
Elonroad

Scania (Traton Group), 
Volvo

Germany Public R&D funding for catenary technology development and evaluation studies; three 
catenary field trials; initial plans for HDV innovation clusters including ERS

Siemens Daimler Truck

France Three working groups for evaluation of ERS and working group reports; project call, 
funding support

Alstom Renault Trucks (Volvo 
Group)

Italy Government report to evaluate ERS; private consortium testing inductive solutions (Electreon; not Italian) IVECO
Netherlands Ministry-issued comparative evaluation study of ERS and other HDV decarbonisation 

options; evaluation of an implementation of catenary ERS
− DAF Trucks (Paccar)

Austria Government-funded evaluation study of ERS for Austrian context − −

Denmark Parliament infrastructure agreement put ERS on agenda for research; evaluation study 
on ERS by Road Directorate with in-house consultant

− −

UK Government-funded ERS feasibility study; initial inclusion in Zero Emission Road 
Freight (ZERFT) and Demonstration programme; later excluded from scope of the 
funding

− −

1See Appendix A for a more extensive overview and for references to the list of sources in the supplementary material.
Note: Table entries are sorted by time of involvement and degree of activities in the respective country.
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study of infrastructure developments finds that the institutional entry points that a group of supporting actors “may have for actually 
influencing the decision” (p.367) is a crucial aspect for how far their interests are represented and ultimately the success of the project. 
The concept of ‘policy venues’ by Baumgartner and Jones (2009) captures this through “institutional locations where authoritative 
decisions are made concerning a given issue” (p.32). According to Turnpenny et al. (2015) these venues can “exist at different levels of 
governance (nation state versus supra/subnational); and within or outside the structures of the state” (p.11).

3.3. Theoretical framework of interests, ideas, and established institutions

Fig. 1 brings together previous findings and the three institutional perspectives of interests, ideas, and institutions into a joint 
framework for our analysis. Based on previous findings, we expect that accounting for all three pillars is necessary for a successful 
transition of infrastructures. We also assume that a successful fulfilment of all pillars is not static but that changes in each of the three 
dimensions can determine the success, stagnation or failure of the novel infrastructure as the transition develops. Below, we further 
explain the individual elements and connections in the framework.

Interests are crucial to initiate technological change as they provide the impetus and visions that go beyond the status quo, as it is 
represented by ideas and institutions. For a topic like heavy-duty road transport, which is crucial for the functioning of society but not 
attached to the everyday behaviour of citizens, we expect the interests of government and industry to play the most central role, 
focussing our analysis on their perspectives. To explain the (lack of) success of ERS, we therefore need to take a closer look at the extent 
to which the technology aligns with the interests of these actors over the course of the ongoing transition, how successfully they are 
coordinating around joint interests, and whether they have the institutional access (or the ability to change institutions) necessary to 
change rules to accommodate ERS.

Continuity in underlying ideas can favour technologies that align well with existing policy paradigms and problem framings. If a 
new technology does not easily match these pre-existing ideas, actors wanting to develop the technology need to establish a joint vision 
that supports their interests with a convincing connection to and fulfilment of existing paradigms and framings or that allows them to 
introduce and unite their interests behind novel, powerful ideas. When underlying ideas change, formal institutions can change as well 
but the literature so far has shown that this requires active work by actors with central interests in the technology. Consequently, 
analysis needs to also pay attention to the existing and novel ideas to which actors refer and which they utilize to establish ERS as an 
alternative to the existing and competing technologies.

Actor alliances that unite behind joint interests and visions are restricted by the established formal and informal rules that govern 
the sector in question. Within these existing institutional structures, they can either work on the fit of the novel technology within these 
boundaries or need to adjust them. Both pathways require them to be heard within the sector and beyond. To analyse the influence of 

Fig. 1. Theoretical framework of the role of interests, ideas, and institutions for the successful development and diffusion of infrastructure 
innovations.
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institutions on the diffusion of ERS, we consequently also need to examine whether existing venues accommodate the technology and 
its proponents and where barriers to such access lie. Based on our literature review and theoretical framework, we refine our research 
aim to study the following research question:

How do interests, ideas and established institutions (including policy venues) interact and shape the development and diffusion of ERS 
infrastructure in Europe?

4. Methods

In the following, we outline the methodological approach of our study and provide an overview of the collected and analysed data.

4.1. Methodological approach

A qualitative research design was used to analyse the infrastructure politics shaping the development of ERS over time. This 
approach was chosen as it enables in-depth understanding regarding new technologies and complex systems, such as ERS. We con
ducted a case study as this allows the analysis of complex, contemporary events and processes, where no specific linear relationships 
can be expected and explanatory answers are sought (Yin, 2009). We focused on Europe as the emission standards for heavy goods 
vehicles here are amongst the strictest in the world, making a substitution of technologies necessary that goes beyond short-haul 
applications and includes zero-emissions technologies such as battery-electric trucks. Europe is also the context in which ERS have 
been discussed most widely, with only small, isolated initiatives on other continents, such as a single trial in the U.S. (Siemens, 2017). 
We selected eight European countries for our analysis: Austria, Denmark, France, Germany, Italy, the Netherlands, Sweden, and Great 
Britain. These have been chosen because in these countries policy makers consider(ed) ERS as an option for electrification of (heavy) 
road transport (see Table 1 and Table 2). While this means that the case study involves a comparative element, ERS activities between 
countries were highly connected and involved internationally active business and research actors as well as the EU governance level. 
Rather than performing a comparative case study between individual nation-states, we therefore decided to choose ERS developments 
across Europe as our case and to focus on interconnections. Nevertheless, we still point out the particularities of different national 
contexts as embedded units of analysis in the results and discussion section.

4.2. Data collection and data analysis

The primary data collected for this research were insights from semi-structured expert interviews with policymakers in eight 
European countries conducted between January and November 2022. To gather multiple perspectives in the small community of 
actors involved in ERS, in addition to policymakers at ministries, other actors from government agencies, research, and industry were 
also interviewed because of their substantial involvement in ERS activities in the respective country. Table 2 provides an overview of 
the 22 interviews conducted by a team of four researchers, with the first author being in charge of leading the team and responsible for 
interviews in Austria, Denmark, Germany, the Netherlands and at the EU level. Interviews in France, Italy and Sweden were each 
conducted by an expert researcher of the project team.7

The interview guideline was semi-structured, providing clear guidance for the interviewers to ensure comparability of findings 
across countries, while being also flexible enough to help us better understand unique country specifics. It included questions on the 
following main topics: the causes and motivations for a country to become involved in the topic of ERS, previous and ongoing key 
activities, the country’s technology focus amongst the multiple ERS technologies, the role of ERS in national plans to decarbonise 
heavy road transport, perceived advantages and disadvantages of the technology, comparisons with competing technologies, general 
attitudes towards the technology, perceived acceptance by other actors and the general public, perceptions of the regulatory context as 
well as expectations towards the future development of the innovation system around catenary trucks and overhead lines. For the EU 
level, country-specific questions were substituted by questions about activities at EU level. All the interviews followed the same list of 
questions and were conducted via MS Teams in German or English. The interviews lasted between 26 and 120 min, with an average of 
53 min. All interviews were recorded and then transcribed.

Interview data were supplemented with documents and event observations (see supplementary material for a full list). Where these 
appear in the text, they are referenced by numbers in square brackets, corresponding to the IDs in the supplementary material. The 
documentary sources included publications by governments, such as roadmaps for decarbonisation, as well as research reports of 
publicly funded research and related industry documents. Furthermore, observational notes from conferences, webinars, and project 
meetings in the dynamic charging community and the wider policy context on charging infrastructure to which the first author had 
access were used to substantiate statements made in the interviews.

Regarding the analysis of our data, we proceeded as follows. To account for timing and context, each interview and document 
(including observation notes from events) were assigned variables representing the date, country, and communicating actors. We then 
hand-coded the text-based data in the MAXQDA software using a qualitative, thematic approach, which combined a deductive and 
inductive element. First, all material was coded based on the main concepts of interests, ideas, and institutions and cross-coded for the 
technologies under study. Coded technologies were the focal technologies of ERS for trucks (conductive catenary, conductive road rail, 

7 In line with the composition of the sector in both government and industry, our respondents were predominantly male, middle-aged and 
university-educated. This reflects the managerial reality of the sector and introduces no further bias to reality.
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inductive), the alternative technology of stationary charging for trucks (regular charging, fast charging), and component technologies 
such as batteries. In a second round, the segments under each main code were re-coded in an inductive manner to identify themes. The 
main themes are discussed in the respective results sections.

5. ERS between 2010 and 2022: The struggle to move beyond pre-development and change mainstream institutions under 
competition

In this section, we critically analyse the case study material based on the empirical knowledge on infrastructure in transitions and 
the wider literature on successful institutional change. We explore how institutions have both supported and restricted the devel
opment trajectory of ERS and how institutions were in turn changed by policymakers to accommodate ERS. Specifically, we refer back 
to our theoretical framework, addressing the appearance and interplay of the three strands of rational choice (interests), discursive 
(ideas), and historical (formal and informal institutions and venues) institutionalism.8 We trace the case of ERS in two stages: from the 
emergence of ERS between 2010 and 2017 to widening niche activities under increasing competition between 2018 and 2022. For both 
phases we find that Germany was the most important location for the development of ERS, and therefore the German case and the 
technology of catenary trucks can be seen as an anchor for the observed development.

5.1. 2010–––2017: Early institutional enablers: Funding programs, a clear purpose, and regulatory exemptions

5.1.1. Funding programs as a first push
Public funding programs in Germany and Sweden were the key institution that facilitated the first developments in ERS for the 

decarbonization of heavy-duty long-haul road transport [INST]. Cornerstones were the public field trials in Sweden (starting in 2016) 
and Germany (starting in 2019) with accompanying research that allowed testing three types of ERS: catenary overhead technology in 
both countries (Kiel and GmbH. , 2023; Fünfschilling and Truffer, 2016; Kingdon, 1995; Scherrer et al., 2020; Speth et al., 2025),9 as 
well as catenary ground-based and inductive technology in Sweden [46, 81]. The funding program for the field trials in Germany 
(“Erneuerbar Mobil”) had also supported the early R&D on catenary trucks by Siemens starting in 2010. This German funding program 

Table 2 
Overview of expert interviews.

Country / Institution Interview 
ID

Actor type (n = number of interviewees per organisation) Interviewer ID1

Austria AUT-1 Federal ministry (n = 1) A
​ AUT-2 Government agency (n = 1) A
​ AUT-3 Publicly owned infrastructure corporation (n = 1) A
​ AUT-4 Research association (n = 1) A
Denmark DEN-1 Government agency (n = 1) A
​ DEN-2 Trade association (n = 1) A
​ DEN-3 Infrastructure developer (n = 2) A
France FRA-1 Government agency (n = 1) 

University (n = 1) 
Consulting firm (n = 1)

B

​ FRA-2 Infrastructure producer (n = 1) B
Germany GER-1 Federal ministry (n = 1) A
​ GER-2 Government agency (n = 2) A
​ GER-3 Industry association (n = 1) A
Italy ITA-1 Advisor to federal ministry (n = 1) C
​ ITA-2 Motorway management company (n = 1) C
Netherlands NED-1 Federal ministry (n = 1) A
​ NED-2 Government agency (n = 1) A
Sweden SWE-1 Government agency (n = 1) D
​ SWE-2 Engineering and consulting firm (n = 1) D
​ SWE-3 Truck manufacturer (n = 1) D
UK GBR-1 Government department (n = 1) A
EU EU-1 German member of the European Parliament (n = 1) A
​ EU-2 German expert at international environmental NGO (n = 1) A

1The majority of interviews was conducted by the first author (ID = A) with some support from the third author for the interviews in Sweden (ID = D) 
and two additional project researchers for the interviews in France (ID = B) and Italy (ID = C).
Note: Sorted alphabetically by country name.

8 We highlight these connections to the three-strand framework through the following abbreviations in brackets: [INT] for results primarily 
related to interests, [IDEA] for results primarily related to ideas, and [INST] for codified institutions and venues.

9 Numbers in square brackets refer to the documents and event observations, which were analyzed in addition to the conducted interviews (see 
Appendix A for the full list).

A. Scherrer et al.                                                                                                                                                                                                       Transportation Research Part D 153 (2026) 105154 

8 



(Dutton and Lockwood, 2017; Rogstadius, 2022; Rogstadius, 2020–2050.) as well as the Swedish funds preparing the 2017 “National 
roadmap for electric road systems” [77, 81] also enabled evaluation studies to demonstrate the theoretical techno-economic suitability 
of ERS to contribute to the political decarbonization goals. In addition to a small trial by Siemens outside the EU in the harbour of Long 
Beach in California (Siemens, 2017), these opportunities marked the start for later developments in ERS in Europe.

5.1.2. Electrifying long-haul as the central justification
The projects built on one key idea: ERS were considered the only option for electrifying heavy-duty long-haul transport at the time 

[IDEA] [GER-1, SWE-2]. The idea of electrifying long-haul road transport linked up with the key government interest of reaching net- 
zero emissions in the growing heavy-duty road sector [INT]. Natural gas vehicles were becoming available but offered only partial 
emission reductions and hydrogen fuel cell trucks were expected to be available only after 2030. Batteries and stationary charging 
could not meet the requirements for long-haul applications at this stage. Their capacities either required more frequent stops than the 
mandated driver breaks or, if dimensioned larger, took up too much space and weight in the vehicle. Consequently, as one German 
policymaker described: 

“[…] the many conversations that [government] actors back then had with the vehicle manufacturers basically showed that it was 
unimaginable that one could just have very heavy trucks drive around on batteries. […]. That was, I believe, the trigger [for looking into 
ERS] back then.” [GER-1].

A Swedish researcher and a manager at a vehicle manufacturer corroborated this with the same impression of the early ERS efforts 
in Sweden: 

“Around 2011, Trafikverket took up the idea of building or at least analysing Electric Road Systems. Because back then, batteries were 
just too large and heavy [for electrifying the heavy-duty vehicles], and hydrogen was also very distant in the future.“ [SWE-2].

There was hence a window of opportunity from around 2010 to 2017 for more radical solutions like ERS to receive government 
funding, which has since narrowed substantially.

5.1.3. Institutional short-cuts for the field trials
In Germany, the field trials for catenary trucks could be implemented much faster than regular infrastructure projects because they 

enjoyed policy exemptions. Actors of the field trials engaged in institutional work and reached an agreement with the legislator that 
the trials would be considered temporary experiments, to be taken down after completion. By not counting as permanent infra
structure, they were thus exempt from the environmental impact assessment that projects of this magnitude would regularly require 
before implementation [INST]. Additionally, the complex task of measuring the transferred energy, setting up a corresponding billing 
system and the necessary standardization process were not considered necessary yet and associated logistics companies in the field 
trials received energy for free.

A combination of dedicated funding programs [INST], ideas driven by a clear purpose [INT, IDEA], and regulatory exemptions 
[INST] hence laid the groundwork for ERS to be developed and for field trials to be established.

5.1.4. Off-centre actors with the greatest interest in establishing multi-sector innovation but with less institutional power
A look at interests and historical ties, however, reveals that while ERS matched the interests of multiple powerful actors, these 

actors did not occupy a central position in the existing institutions of road transport [INT, INST]. Siemens, as the supplier of catenary 
infrastructure for the field trials in Germany has a broad portfolio, including energy and rail technologies, but had not been active in 
road transport previously. The German Environmental Ministry (BMU) and later the then responsible Federal Ministry for Economic 
Affairs and Climate Action (BMWK), had expertise in the environmental and climate aspects of transport but were not as central as the 
Transport Ministry (BMDV) in determining the future of the transport sector. Scania, as the supplier of all catenary vehicles in the 
German trials, represented the only actor with an already central position in road transport but with its main political leverage and 
historical ties in Sweden. Suppliers of the two other ERS technologies in Sweden were small start-ups, which had no institutional 
leverage yet, and Volvo as the other large Swedish manufacturer had decided against supporting ERS after expressing an initial interest 
(Scherrer & Rogge, 2025). Additionally, the key German truck manufacturer Daimler voiced a critical position towards catenary trucks 
early on [89].

The resulting challenge to accommodate and support ERS institutionally was reinforced by the fact that Siemens, as an off-centre 
actor, was much more active in institutional work than the transport-oriented vehicle manufacturer Scania – a point that became clear 
in the interviews, with most country and EU representatives stating that they first came into contact with the technology through a 
representative of Siemens.

5.1.5. ERS challenging the sector design
The field trials also showed that ERS required adjustments to the overall sector design and that their novelty and unclear rela

tionship with alternatives left room for public sensemaking, including critical voices. An ERS setup markedly differs from the 
established sectoral institutions between diesel vehicle manufacturers and oil companies, with fuel stations as fixed supply points 
[IDEA]. Rather, ERS require a new collaboration between infrastructure and vehicle producers to allow for the transfer of energy, e.g., 
through a pantograph. They also necessitate the setup of infrastructure management in the control room of the local energy provider, 
and the involvement of additional intermediaries to allow for billing [INST]. By shifting from a point source to a line infrastructure, 
vehicles become moving electricity users, which requires the build-up, organization, and trust in such a more central infrastructure.
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From 2010 to 2017 this shift in the overall sector design was not overtly discussed and the limitations of batteries were sufficient for 
policymakers to consider ERS as a promising option for covering long distances electrically. The relationship and complementarity of 
ERS with comparable technologies consequently remained undefined and were not actively communicated to the public [IDEA]. Due 
to the low-salience nature of trucks in everyday life, public engagement with the technology in the media and by local politicians and 
citizens in Germany was sparked by the field trials rather than the overall promises for electrifying long haul road transport laid out in 
the government’s strategy. Early narratives in the German public discourse drew comparisons with rail and saw a potential compe
tition there [88], questioned the technology’s innovativeness through comparisons with older solutions like catenary buses in cities, 
and critiqued the aesthetics of the catenary infrastructure [IDEA] (Burghard et al., 2024). While from the perspective of policymakers 
and infrastructure manufacturers, these parallels with existing technologies, particularly from the rail sector, were considered ad
vantageous due to existing competencies [GER-2], they also triggered public criticism.

5.2. 2018 – 2022: Stagnation of early movers, growing but divergent interest across Europe and battery-electric competition

5.2.1. No new activities by early movers and a fraying narrative
After the first phase of research and field trials, ERS received institutional acknowledgement as a decarbonization option for road 

freight transport in Germany and Sweden, but R&D support stagnated [INST]. In Germany, a key policy document planning the 
decarbonization of heavy-duty road freight transport published in 2020 included catenary trucks as one of three focus technologies, 
next to battery-electric and fuel cell electric vehicles (Grüter, 2023). Around the same time, the main responsibility for ERS was 
transferred again, this time from the Federal Ministry for Economic Affairs and Climate Action (BMWK), which was initially headed by 
the Social Democrats (SPD) and later by the Greens (Die Grünen), to the Federal Ministry for Digital and Transport (BMDV), which was 
led by the Liberals (FDP) and had authored the document10 [INT, INST]. After the change in responsibilities, the BMDV initiated ad- 
hoc taskforces on all three focus technologies, each engaging with different sets of researchers and industry experts. Subsequently, 
three innovation clusters for research including infrastructure build-up were announced, with project consortia submitting proposals 
including all three technologies. However, only the innovation cluster on stationary megawatt charging was swiftly implemented and 
no decision was made for the two clusters that included ERS [INST] [26, 90]. This focus on high-speed stationary charging by the 
liberal-led Transport Ministry matched the interests of the German vehicle manufacturers, which focused on battery-electric and fuel- 
cell electric vehicles and stationary charging for trucks rather than ERS. The design of stationary charging enabled the stepwise buildup 
of charging infrastructure to support vehicle sales for meeting the EU fleet emission reduction targets and was therefore the easier 
‘institutional fit’ for their interests. Before the decision to not fund the ERS clusters, one interviewee pointed to the pivotal role of this 
development for ERS: 

“A lot hinges on what happens in the innovation clusters. […] If battery-electric vehicles continue to be in the focus and infrastructure is 
built for that, we miss the point in time to invest in catenary technology.” [GER-2].

The decision against the ERS innovation clusters lefts open the question of whether there was clear political support for ERS in 
Germany and whether there was institutional support for their further development, as had previously been the case with funding and 
regulatory exemptions [INST].

Similarly, the activities in Sweden first resulted in a tender for a large, electrified pilot route in 2020 [80]. However, the tender was 
later revoked by a new government with reference to budget cuts [INST]. An additional research report on dynamic charging in 2021 
concluded that ERS would need to be further evaluated and that the continuous development of batteries and stationary charging and 
the importance of biofuels should be given consideration [86]. One interviewee attributed this growing hesitancy towards ERS to a 
personnel change at the main initiating institution [INT]: 

“There was a very important man at the traffic department [who] is retired now. But he was pushing this a lot […]. And because of that, 
we saw the route in Sweden. Now, he has been replaced by [anonymised], who want[s] to […] check many different technologies” 
[SWE-3].

Changes in political responsibilities and governments hence had a decelerating effect on ERS in both countries.
This was exacerbated by a fraying narrative. The previously clearcut interest for ERS as the only solution to electrify long-haul no 

longer worked due to the improvements in batteries and stationary charging. As the interviewees’ responses showed, there was no 
clear narrative to replace this [IDEA]. The potential of the technology to increase resilience and lead to less dependencies on other 
countries such as Russia and China for batteries and the resources used in them was mentioned most frequently in the interviews across 
all countries except Austria and the UK and was connected by some interviewees directly to the landscape event of the energy crisis, 
which started in 2022. Policymakers also pointed to the greater efficiency in the use of funds by making batteries smaller and grid 
enhancements less concentrated and extensive; the reduced land-use for parking; and the potential for the technology to aid the 
fulfilment of EU policies if building stationary charging infrastructure quickly would prove challenging. With these advantages in 
mind, they imagined a combination of ERS with battery-electric vehicles as potentially synergetic [IDEA]. However, with the 
multiplication of narratives, the case for ERS became less clear-cut, while stationary charging for heavy-duty vehicles received more 
attention as a standalone solution, matching the institutional logic of decentralized, industry-led infrastructure development that 

10 Funding coordination for the ongoing research projects, including the field trials, stayed with the BMWK.
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would not require (international) government coordination.

5.2.2. Internationally growing but diverging interests
In other countries, interest in ERS and research activities in the form of evaluation studies grew after 2018, but divergent interests 

emerged without a clear joint vision for the specific type of ERS and its role in the future of the sector [INT]. In France, a small, bottom- 
up group of actors, which had learned about ERS through Swedish publications, was able to move the topic of ERS from informal 
exchanges to government-supported initiatives [INST]. However, due to a lack of governmental support, the initiation was challenging 
[FRA-1]: 

“[…] we are late […] due to the lack of funding because there was nothing yet in France. I tried six or seven years ago at European level; 
it was not possible. And we tried in Sweden, but they preferred to select a Swedish company.” [FRA-2].

The topic was, nevertheless, brought up repeatedly by a small actor alliance of researchers, consultants, and the tram industry and 
finally endorsed by the French Ministry of Transport, which organised a conference in October 2020 with government and industry 
stakeholders, followed by three working groups [INST] [FRA-1, 14]. The groups received no government funding but drew wide, 
voluntary attendance and resulted in three reports (Bundesministerium für Verkehr und Digitale Infrastruktur, 2020; Burghard et al., 
2024; Campbell, 1998) and a government project call in 2021 to establish a large ERS route [FRA-1, 6–8]. However, this project did not 
build on the field trial experience with catenary trucks in Germany. Rather, conductive road rail systems emerged as the preferred ERS 
option in France based on the preference for enabling the usage by both cars and trucks [INT] [FRA-1], which was not deemed 
necessary in other countries due to the availability of (fast) stationary charging [SWE-3]. Another reason for this particular technology 
choice were safety concerns that came up in the French working groups around overhead lines (Bundesministerium für Verkehr und 
Digitale Infrastruktur, 2020; Burghard et al., 2024; Campbell, 1998). Additionally, the French tram technology company Alstom was a 
key stakeholder in the discussions with its portfolio of ground conduction solutions [INT]. Consequently, the French activities added 
international interest but widened rather than consolidated the vision for future electric road systems and showcasing competing 
industry interests associated with the different technological ERS options.

Similarly, in Italy, interest in ERS developed without building on the catenary field trials in Sweden and Germany and an inductive 
solution was implemented in 2022 by a self-funded industry consortium of Electreon with the Italian bus and truck manufacturer 
IVECO [70–71]. Inductive systems were considered advantageous by the participants because they could cater passenger cars as well – 
similar to the argument for conductive rail ERS in France [INT]. It was believed that this would bring the technology higher up on the 
government agenda, which had given catenary technologies a neutral to positive evaluation in a government-issued report but, ac
cording to an interviewee, gave it an overall low priority [INT] [68, ITA-2]. In contrast to Alstom championing the ground conduction 
in France as competition to Siemens, IVECO was not considered to have a central interest in furthering inductive ERS [ITA-1], but the 
activities nevertheless frayed rather than unified the ERS vision.

In Austria, Denmark, the Netherlands, and Great Britain, evaluation studies on the decarbonization potential of ERS technologies 
were conducted between 2018 and 2022 based on the experiences made in Germany and Sweden. In Austria, a comparative evaluation 
study of all potential technologies for decarbonising road freight transport resulted in an inclusion of ERS in the official government 
roadmap in 2023 [INST] (ACEA., 2022). However, Austrian interviewees stressed that they considered their country a second mover in 
infrastructure build-up [AUT-4] and the same was highlighted by interviewees in Denmark and the Netherlands, pointing to the 
smaller size of the countries and their more peripheral role in heavy-duty road transport and the accompanying charging infrastructure 
decisions. At the time of the interviews, an evaluation study in Denmark and the development of a transport-specific decarbonisation 
roadmap were still ongoing. However, despite initial considerations, no implementation of ERS around the Fehmarn tunnel was 
pursued. In the Netherlands, extensive inter-departmental and international collaboration and the strong engagement of one policy 
officer provided the initial institutional access for ERS [INST] [NED-1, NED-2]. Until 2022, multiple evaluation studies had been 
conducted [72–74], and it was under discussion whether a test route would be established in the Netherlands. In Great Britain, an 
initial push for ERS from a feasibility study (Plötz et al., 2021) resulted in its inclusion as a technology option in government tenders in 
2022 for vehicle and infrastructure field trials [INST]. However, ERS were later taken out and only trials with battery-electric vehicles 
and fuel-cell electric vehicles and their infrastructures could receive funding.

The underlying assumption in the interviews across all countries was that eventually all countries would have to decide for one ERS 
system and that trucks would only have a connection for one type of ERS in addition to an outlet for stationary charging. Only such a 
joint approach would enable cross-border operability and ensure that no country would bear the risk of a potential infrastructure lock- 
in alone. The different technology foci and divergent interests described above conflicted with this vision. At the ERS symposium in 
2023, it became apparent that within the dynamic charging niche, there was still a “battle of the craftsmen” [researcher participant 
quote; 30] and that ERS infrastructure manufacturers, such as Siemens, Alstom, Elonroad or Electreon and policymakers from different 
countries had so far not aligned in a joint lobby for ERS with such a shared vision [INT].

This fragmentation also showed in standardization and road mapping activities at the EU level and globally. At these levels, 
institutional activities towards ERS increased after 2018 but remained peripheral or at the level of technical committees [INST]. As a 
formal institution, a process for developing a voluntary standard for ERS at CEN-CENELEC was initiated in 2022 (Turnpenny et al., 
2015; Yin, 2009). ERS were also included as a decarbonisation option for heavy-duty transport in a roadmap document for the EU 
under the Transport Research and Innovation Monitoring and Information System (TRIMIS) under the Strategic Transport Research 
and Innovation Agenda (STRIA), which is coordinated “with Member States and transport stakeholders” (Baumgartner and Jones, 
2009). It was also mentioned in a technology overview and evaluation published by ERTRAC, a research council with large industry 
participation (Tsemekidi Tzeiranaki et al., 2023). However, some interviewees observed that low levels of knowledge and opposing 
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positions still characterized the topic of ERS at the EU level: “[…] I talk with people of the Commission […] and the knowledge is really 
quite low and also some lobby which are not really in favour of ERS. [For example, in the] ad hoc working group on the energy and environment 
[…] they’re only focused on batteries, fast charging system and hydrogen. Nothing is said on ERS.“ [FRA-1]. Globally, a working group on 
ERS at the World Road Association (PIARC) was established [60–61], and Task 45 on electrified roadways was created in the HEV TCP 
group collaborating under the IEA framework [57]. However, membership in these activities varies and their connection to concrete 
policy developments in the decarbonization of heavy-duty road transport is unclear [INST].

5.2.3. Growing battery-electric competition and disconnected institutional venues with differing influence
After 2018, technological advances and a change in EU policy reinforced battery-electric trucks and stationary charging as tech

nologies at the centre and ERS as a technology option at the periphery − visible in the described disintegrating actor networks and 
interests and disconnected institutional venues [INT, INST]. As battery-electric vehicles and stationary charging fitted more easily into 
a market-based logic, because they could be built without large government coordination in a decentralized manner and with indi
vidual business models and fit established refuelling routines, underlying ideas about the role of the state and sectoral organization 
also worked against ERS [IDEA]. The following policy processes, interests, and ideas illustrate this development.

In 2019, the EU introduced CO2 fleet emission targets for heavy-duty vehicles (Regulation 2019/1242). To ensure appropriate sales 
numbers to reach these targets, manufacturers now had an interest in quickly building infrastructure for net-zero trucks [INT]. Due to 
large developments in battery and charging technologies, covering long-haul distances electrically was no longer limited to ERS but 
(fast) stationary charging along highways now presented a realistic option and did not require drastic adjustments to the sector logic 
and consequently, from an institutional perspective, its key underlying ideas: 

“For stationary charging, a big advantage is that this is relatively well known from passenger vehicles […] and matches the routine how it 
is now. […] I just drive to an electricity filling station, charge and take a break there.” [AUT-3].

Additionally, respondents noted that ERS were riskier for vehicle manufacturers because they relied on government to initiate the 
roll-out and ensure a sufficiently large network, whereas stationary charging could be built up more gradually and directly by vehicle 
manufacturers [INT, INST]. A German interviewee summarized: 

“[Truck OEMs] are relatively reluctant. Scania [even] sometimes say: ‘Well, if you set up an infrastructure for us, then we will also build 
the vehicles. But otherwise, we have to see that we reach the fleet emission targets […]. And for that we first rely on battery-electric trucks 
[and stationary] charging infrastructure […].” [GER-2].

This tendency corresponds with an underlying institutional idea that showed in the material. Except for the French respondents, 
who were open to the idea of strong government and a top-down solution, most experts adhere to the overall idea of providing niche 
support and start-up financing for new technologies but then wanting markets to take over [IDEA]. As one Swedish interviewee put it: 

“we wish […] that we can support niche development [but] hope of course that the market itself takes it further.” [SWE-1].

With government wanting to foster a market-suitable solution and manufacturers waiting for the government to make a decision, a 
classic hold-up problem resulted “in a kind of gridlock” [GER-1].

While the ERS community also supported a combination of both charging technologies and some policymakers considered this 
advantageous, the merits of such a solution had not been acknowledged widely by the vehicle industry [GER-1]: 

“I have the impression that some manufacturers, especially the one that is always very against it, are not aware that this has to be seen as 
a complementary measure.“ [GER-2].

Due to the strong influence of vehicle manufacturers on EU policymaking, the good match of gradually building stationary charging 
with their need to fulfil policy targets and their market-based approach, ERS advocates were at a disadvantage [INT, INST]. The EU 
policy process of changing the Alternative Fuel Infrastructure Directive (AFID, Directive 2014/94) into a regulation (AFIR), which 
started in 2021, illustrates the lack of a strong ERS lobby. This adjustment included more specific goals for infrastructure build-up and 
consequently required an evaluation of all infrastructure options that could be realistically implemented by Member States in the 
targeted time frame. The 2022 hearings [54] showed the large presence of the vehicle industry, which was strongly lobbying for their 
preferred solutions of (high power) stationary charging and hydrogen infrastructure [INT, INST]. The process also showed that 
Member States were hesitant to lobby for ERS – even German policymakers who had gained most knowledge from the three public field 
trials: 

“We of course always pondered, should [ERS] go in the AFIR now […]. We did not drive this very much […] because we do not believe, 
that […] would have resulted in a binding commitment like we have it for hydrogen fuel stations [or] for truck charging infrastructure. 
That would have been unthinkable […] for catenary. […] it is much too far away for most people.” [GER-1].

Member States with ERS activities had not bilaterally exchanged or built coalitions for supporting ERS at the government level 
despite the shared expectation that ERS would have to be championed by governments to be successful [INT]. They instead left these 
networking activities to the research projects, which, however, did not have a mandate for political coordination and decisions. 
Government exchange on ERS was scarce and predominantly initiated by second-mover countries with the hopes of consolidating 
views or receiving funding. As interviewees in the Netherlands summarised: 
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“Back in 2020, there was a meeting organised by someone from our innovation department with several German partners, ministry and 
companies to show like what was happening in Germany on the topic of ERS and to see whether Netherlands was at any interest.” [NED- 
2] and: “I would be happy to consider [future invitations]. These are the moments that we can exchange views and make it happen if it is 
necessary.” [NED-1].

Ad-hoc visits to test sites were administered by local field trial organisers with, for example, Danish, French, and Italian groups 
visiting the FESH trial [80, 81], and an Italian group visiting the ELISA trial [82]. However, these visits were disconnected from 
bilateral exchanges between countries at the Ministry level [INST]. Officials from the first mover Germany showed awareness of the 
importance of international exchange for ERS development, but also explained why they were not initiating exchange: 

“I can say it very openly, that these topics [can] slip through the cracks at the Ministry. Just because of a lack of capacities. Urgency is 
always defined nationally first. That may sound stupid and everybody is aware that technologies, not only catenary, must be addressed 
internationally – but this is naturally often a bit further away, more abstract. Time-consuming exchange for potentially not so many 
results.” [GER-1].

The mainstream focus on stationary charging and battery-electric vehicles and lack of integration with ERS activities also showed in 
policy-led sector events. A key event on decarbonising heavy-duty vehicles organised by the BMDV in Germany, for example, did not 
address ERS, leaving it to only be discussed shortly in an industry panel session, with predominantly negative comments by a 
hydrogen-focused manufacturer (Grüter et al., 2023). Events such as the 2023 ERS Symposium organised by the Swedish-German 
research collaboration on ERS addressed the combination with stationary charging (Lowndes and Roberts, 2013) while events on 
megawatt charging did not make reference to ERS and drew different attendants, illustrating the distinct rather than integrated 
institutional venues in which the options were still discussed [INST].

At the EU-level, in the version of the AFIR, which was the result of the trilogue in 2023, the main text finally included both precise 
requirements for stationary electric charging infrastructure and hydrogen charging infrastructure, while ERS were included in a 
footnote with a recommendation to the European Commission to initiate another assessment of the technology [INST] [EU-1]. As one 
interviewee from Austria summarised their perception of these latest developments: “If one only waits what happens in Brussels, it is not 
looking so good currently.” [AUT-3].

Fig. 2. Extended framework on the role and interplay of interests, ideas, and institutions for the successful development and diffusion of infra
structure innovations.

A. Scherrer et al.                                                                                                                                                                                                       Transportation Research Part D 153 (2026) 105154 

13 



6. Discussion and policy recommendations

In the following, we discuss our findings in relation to the literature and derive policy recommendations.

6.1. The role of interests, ideas, and institutions in the development and diffusion of ERS infrastructure

Our results show that a strong interplay of all three pillars of interests, ideas, and institutions was key for ERS to develop and to be 
considered as a central option for the decarbonisation of heavy-duty road transport in multiple countries. During this first stage, the 
technology was consistent with key interests and ideas of the sector – achieving long-distance low- to zero-carbon transport through 
R&D and trial funding of an industry that could develop and provide ERS solutions. Established funding schemes and regulatory 
exemptions ensured that the technology had a place in the established institutions and could build its own niche venues therein, with 
access to larger policy venues not being necessary yet.

However, the next phases transformed all three pillars; drastically challenging this early institutional arrangement. The difficulty of 
further developing ERS against these odds was further exacerbated by the competing and accelerating development of stationary 
charging for battery-electric heavy-duty vehicles which provided a more apparent and consistent fit across ideas and interests. While 
the overall interest of decarbonisation remained, policy changes at the EU level led to vehicle manufacturers having the greatest 
industry interest in decarbonisation and looking for solutions that would ensure zero-emission vehicles sales in a way they could 
control – consequently favouring stationary charging solutions that could be built in a decentralized manner, not requiring government 
coordination. Formal institutions reflected this focus and were steered further into battery-electric vehicles and stationary charging at 
the EU level rather than ERS. An uncoordinated interest coalition within ERS could not counteract these dynamics and the underlying 
idea of an eventually market-carried solution and a replacement for existing transport sector routines further stood against dynamic 
solutions. This was reflected in plans or tenders for larger ERS routes being revoked or not followed through in multiple countries from 
Sweden and Germany to the UK, France, and the Netherlands. Interests and ideas for ERS were not strong enough to succeed in this 
final institutional push.

Overall, this leads to three key takeaways for the interplay between interests, ideas, and institutions or venues that extend our 
initial theoretical framework (see Fig. 2). First, interests and ideas initiate or justify the adjustment or creation of formal and informal 
institutions or venues to accommodate a novel technology. Decreasing or fickle interests and ideas can therefore negatively impact the 
institutional access of a technology and therefore its diffusion. Second, institutions and access to venues determine which interests are 
at the forefront of the discourse. If no process exists for establishing new institutions or venues to facilitate coordination on the in
frastructure’s design and rollout across countries and governments, interests and ideas would have to be strong enough to accom
modate the technology within existing international venues. The technology and its concrete implementation would, for example, have 
to be centrally discussed in key policy venues of multiple individual countries, in bilateral exchanges between the Ministries of 
different countries, covered by their own funds, or in a running policy process at the EU level. Particularly given the “off-centre” 
position of ERS proponents like Siemens in the road transport sector, in comparison to vehicle manufacturers with key venue access, 
this compensation for the lack of a coordinating venue was not achieved in our analysed case. Third, underlying ideas are cemented by 
institutions, and one of these two pillars needs to change based on a large enough interest for the other to change as well. As the pillar 
closest to the actions of individuals or organisations, interests are therefore a key trigger for changes in ideas and institutions but are 
restricted by them and need enough strength and momentum to be able to initiate institutional change. Strong, stable, and united 
interests have proven to be a challenge in our analyzed case.

6.2. Extending previous findings on the challenges of infrastructure transitions

The characteristics of our case study on ERS allow us to add insights to the literature on infrastructure in transition in three main 
aspects.

6.2.1. Disadvantages of a mismatch between technology characteristics and the institutions that determine the roles for government and 
industry

Our analysis shows that the match, or lack thereof, between a technology’s characteristics and the institutions into which it is 
introduced can play a substantial role in its success. Neither technology characteristics alone nor the institutional context can pre- 
determine whether it will be successful. Otherwise, there would be no need for experimentation or field trials. However, tracing 
the development of ERS reveals the characteristics of a hold-up or coordination problem. When asking the interviewees about the 
reasons for ERS not having been built widely yet, they all pointed to the importance of governmental commitment. Governmental 
policymakers and policy documents, on the other hand, pointed to the importance of developing a market-backed solution, especially 
to support vehicle manufacturers as the most central actors in the transport industry. This focus on industry and markets for inno
vation, an idea rooted in neo-liberalism, clashes with the build-up of ERS as a line infrastructure, which requires government com
mitments and coordination that go beyond financial support in the early R&D and trial project phases. Much like water, rail or 
electricity infrastructure, ERS require up-front coordination and large investments into an initial core network.

Next to this core technology characteristic, the build-up of ERS also encountered the challenge that no unified lobby had formed 
behind one single ERS solution and that key ERS proponents like Siemens were “off-centre actors” in the road transport sector. 
Additionally, vehicle manufacturers, who are under the most pressure to decarbonize their fleets to meet EU targets, have been 
reluctant to trust a not yet existing, centralized infrastructure, which they could not build or control themselves. To secure their 
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interests, they have instead used their lobbying power to secure a role for (fast) stationary charging and hydrogen infrastructure in EU 
policies like the AFIR. Their more central and connected position in key policy venues dwarfed the interests and institutional power of 
the “off-centre” ERS actors and contributed to dynamic charging appearing as a disruptive, outside challenge to the existing sectoral 
design.

Overall, ERS have hence not been a good match for an institutional context in which innovation is primarily seen as an industry and 
market endeavour and in which government provides only initial R&D funding and does not itself assume the role of decisionmaker or 
coordinator but rather leaves this to the sector-dominant industry of the status quo. Even under an ideal technological outcome in the 
field trials, this leaves ERS at a considerable disadvantage in comparison to battery-electric trucks and stationary charging, which can 
be built in a piece-by-piece manner and more readily match the dominating idea of a fully independent and decentralized infra
structure and market built along established policy venues and sectoral routines.

This means that even if individual policies are technology-neutral towards different electrification options and focussed on overall 
emissions reductions, the institutional context is not de facto open towards all charging options to the same extent (Agora Ver
kehrswende, 2020; Elmer, 2020). Due to their characteristics as a line infrastructure and the lack of private interest, ERS remain at a 
disadvantage if they are solely considered in technology-neutral policies despite their potential for reducing emissions and resource 
requirements (amongst other reasons due to their potential to charge while driving in the middle of the day, requiring less parking 
space and carrying smaller batteries). Rather, they require technology-specific infrastructure policies or policies aimed at fostering 
complementarities to succeed – a fact that does not readily match with a market-focussed logic.

6.2.2. The time constraints that characterize sustainability transitions can exacerbate the mismatch with existing institutions
Our analysis shows that policy decisions which narrow down alternatives, such as the AFIR, are not just based on technological 

feasibility and readiness but also on interests by powerful (industry) actors which are most strongly represented and which policy
makers consider the most relevant for assessing the diffusion potential of a technology. As the net-zero transition in heavy-duty road 
transport has entered the take-off phase, policy decisions to narrow down technology pathways and to efficiently spend the available 
limited resources towards the set targets have become necessary and required in government roadmaps (Bundesministerium für 
Verkehr und digitale Infrastruktur [BMVI], 2020). If individual technologies, like ERS, are not perceived as having reached the 
necessary stage of diffusion and actor support to be considered at the cut-off points in such policy processes, this timing aspect can 
further slow them down.

For the AFIR, the key interests in the policy process were held by vehicle manufacturers, who were all in support of stationary 
solutions, including Scania who was the only firm to also bolster ERS. Despite R&D on ERS for over ten years, battery-electric trucks 
have developed faster, learning from the adjacent sector of passenger cars, often even within the same companies. This multi- 
technology and multi-sector interaction and the associated learning processes, especially in terms of actor networks across industry 
and governments, have not been possible for ERS. Governments hence considered the timing not right for ERS and, both in the German 
innovation clusters and at the EU level for the AFIR, let industry take the reins towards (fast) stationary charging and hydrogen 
infrastructure, with ERS remaining a footnote earmarked for further assessment. This policy pathway decision shows that if the 
innovation stage of a specific net-zero technology and the phase of the larger net-zero transition are not aligned, this can effectively 
pause a technology trajectory, thereby further increasing its mismatch with the institutional context and making its success even less 
likely. However, time and uncertainty will continue to play a role, with interviewees expecting that future developments could 
strengthen the interest in ERS again, depending on the importance of space restrictions and energy supply bottlenecks that will be 
experienced with stationary charging. Yet, whether such interests will supersede the other institutional challenges for ERS remains to 
be seen.

6.2.3. The challenge to combine long-standing sectoral designs and to establish institutions for cross-sectoral innovations
Finally, our results reveal key insights into the challenges of cross-sectoral innovation. ERS resemble the line infrastructures of the 

rail and electricity sector but with moving, flexible users that, due to their hybrid nature in combination with a combustion engine or 
batteries, can also use the total road network. On the surface, the idea of applying a technology that was originally developed for the 
rail sector goes against the idea of what road transport embodies and has been capitalizing on in recent decades: freedom of movement. 
Key routes are determined by the line infrastructure and the potential for combining ERS with stationary charging requires a re- 
thinking in which the energy and resource efficiency of one system is combined with the flexibility of the other. Especially when 
competing against a solution like battery-electric trucks that does not require such strong interconnections between sectors, combining 
these long-standing institutions is not just a challenge of connecting ideas in a sector with strong powers of inertia.

Rather, such a multi-system innovation and combination for ERS across sectors also require new institutional arrangements. These 
arrangements need to allow the construction and operation of a novel, non-monopolistic line infrastructure that accommodates cross- 
border usage and billing. Such a system demands actor coordination not just between industry and government but also between 
different industry sectors and between different governments. Our results show that especially the latter has not been established to 
date because of the innovation logic in the road transport sector, which is based on research and industry actors, with governments not 
acting as coordinators but solely as funders. For ERS to be successfully coordinated, the sector would need to establish something akin 
to the coordination venues between countries on electricity infrastructure (see e.g. Dutton & Lockwood, 2017) like ENTSO-E (Euro
pean Network of Transmission System Operators for Electricity) and ACER (Agency for the Cooperation of Energy Regulators) in 
addition to joint governmental commitment and continuous exchange on this topic bilaterally and potentially between all active 
European countries. With the private logic dominating, this leaves a vacuum in an already challenging cross-sector coordination 
problem that cannot be attributed to the technological readiness of ERS.
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Institutional work can address such challenges, but our analysis shows two weaknesses in the case of ERS, which have made this 
route challenging. First, the cross-sectoral nature required actors to do the institutional work that had previously not been central in 
the transport sector and therefore lacked access to key venues and ultimately power positions. Siemens, as an infrastructure provider, 
would, for example, never have been considered a proponent for the Cleanroom talks with vehicle manufacturers in Germany, leaving 
Scania, which also expects the greatest share of their trucks sales to be battery-electric, as the only ERS-positive actor in this round. 
Second, government engagement in many countries was dependent on one or a few individuals who advocated for ERS as a solution. A 
connection to the policy entrepreneurship literature, which we have not included here, could be insightful to further analyse this 
aspect (Kingdon, 1995; Petridou & Mintrom, 2021). Finally, no formal bilateral or multilateral institutional venues to discuss tech
nology choices and potential infrastructure coordination on neutral grounds were established across governments, leading to volatile 
ad-hoc exchanges. This observation has also been made for cross-border electricity connections, which have proved challenging 
despite the long-standing existence of the electricity network (Dutton & Lockwood, 2017).

6.3. Policy recommendations

Based on our findings, we derive recommendations for policymakers in two areas.

6.3.1. Implications for ERS
If governments decide to use the closing window of opportunity, the next step of committing to ERS as a supplement to stationary 

charging for long-haul transport would require filling the international coordination vacuum. Based on our findings we recommend the 
creation of an international venue for policymakers, infrastructure providers and vehicle manufacturers to coordinate on further ERS 
development and rollout. Since many countries have identified as second movers, this coordination venue would have to be coordi
nated by an ERS-experienced and central country like Germany. This coordination would increase the possibilities to align under one 
ERS option and to achieve the necessary cross-country route commitments for an initial minimum network that ensures future 
profitability. This requires the allocation of public resources to multi-system innovation for net-zero infrastructure, to the creation of 
venues, and to the build-up of new multi-system skills among state actors to harness the opportunities offered by such net-zero options.

Crucially, this venue should not only encompass actors that have been engaged in ERS development and support so far. Since ERS 
are now envisioned as an efficient extension and supplement to stationary charging for long distances to avoid the necessity of public 
megawatt charging, large batteries, and inflexible break times, their rollout would need to be coordinated by all central actors in the 
heavy-duty transport sector – including particularly those actors and voices that have so far only worked on and supported stationary 
charging. Such a joint coalition and vision have been shown to be missing but to be central for a successful infrastructure transition 
that, in this case, could combine the advantages of both types of charging.

On the vehicle side, ERS implementation would require the ability to connect to both stationary and dynamic charging infra
structure. If governments want to retain the option for ERS implementation in the future, e.g. if the build-up of public (fast) charging 
for trucks proves difficult or automated driving becomes a reality (Bray & Cebon, 2022; Engholm et al., 2021), they can take steps to 
ensure an “active standby” on the vehicle side. Literature on network industries suggests that creating the conditions for comple
mentarities can be a sensible route for retaining openness (David & Bunn, 1988; Farrell & Klemperer, 2007). For example, policies 
could require vehicle manufacturers to produce “ERS-ready” battery-electric vehicles that allow for easier retrofitting later. What such 
a “readiness” would look like in terms of vehicle design would have to be specified in cooperation with industry. This would encompass 
different technical standards requirements ranging from charging ports to communication protocols and power levels, following the 
policy design of mandatory compatibility standards. Financial incentives might be necessary as this could lead to additional costs for 
manufacturers. Whether these could pay off in the future by creating a combined and overall, more efficient system remains up to 
governments to evaluate.

6.3.2. Broader implications for future infrastructure choices
If governments genuinely want to be open towards all net-zero infrastructure technologies, they will need to step up when certain 

innovation options do not readily align with the interests of private actors. Policy makers often adhere to the principle of technology 
openness but may fail to recognise the fundamental importance of infrastructure policies for either ensuring or restricting the foun
dation of such technology openness. Our findings show that the design of such policies for technologies that complement an innovation 
is especially important in situations in which multiple alternatives are available: in this case different charging technologies that can 
support alternative fuel vehicles. However, the lessons apply beyond this case. If different complementary technologies have funda
mentally different characteristics, for example regarding the degree of coordination that they require, governments that want to stay 
open to such alternatives or to a combined system need to be prepared to take a more active role beyond providing initial research 
funding. As with other line infrastructures in the electricity or rail sector, this could encompass providing securities, organizing 
concessions, and establishing institutions for cross-country coordination. Simply pointing to the technology openness of individual 
policies but disregarding existing imbalances between the options would not be sufficient.

Ultimately, policymakers need to decide whether the advantages of system innovations, like ERS, can justify the institutional uphill 
battle that their cross-sector and cross-country establishment requires. In countries like Germany with strong government-industry ties 
where politics frequently follow neo-liberal ideas, relying on industry for making such an important decision could be seen as a sensible 
approach. Even if the ultimately followed technology path turns out to be less efficient on a system level, such a path could still be the 
option that is easiest and fastest to implement. As the evolutionary economics literature shows, sometimes a technologically inefficient 
solution can still be the one that crowds out others, i.e. that is most effective to implement, due to the institutional and societal factors 
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that are also critical for the success of an innovation (Arthur, 1989). However, whether countries have the resources to implement a 
more inefficient solution in the pressing net-zero transitions remains open and the political nature of pathway decisions under un
certainty should not be hidden behind seemingly neutral decisions based on solely technological characteristics. Institutional change is 
possible given a large enough interest and transparency and political committment to a pathway can increase public trust and help 
mobilize the necessary resources to achieve system change that goes beyond incremental, market-aligned solutions.

7. Conclusion

This paper analyses why Electric Road Systems, as one of the infrastructure solutions to charge electric trucks that has been 
developed over the last decade, have not achieved diffusion to date. In particular, it traces the institutional factors from interests and 
ideas to policies and practices that have presented a challenge for ERS. The analysis shows that not only the technology’s charac
teristics in contrast to well-established market-oriented ideas of innovation support have presented a barrier but also its interactions 
with the well-supported approach of stationary charging.

While our focus on institutions has revealed important novel insights, a key limitation of our qualitative research approach lies in its 
conceptual boundaries. For example, our analysis has shown the importance of individual action in supporting the development of ERS 
and the effects of changes in political leadership. Therefore, we recommend that these factors should be accounted for in further 
research by incorporating literatures on policy entrepreneurship and paying attention to party politics and parliamentary processes. 
The timing of our interview series within the wider data collection also mean that the most recent developments, with governments 
pulling their support for ERS or no longer explicitly supporting its development, had to be traced based on documents. Interviewees 
were held during a time when pathway decisions were still pending and hence carried an overall more positive tone than can now be 
traced in documents and the community. A longitudinal study approach could address such a limitation. Additionally, a comparative 
case design with stationary charging as a key focus in data collection and analysis could add further nuance. Finally, our analysis shows 
that literature on institutional and political aspects of infrastructure build-up and transition remains limited but provides interesting 
avenues for further research, especially under the rapid changes phasing out old and phasing in new infrastructure to achieve 
decarbonization.

Whether ERS have reached the end of the road cannot be conclusively answered by our analysis. While ERS are still developed 
further in ongoing research projects, for example on battery-electric catenary trucks, and considered by governments from the 
Netherlands to China, it remains unclear for how long these activities will be sustained and whether they will result in larger 
implementation. But what our detailed case study on the institutional reasons for the lack of diffusion shows is that if governments do 
not commit to ERS, private interests would have to drastically increase in the future for ERS to receive a second chance; for example, 
due to challenges in competing technologies or due to landscape changes, such as battery scarcity. Under the current institutional 
environment, however, including the interests and dominating sector ideas that are more aligned with battery-electric trucks and 
stationary charging, the further development and diffusion of ERS clearly depends on political support.
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Appendix A 

Table A1 
Overview of government activities and institutions for evaluating decarbonization options for heavy-duty road transport and ERS.

Country Initiating actor(s) for 
evaluating ERS 
options at the 
government level

Institutional venue 
(s) for evaluating 
ERS options

Government-led 
activities/policies to 
evaluate/support/ 
implement ERS options

Institutional venue(s) for 
evaluating 
decarbonisation options 
for heavy-duty road 
transport

Government-led 
activities to evaluate/ 
support/implement 
decarbonisation 
options for heavy- 
duty road transport

Roadmap for 
decarbonisation of 
heavy-duty road 
transport 
(1) available? (2) 
including ERS?

Sweden - Strategist(s) at 
Swedish Transport 
Administration* 
[SWE-1; SWE-3]

- National program 
for electrification 
of national roads 
[79]

- Electrification 
Commission 
(until end of 
2022) [87]

- Working group 
within the 
Ministry of 
Infrastructure on 
electrification 
(until Oct. 2021) 
[87]

- Field trials [44; 85; 46]
- National program for 

electrification of 
national roads [79] 
(incl. procurement 
process for an electric 
road [78; 80])

- Workshops in Fossil 
Free Sweden roadmap 
process [82];

- Electrification 
Commission (until end 
of 2022) [87]

- Working group within 
the Ministry of 
Infrastructure on 
electrification (until 
Oct. 2021) [87]

- National program 
for electrification 
of national roads 
[79]

- Comparative study 
[84]

- Roadmap activities 
(independent but 
government- 
initiated) [14;15]

(1) Yes 
(independent but 
government- 
initiated) [82–83] 
(2) Individual 
government 
roadmap for ERS 
[81]

Germany - Experts at BMWK 
(formerly BMU)* 
[GER-1]

- Funding program 
by BMWK 
(formerly BMU) 
and exchange 
with industry 
(Geels and Kemp, 
2007), later 
BMDV and NOW 
[17; 18; 25]

- Expert 
consultation in 
ad-hoc taskforce 
on dynamic 
charging [17; 18; 
27]

- R&D funding for 
catenary technology 
development 
(Rogstadius, 2022; 
Rogstadius, 
2020–2050.; Scherrer 
et al., 2020)

- Funding for ERS 
evaluation studies [16; 
24]

- Funding for catenary 
field trials [22; 48; 33; 
23; 24]

- Plans for innovation 
clusters including ERS 
(Gnann et al., 2022)

- BMDV specialist 
conference on climate- 
friendly commercial 
vehicles [20; 21]

- Expert consultation in 
ad-hoc taskforces on 
three decarbonisation 
options in (Deshpande 
et al., 2023) by BMDV 
(2021–2022) (Grüter 
and Batterien: Ration
alität, Kombinationen 
und Institutionende
sign“ (ESOB-RKI). Bau
haus-Universität Wei
mar. Fraunhofer ISI, & 
WSP. , 2023)

- Cleanroom talks with 
vehicle industry 
initiated by Transport 
Ministry (BMDV) 
(Gnann et al., 2023)

- Funding for 
comparative 
studies on HDV 
decarbonisation 
options (Geels and 
Kemp, 2007)

- Overview report on 
market 
development of 
HDV technologies 
[74]

- Plans for 
innovation clusters 
(Gnann et al., 
2022)

(1) Yes (2020) 
(Deshpande et al., 
2023) 
(2) Yes (Deshpande 
et al., 2023)

France - Development 
director at public 
infrastructure 
agency (before 
2019)** [FRA-1]

- “ + connecting 
with university 
professor and 
infrastructure and 
transport 
administration 
[FRA-1]

- No funding at 
national or EU 
level for 
infrastructure 
manufacturer 
(around 2016)** 
[FRA-2]; no 
institutional 
access for first 
initiator (before 
2019) [FRA-1]

- Institutional 
access of 
initiating actors 
through first 
meeting/ 
conference 
Oct.’20 organised 
by ministry 
directorate for 
transportation 

- Establishment of three 
working groups for 
evaluation of ERS 
(volunteer basis, no 
government funds) 
(after Oct.’20 meeting) 
(David and Bunn, 1988)

- Working group reports 
(Bundesministerium für 
Verkehr und Digitale 
Infrastruktur, 2020; 
Burghard et al., 2024; 
Campbell, 1998)

- Project call, funding 
support (2021) [FRA-1; 
6–8]

- Working group 1 
(David and Bunn, 1988)

- Evaluation in 
working group 1 
(comparison of 
decarbonisation 
options) (David 
and Bunn, 1988)

(1) No 
(electrification of 
freight transport in 
general mentioned 
in national strategy 
for 
decarbonisation) 
(Bray and Cebon, 
2022) 
(2) No (inclusion of 
ERS in new strategy 
for decarbonisation 
possible by end of 
2023) [FRA-1]

(continued on next page)
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Table A1 (continued )

Country Initiating actor(s) for 
evaluating ERS 
options at the 
government level 

Institutional venue 
(s) for evaluating 
ERS options 

Government-led 
activities/policies to 
evaluate/support/ 
implement ERS options 

Institutional venue(s) for 
evaluating 
decarbonisation options 
for heavy-duty road 
transport 

Government-led 
activities to evaluate/ 
support/implement 
decarbonisation 
options for heavy- 
duty road transport 

Roadmap for 
decarbonisation of 
heavy-duty road 
transport 
(1) available? (2) 
including ERS?

and 
infrastructure 
[FRA-1]

- Non-funded, ad- 
hoc working 
groups for evalu
ation of ERS by 
ministry direc
torate for trans
portation and 
infrastructure 
(2021) [FRA-1; 
11–13; 14]

Italy - Public company for 
road concession 
management* 
(2018) [ITA-2]

- Private consortium 
around inductive 
ERS trial (2021) 
[70–71]

- Group around 
first initiator 
(2018) [ITA-2]

- Ministry of 
Infrastructure 
[ITA-2]

- No government 
activities but initiative 
by public company to 
investigate (2018); 
unsuccessful bid for EU 
tender [ITA-2]

- Government report 
(Ministry of 
Infrastructure) 
independent from 
previous activities 
(2022); focus on 
catenary but low 
priority; first initiator 
reached out to discuss 
ERS more widely [ITA- 
2]

- STEMI (Structure for a 
green transition for 
mobility and 
infrastructure) 
appointed by Ministry 
for Sustainable 
Infrastructure and 
Mobility (MIMS) [ITA- 
1; ITA-2]

- Expert report by 
STEMI (Structure 
for a green 
transition for 
mobility and 
infrastructure) 
appointed by 
Ministry for 
Sustainable 
Infrastructure and 
Mobility (MIMS) 
[ITA-1; ITA-2; 68]

(1) No (following 
EU targets; but 
meetings about 
roadmap for 
electrification of 
transport) [ITA-2] 
(2) No

Netherlands - Engineer and 
innovation expert 
at Ministry of 
Infrastructure and 
Water 
Management (first 
contact 2016*, first 
activities 2019**) 
[NED-1]

- Meeting at 
Ministry of 
Infrastructure 
and Water 
Management 
(participants 
from within; 
Germany; 
industry) (2019) 
[NED-1]

- Inter-ministerial 
working group 
(2020) [NED-2]

- Plans for serious 
game with all 
relevant 
stakeholders in 
the Netherlands 
[NED-1]

- Lead for ERS 
projects with 
department 
evaluating 
redistribution of 
funds from new 
road price/toll 
based on CO2 
performance 
[NED-2]

- Comparative 
evaluation study of ERS 
and other HDV 
decarbonisation 
options ordered by 
Ministry of 
Infrastructure and 
Water Management 
(2020) [73]

- Second evaluation 
study with focus on 
cost-effectiveness of 
ERS in comparison with 
stationary-charged BEV 
[74]

- Results of both studies 
shared with parliament 
[NED-1]

- See ERS venues; 
delineation unclear (x)

- Green energy hubs 
program on freight 
corridors (under 
infrastructure 
development plans) 
[NED-2]

- Department evaluating 
redistribution of funds 
from new road price/ 
toll based on CO2 
performance [NED-2]

- Comparative 
evaluation study of 
ERS and other HDV 
decarbonisation 
options ordered by 
Ministry of 
Infrastructure and 
Water Management 
(2020) [73]

- Second evaluation 
study with focus on 
cost-effectiveness 
of ERS in compari
son with 
stationary-charged 
BEV [74]

(1) Partially 
(included in 
National Climate 
Agreement (2019); 
HDVs addressed in 
national charging 
infrastructure 
agenda (2020)) 
[75–76] 
(2) No (focus on 
electrification in 
general and 
hydrogen; review 
underway, 
potential for 
explicit mention); x 
[NED-1; 75]

Austria - Transport 
Ministry* after 
contact with 
Germany in 
workshop 

- Workshop 
initiated by 
Germany [AUT-1; 
AUT-2]

- Group working 
on ERS at 

- ERS mentioned as 
decarbonisation option 
in report by 
environmental agency 
(UBA) (2017/2018) 
[AUT-4]

- - Planned subsidy 
program for 
multiple HDV 
decarbonisation 
options including 
ERS [AUT-1]

(1) Yes (2023) 
[AUT-1; 1] 
(2) Yes (2023) 
(ACEA., 2022)

(continued on next page)
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Table A1 (continued )

Country Initiating actor(s) for 
evaluating ERS 
options at the 
government level 

Institutional venue 
(s) for evaluating 
ERS options 

Government-led 
activities/policies to 
evaluate/support/ 
implement ERS options 

Institutional venue(s) for 
evaluating 
decarbonisation options 
for heavy-duty road 
transport 

Government-led 
activities to evaluate/ 
support/implement 
decarbonisation 
options for heavy- 
duty road transport 

Roadmap for 
decarbonisation of 
heavy-duty road 
transport 
(1) available? (2) 
including ERS?

(2020)** [AUT-1; 
AUT-2]

Transport 
Ministry [AUT-1; 
AUT-2]

- Government-funded 
evaluation study of ERS 
for Austrian context 
(2022) [AUT-3/-4; 2]

Denmark - Interest brought 
forward by 
multiple actors: 
members of trade 
association* **; 
developer of cross- 
border tunnel proj
ect [DNK-2]

- Cross-border 
tunnel project 
with Germany 
(Plötz et al., 
2020)

- Department at 
Road Directorate 
working on future 
transport 
systems, 
preparing 
knowledge for the 
Ministry of 
Transport [DNK- 
1]

- Report by Danish 
Council on Climate 
Change (Andrews- 
Speed, 2016)

- Parliament 
infrastructure 
agreement (2020) put 
ERS on agenda for 
research [DNK-3]

- Evaluation study on 
ERS by Road 
Directorate with in- 
house consultant (deci
sion for this project by 
Danish Parliament) 
(2022–2023) [DNK-1]

- Department at Road 
Directorate working on 
future transport 
systems, preparing 
knowledge for the 
Ministry of Transport 
[DNK-1]

- Report by Danish 
Council on Climate 
Change (Andrews- 
Speed, 2016)

- Climate and air 
plan; only 
electrification of 
buses mentioned 
not trucks (2018) 
(Arthur, 1989; 
Baumgartner and 
Jones, 2009)

(1) Expected for fall 
2022 [DNK-2]; x 
(2) No

UK - - Department for 
Transport [GBR- 
1]

- Funding for ERS 
feasibility studies 
(2021) [GBR-1; 38]; 
successful bid for one 
study (2021) (Markard 
et al., 2016)

- Original idea: inclusion 
in Zero Emission Road 
Freight (ZERFT)

- Demonstration 
programme (2022) 
[GBR-1; 39]; then 
excluded from scope of 
the funding (Ministry of 
Transport Baden-Würt
temberg, 2023; North, 
1991)

- Road freight 
decarbonisation team 
at Department for 
Transport [GBR-1]

- “ consultation with 
industry [GBR-1]

- Report by 
committee on 
climate change and 
transport 
department 
programs to 
narrow down to 
three options for 
decarbonising 
HDVs (2018;2019) 
[GBR-1]

- Industry 
consultation for 
exemption from 
2035 phaseout date 
for specific HDV 
technologies 
(2022) [GBR-1]

- Zero Emission Road 
Freight (ZERFT) 
Demonstration 
programme (2022) 
[GBR-1; 32–33]

(1) Partially (phase- 
out dates for non- 
zero emission 
HDVs) [GBR-1; 39] 
(2) No (no specified 
technology focus in 
commitments) 
[GBR-1; 39]

Note: Abbreviations in brackets refer to corresponding interviews (see Table 2); numbers in brackets refer to the documents listed in the supple
mentary material. *Data indicates contact/exchange initiated by an infrastructure manufacturer beforehand. **Unclear or some missing information.

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.trd.2025.105154.
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