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Abstract
The road haulage industry is today facing three kinds of pressures that are driv-
ing change in the industry: climate change, the need for cost improvements, and
driver shortages. These are pushing the industry towards electrification as well as
a higher degree of automation which are representing two ongoing transitions. One
element of interest in the ongoing transitions is the charging infrastructure, which
is argued to be one of the most crucial barriers to a large-scale adoption of electric
trucks. Further, the coexistence of electric and autonomous electric trucks and their
respective charging solutions (manual and non-manual) brings up the question of
how these two different solutions could impact each other.

This thesis is investigating how one of two related niches, i.e charging for manual
electric trucks (MET charging) and charging for autonomous electric trucks (AET
charging), is developing through investment and learning effects and influencing the
other niche. The research was designed as a case study with an abductive approach.
The study includes two parts, a techno-economic perspective, and a wider system
perspective. Together with a case company, a scenario model was developed for
the techno-economic perspective and external interviews with various actors in the
industry were conducted for the system perspective. Three dimensions: technology,
knowledge and know-how and societal constituted an analytical framework for the
study.

Findings show investment and learning effects as well as interactions in the form
of both positive and negative externalities within all three dimensions. The most
prominent positive externalities are seen in the knowledge and know-how dimen-
sion, e.g investment in training and skills within battery management and schedule
optimization. The study shows that the type of externality depends on what per-
spective one has and contributes to previous literature by showing that different
types of externalities can be present within the same dimension, at the same time.
Hence, the study shed light on transition dynamics by picturing the complexity of
niche-niche interactions. Further, the study shows tendencies of that interactions
could change over time as the less mature niche develops.
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Regarding implications for firms with both MET and AET operations, they should
aim at leveraging positive externalities and minimizing negative externalities. This
study suggests a strategy with an increased focus on flexibility when building charg-
ing infrastructure in order to prepare for the future. Another strategy for leveraging
location-specific positive externalities, such as grid capacity, and simultaneously re-
ducing sunk costs is to add AET chargers next to the MET chargers instead of
replacing the MET chargers.

Keywords: Investment and learning effects, Self-reinforcing mechanisms, Niche-
to-niche interactions, Socio-technical transitions, Positive externalities, Negative ex-
ternalities, Charging, Electric trucks, Autonomous electric trucks.
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Terminology

Below is the list of terminology that have been used throughout this thesis listed in
alphabetical order:

Autonomous Electric Truck (AET) : An autonomous electric truck is a vehicle
powered by batteries designed to transport cargo. Unlike manual electric trucks
(METs), an AET lacks a driver cabin and instead drives based on algorithms or a
remote human operator. There is hence no driver who can charge the plug-in charger
to the vehicle. The trailer is the part of the truck where the goods are located.

AET charging : Defined as a niche with the aim to charge the AETs. The niche
consists of a network of charging stations and relevant actors including the necessary
hardware, software, and groundwork associated with the charging station.

Agency : A Swedish government agency.

Carrier : A company that employs drivers and transports goods for other compa-
nies.

Charging station : A location where you can charge en route, i.e. along the way
between a departure and a destination site. These can be either private or public.

Delivery window : A set time frame of when goods can be picked up or delivered,
i.e. the opening hours of the hubs. Naturally, a short delivery window requires more
trucks when the transport demand is high as several trucks need to drive simulta-
neously. In contrast, a long delivery window allows higher utilization of the truck
as a truck has time to drive back and forth and hence deliver the whole transport
demand by itself.

En route charging : Charging done on the way, i.e. between two hubs. Typically
needed when the distance is shorter than the truck range.

Fast charger : Here defined as a charger with a power capacity of > 150 kW.

Hub : Referred to as a destination or departure site. A hub can be a warehouse, a
distribution center, a terminal, or a customer site, where goods are either loaded or
unloaded. Hubs are always private.
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Logistic loss : Defined as an inefficiency that would not have existed if the trans-
port had been conducted with a diesel truck. It often originates from the need
to stop for charging without doing another necessary activity simultaneously, i.e.,
non-opportunity charging, which is time that otherwise could have been spent on
driving. The concept of logistic loss is broader than the concept of non-opportunity
charging, as it could also include e.g., the time it takes before charging starts.

Manual Electric Truck (MET) : An electric truck is a vehicle powered by bat-
teries designed to transport cargo. The truck is driven by a driver who sits in the
cabin. The trailer is the part of the truck where the goods are located.

MET charging : Defined as a niche with the aim to charge the METs. The niche
consists of a network of charging stations, including the necessary hardware, soft-
ware, and groundwork associated with the charging station. It also includes other
elements and actors, such as the truck drivers that can plug the charger into the
truck.

Non-opportunity charging : All charging that is conducted without any other
simultaneous activity.

OEM : Original equipment manufacturer of chargers or trucks.

Opportunity charging : To charge the truck simultaneously as the truck is re-
quired to stand still for another activity, e.g., at driver rest or when the truck needs
to be loaded.

Shipper : A company that owns the goods that are being transported, and often
the warehouses that are the end destination of the transport. Some shippers also
own their own carrier company, which means that not all transport is outsourced.

Slow charger : Here defined as a charger with a power capacity of <= 150 kW.

Tonne-kilometer (tonne-km) : A tonne-kilometer is a measurement of freight
and is received by multiplying the total number of tonnes transported by the number
of kilometers the goods are transported. For instance, 20 tonnes that are transported
over a distance of 10 kilometers amounts to 200 tonne-km. Similarly, 10 tonnes that
are transported 20 kilometers also results in 200 tonne-km.

Trailer swap : An activity where a tractor swaps trailers with another tractor.
This way, a truck does not need to stand still at a hub when the trailer is loaded,
and can instead arrive at the hub to pick up a preloaded trailer.

Transport route : A distance that a truck transports goods along, i.e. a distance
between hub A to hub B.
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1
Introduction

This chapter aims to present an empirical as well as theoretical background to why
this thesis was conducted and includes a clari�cation of essential concepts and a
presentation of the research gap this thesis aims to address. The chapter ends with
a description of the thesis's purpose.

1.1 Background

The road haulage industry, i.e. the business of transporting goods by road in large
trucks, is currently exposed to three kinds of pressures that are driving change in
the industry. Climate change initiatives are pushing the industry towards electri�ca-
tion and driver shortage and a need for cost improvements are driving the industry
toward higher levels of automation. Regarding climate change, the industry is dom-
inated by fossil fuels and in 2021, total emissions from medium- and heavy freight
trucks amounted to 1.8 G tonnes (IEA, 2022). The industry is thus facing major
challenges in reducing emissions where various climate actions and regulations put
pressure on the current regime. For instance, several governments have agreed on
tightened CO2 emission targets (IEA, 2022) and according to the Swedish Gov-
ernment, the electri�cation of the transport system is crucial to reach the climate
targets (Regeringen, 2022 a). Policy measures are also seen in several countries. For
example, 15 countries recently agreed upon the ambition that all new truck sales
would be electric in 2040 (IEA, 2022), and Sweden has developed a national strategy
for electri�cation, which indicates that there are high expectations on electric trucks
(Regeringen, 2022 a). As a response to the large landscape pressures, both private
and public actors have invested in the electri�cation of the road haulage industry.
Many of the largest heavy-duty vehicle original equipment manufacturers (OEMs)
have made commitments to zero-emission vehicles (IEA, 2022). Yet in 2021, only
0.3% of new truck sales concerned electric trucks (IEA, 2022).

Further, the low margins characterizing the road-haulage industry (Dagens infras-
truktur, 2021) create a need to redesign and �nd cost improvements for an electric
transformation to be economically feasible. Moreover, driver shortages are a global
structural problem (IRU Intelligence Brie�ng, 2022) which is pointed out as the lead-
ing issue in the road haulage industry in the United States (Statista, 2022 a). IRU
Intelligence Brie�ng (2022) surveyed 19 countries in theirDriver Shortage Global
Report 2022 and found that over 2.1 million truck driver jobs were unful�lled in
2021. These shortages are expected to escalate (IRU Intelligence Brie�ng, 2022),
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1. Introduction

and only in the United States, driver shortages are forecasted to reach 162,000 by
2030 from the estimated 80,500 drivers needed in 2021 (Statista, 2022 b). The
expected increase originates from problems with attracting young people in com-
bination with the high proportion of older drivers approaching retirement (IRU
Intelligence Brie�ng, 2022). Besides the electric transition, the industry is therefore
facing higher degrees of automation driven by driver shortages and the high savings
in primarily labor costs that automation would imply (McKinsey & Company, 2018).

As a response to these pressures, several autonomous truck startups have emerged
(New York Times, 2022) and the �rst autonomous truck entered a public road in
2019 (Forbes, 2022). Industry incumbents have also recognized the potential of the
transition and have initiated collaborations with startups to test and develop the
technology (Dagens Industri, 2021). Although most pilots still include a test driver
behind the wheel (New York Times, 2022; Dagens Industri, 2021), countries like the
US and Sweden have granted permissions for autonomous electric trucks to drive
on public roads without a driver cabin, where safety drivers can intervene remotely
(Dagens industri, 2022). However, pilot studies have shown that the technology is
not yet ready to realize its potential (New York Times, 2022).

The current electri�cation and automatization of the road haulage industry can be
argued to be what in theory are described as two ongoing transitions. A transition
is de�ned by Geels (2005) as a shift from one socio-technical system to another,
involving changes in the various elements that constitute the socio-technical system.
Hence, a transition does not only involve the replacement of the mere trucks but
also other elements needed to ful�ll the transport function, for example, road and
fuel infrastructure, regulations, and user practices (Geels, 2005). For instance, the
transition to autonomous trucks will imply profound changes in industry structure,
operations, and pro�ts (McKinsey & Company, 2018).

One particular element of interest is the replacement of fuel infrastructure with
charging infrastructure. According to theRoad Freight Zero reportmade by McK-
insey & Company and World Economic Forum in 2021, one of the most crucial
barriers to the large-scale adoption of electric trucks is the lack of charging infras-
tructure. Although there have been major improvements in the market formation
for public charging stations for electric passenger cars, the corresponding public
infrastructure for trucks is considerably less developed (Volvo Trucks, 2021). The
situation is described as the classic chicken and egg dilemma, where actors refrain
from investing in electric trucks when there is no available infrastructure, at the
same time as there is a reluctance to make high investments in charging systems
before enough trucks are on the road (McKinsey & World Economic Forum, 2021).
The relevance of the problems associated with the build-up of charging infrastruc-
ture is emphasized by the Swedish Government's initiative to do an action plan for
building electric charging infrastructure (Regeringen, 2022 b). Further, while the
societal bene�ts of a green transport network are clear, it is not yet obvious whether
the investments will be made by public or private actors. As seen in the build-up of
charging infrastructure for private passenger cars, private actors could play a crucial
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1. Introduction

role if they �nd the investments economically viable.

For private actors, it is argued that the high investments emphasize the need for
strong business cases to be economically justi�able (McKinsey & World Economic
Forum, 2021). For chargers, the most important factor to reach a high return on in-
vestments is to have high utilization (Lindholmen Science Park, 2020). While trucks
are mobile and thereby a �exible asset that could be redistributed to achieve an op-
timal business case, charging investments are more long-term and concentrated in
�xed locations. Hence, the reluctance towards making the high investments required
emphasizes the need to design a charging system that can assure a high degree of
utilization and therefore a high return on investments, especially for private actors.
This means that the investments made today should not only match the require-
ments of today's industry but also �t a future system that includes both electric
and autonomous electric trucks.

The charging system built for manual electric trucks (METs) needs to match the
requirements of METs. For such charging, the driver is a key element that can plug
the charger into the vehicle. Similarly, the charging system built for autonomous
electric trucks (AETs) needs to be adapted to AETs, which do not have a driver
that can charge the truck. Charging thus requires either a non-manual solution
or personnel at the charging station that can connect the charger to the vehicle.
Today, no standard non-manual charging solution has been identi�ed (Interview 1).
Instead, a wide variety of solutions exist, including inductive wireless solutions and
conductive solutions complemented with a robotic arm (Gladstein Neandross & As-
sociates, 2019) as well as battery swapping where the trucks are not charged but
given a new battery (interview 1). Further, while the �rst Swedish public charging
station for electric trucks opened in 2021 (Göteborgs Energi, 2021), there are still
no public charging stations for autonomous trucks. Since both METs and AETs are
expected to co-exist in the foreseeable future (McKinsey & Company, 2018), both
paths must be developed and supported to avoid lock-in.

The coexistence of two types of charging solutions, as a consequence of the coex-
istence of the two truck types, sheds light on the possibility that the two charging
solutions could impact each other. Especially, since investments currently appear to
primarily be made in charging for METs, it is relevant to see how these investments
will play out for future chargers for AETs. On one hand, the electric transition is ex-
pected to facilitate the autonomous electric transition (Interview 1), hence implying
a positive interaction, but it is not yet known if and how investments in the electric
transition will generate learnings that can be used in the autonomous transitions.
On the other hand, when an initial decision has been made to develop or adopt a
charging system for METs, the more attractive becomes the decision to continue to
develop or adopt such a charging system, which might harm charging solutions for
AETs. Hence, if manual chargers repeatedly are chosen it might also decrease the
attractiveness of developing the non-manual charging systems that are required for
AETs. This way, the development and di�usion of chargers for METs could result
in a lock-in that can hinder the development of charging solutions for AETs.
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1. Introduction

From a theoretical point of view, this thesis conceptualizescharging for manual
electric trucks (MET charging) and charging for electric autonomous trucks (AET
charging) as two emerging niche innovations (Geels et al., 2017 a; Geels et al., 2017
b) and studies them from a socio-technical, multi-level perspective (MLP) (Geels,
2005) to get a deeper understanding of the ongoing transitions. According to Geels
(2002), niche innovations tend to be low-performing, inconvenient, and costly. This
description corresponds well to both MET and AET charging as they are both
immature (Gladstein Neandross & Associates, 2019) and cannot compete with the
existing, highly e�cient network of fuel stations. Although the two charging systems
are related due to a partly shared technology base, they are in this report treated
as separate niches because of their di�erent requirements and technologies.

To support two niches that are related in terms of shared artifacts, there is a need
to understand what is driving one niche and how that a�ects the other. This is
not only interesting from an industry perspective, but also from a theoretical point
of view since interaction between niches is a relatively untapped topic in current
literature. The focus in the current literature on MLP is on interactions between
the three di�erent analytical levels and not much on interactions between niches.
The gap in the literature regarding inter-niche interactions was highlighted already
in 2008 by Markard & Tru�er, who argued that the MLP gives little explanation to
the dynamics between di�erent niches. Bakker, van Lente & Engels (2012) elabo-
rated that the MLP has been less explicit in explaining what happens when several
options challenge the regime at the same time. Further, Verbong, Geels & Raven
(2008) argue that �multi-niche analysis� can be valuable for understanding the tran-
sition processes, as their study showed that negative learning processes within one
niche often led to a positive impact on another niche and, conversely that positive
learning processes of one niche impacted another niche negatively.

Although the literature on technology interaction tends to focus on competition
(Bakker et al., 2012), some literature sheds light on positive interactions as well
(e.g., Sandén & Hillman, 2011; Nykvist & Whitmarsh, 2008; Onufrey & Bergek,
2015; Markard & Tru�er, 2008; Pistorius & Utterback, 1997). This phenomenon
has also been touched upon by Geels (2005) who discussed hybridization, mean-
ing the use of two technologies simultaneously, and saw that one technology could
increase the development of the other. Bergek & Onufrey (2015) concluded that
several technologies can compete in the same market, while also experiencing pos-
itive in�uences from each other, for instance, due to potential synergies in terms
of shared resources. Already in 1997, Pistorius & Utterback argued for the multi-
mode interaction between technologies, saying that one technology could a�ect an-
other technology's growth rate not only negatively, but also positively. Viewing a
technology as a niche, this implies that the development of one niche might in�u-
ence the other niche positively. Similarly, Markard & Tru�er (2008) highlighted
positive interactions by arguing that MLP neglected the complementary e�ects of
developments in di�erent niches and the emergence of niche-transcending institu-
tions. Hence, the literature not only suggests that niche interactions are important
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to understand transitions, but also that the interactions could have other forms than
traditional competition. However, what appears to be lacking in the literature is
how two related niches in�uence each other in the context of ongoing transitions.

1.2 Purpose

The purpose of this research is to investigate how one of two related niches, that
have not yet broken through the existing regime is developing and in�uencing the
other niche. More speci�cally, the purpose is to investigate how MET charging is
developing and in�uencing AET charging.

1.3 Delimitations

This study is limited to investigating interactions between two pre-de�ned niches,
which implies that interactions from other contextual niches and regimes are not in-
cluded in the study. Most notably, the study excludes factors in the socio-technical
system needed for the development and di�usion of electric and autonomous elec-
tric trucks as such, which obviously are closely connected to the development and
di�usion of MET and AET charging. For instance, several factors are currently
slowing down and/or inhibiting the development and di�usion of autonomous elec-
tric trucks, e.g., lack of relevant legislation for autonomous driving or immaturity of
the technology (McKinsey & Company, 2018), and such factors need to be in place
for the niche AET charging to take o�.
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2
Theoretical framework

This chapter presents relevant literature on transitions and interactions in the con-
text of niches. The Multi-Level Perspective (MLP) and how that relates to the
empirical case is presented followed by interactions in the MLP. Then, literature on
niche development and niche-niche interactions is presented. The chapter ends with
introducing three dimensions that build up the analytical framework that will be
used in the study.

2.1 Transitions and the Multi-Level Perspective

Socio-technical systems ful�ll a societal function and involve the technical system,
actor network, and rules (Geels, 2004). Transitions are described by Geels (2005)
as a shift from one socio-technical system to another and involve changes in several
of the di�erent elements of the system. Hence, a transition is not limited to techno-
logical changes but often includes re-con�gurations of e.g., markets, user practices,
norms, and values (Turnheim & Nykvist, 2019; Foxon et al., 2010; Geels 2005).
This is also highlighted by Nykvist & Whitmarsh (2008) who argued that neither
technological solutions nor policy alone could enable a transition of the passenger
transport sector by referring to unsuccessful attempts that have resulted in back-
lashes when technological solutions are introduced without support from producers
and consumers.

Such transitions can be described and understood through the Multi-Level Perspec-
tive (MLP), which combines insights from di�erent kinds of literature and includes
three analytical levels to grasp the complexity of technological changes: the socio-
technical regime, landscape, and niche (Geels, 2005). Through these levels, MLP
combines technology and society. These three levels are described more in detail
below.

On the meso, or regime, level there is the socio-technical system which consists
of the technical system, actors who develop and maintain the system, and rules.
The system has evolved over decades and is preserved, defended, and incrementally
improved by incumbent actors (Geels et al., 2017 b), such as policymakers, users,
and organizations (Geels, 2005). The actions of incumbent actors are directed by
deeply entrenched rules, which are referred to as regimes (Geels et al., 2017 b; Geels,
2005). While the de�nition of the regime refers to rules and institutions, the regime
exists, as mentioned, on the same level as the socio-technical system and is often
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2. Theoretical framework

used almost synonymous with the socio-technical system. Regimes are described
as dynamically stable states where incremental changes lead to path dependencies
(Geels, 2005). This implies that the regime is stabilized through lock-in mechanisms,
for example, sunk investments and institutional commitments (Geels et al, 2017 a).
Schreyögg, Sydow & Holtmann (2011) describes path dependency in three phases:
preformation, formation, and lock-in where the latter occurs when a dominant pat-
tern becomes �xed and �exibility is lost.

The macro level is the external landscape described by Geels et al (2017 a) as slow-
changing trends such as environmental challenges and demographics. The landscape
could, however, be exposed to shocks, such as economic crises, oil prices, and wars.
When the landscape changes, the regime can encounter stress and is typically slower
to adapt to these changes compared to niches (Nykvist & Whitmarsh, 2008). Land-
scape changes can, therefore, destabilize the current system and make it possible for
niche innovations to break through (Geels et al. 2017 a).

Niches represent the micro level and operate at the periphery of the mainstream
meso level regime (Nykvist & Whitmarsh, 2008). In the literature, there are essen-
tially two ways to look at niches, where niches are either seen as protective spaces
that protect radical innovations from the market pressures of the existing regime
or seen as radical innovations themselves. Geels (2005) and Raven et al. (2012)
de�ne a niche as a protective place where radical innovations are developed. These
places, or niches, are crucial since they provide space for learning activities (Geels,
2005) and enable the development of new routines, standards, and norms that di�er
from the prevailing system (Raven et al., 2012). Sandén & Hillman (2011) takes a
slightly di�erent approach describing the niche concept as more or less synonymous
with technologies. This view of niches is shared by Geels et al. (2017 a) who use the
concept of niche innovations to describe new technologies, business scenario models,
or behaviors that di�er radically from the mainstream system, which is the de�nition
that will be used in this study as it appears most useful to the chosen empirical case.
Niche innovations and market niches are then viewed as two separate, but related,
concepts, where niche innovations are emerging social or technical innovations that
di�er radically from the prevailing socio-technical system, and market niches refer
to the places where these innovations are protected (Geels et al. 2017 b), for ex-
ample, particular applications or segments such as the military (Geels et al. 2017 b).

If we apply this perspective to our empirical case, the socio-technical system for land-
based road transportation is illustrated in Figure 2.1, showing the di�erent elements
such as regulation, infrastructure, and actors building up the socio-technical system.
Climate change initiatives that are driving the industry towards lower emissions are
in this study viewed as landscape pressures that destabilize the regime and trigger a
transition of the prevailing regime. A transition in land-based road transportation
would imply that several of these elements were replaced by elements from a new
socio-technical system (Figure 2.1). The automobile could for instance be replaced
by electric trucks, and the fuel infrastructure could be replaced by charging infras-
tructures and related energy providers.
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Figure 2.1: An example of a socio-technical system (Geels, 2005).

This study focuses on a subset of the socio-technical system for land-based road
transportation, i.e. the supply or provision of fuel or energy to trucks. This smaller
socio-technical system is illustrated in Figure 2.2 and represents the regime of this
study. In short, the regime is characterized by trucks with diesel engines and the
technical components of the regime constitute the refueling hardware, the fuel per
se, the truck that requires refueling, and the physical location of refueling stations.
Regime actors include oil companies who supply fuel stations with diesel, drivers
who perform the refueling activity, and transport buyers who create the demand for
fuel. Lastly, the regime rules are characterized by behavioral patterns of not having
to plan when refueling needs to be done since the network of refueling stations is
well developed, the refueling times are short and the truck ranges are long.

As mentioned, while diesel trucks and their respective fueling stations dominate the
road haulage industry, later developments have shown that both METs and AETs
have emerged and created the need for new ways of providing the energy needed
for the new truck types. In the context of this study, this has resulted in two new
emerging niche innovations. These are de�ned ascharging for manual electric trucks
(MET charging) and charging for autonomous electric trucks (AET charging).
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Figure 2.2: The socio-technical system of truck refueling in this study

Although some elements that constitute the wider socio-technical system of land-
based road transportation are excluded in this study, such as the tra�c light system
and tra�c rules, this system and the smaller socio-technical system illustrated in
Figure 2.2 are in no sense independent. Instead, a transition of the smaller subset
is driven by the transition of the larger socio-technical system of land-based road
transportation. The selected niches in this study are de�ned by the type of truck
technology they are related to, i.e. to charge a MET or an AET. Hence, the devel-
opment of the selected niches is dependent on the developments and di�usions of
METs and AETs.

2.2 Interactions

A key point in the multi-level perspective is that the success of an innovation is de-
pendent on the development of all three levels and the dynamic interactions between
them (Geels, 2005). The relation between the three levels in the MLP is described
by Geels (2005) as a �nested hierarchy� meaning that niches are enclosed by the
regime which in turn is enclosed within the landscape. When a dominant design
is reached and the niche is more developed it could break through if it is able to
take advantage of the �window of opportunity� emerging when the current regime
is put under pressure (Geels, 2005). The pressure can result from internal problems
in the regime or shifts in the landscape. When niches have matured and challenged
the regime, there could be struggles between the niche innovation and the existing
regime, for instance in the form of economic competition between the regime and
niche technology (Geels et al. 2017 b). Geels (2005) argues that a transition hap-
pens if the niche replaces the current regime, which is referred to as technological
substitution (see Figure 2.3). This form of transition is a time-consuming process
associated with major changes in the socio-technical regime and therefore happens
gradually (Geels, 2005).
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Figure 2.3: Multi-Level Perspective (Geels, 2005).

However, this description of the interactions between the three levels represents a
traditional view and is in no sense comprehensive. There are eMxamples of variating
amplitudes of landscape pressures (Geels et al., 2016) as well as examples of symbi-
otic relationships between the niche and the regime, where regime actors make use
of niche innovations (Nykvist & Whitmarsh, 2008). There are also several forms of
interactions within the levels. Raven & Verbong (2009) investigated regime-regime
interactions in terms of competition, symbiosis, integration, and spill-over. The au-
thors explain the di�erent interaction modes as relations between rules, actors, and
technologies that could change over time. Opposite to competition, symbiosis is
de�ned by Raven & Verbong (2009) as when two regimes both bene�t from coop-
eration which can result in them being mutually dependent. Further, integration is
described as when regimes that have been separated merge and become one. Partial
integration is also possible, for instance when two regimes merge in terms of pro-
duction but remain separated in terms of distribution and use (Raven & Verbong,
2009). Lastly, spillover is explained as the transfer of knowledge or rules from one
regime to the other. Raven & Verbong (2009) argue that these di�erent interaction
modes can occur at the same time or sequentially. Moreover, the degree of interac-
tion can change, for instance that competition can intensify over time.

There are also interactions within the micro level, i.e. niche-niche interactions. Even
if these interactions are less articulated in literature, or even neglected by the MLP
as it traditionally assumes that there is only one niche that challenges the regime,
Geels & Schot (2007) highlight that there are transitions where several niches co-
exist. In the example brought up by Geels & Schot (2007), several niches interact in
form of competition for some time before one niche becomes dominant and creates
a new regime, but as we will see in the following section, other forms of niche-niche
interactions are possible.
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2.3 Niche-niche interactions

To understand niche-niche interactions, one must �rst understand how niches are
developed. This section, therefore, starts by describing niche development before
presenting niche-niche interactions.

2.3.1 Niche development

Literature on Strategic Niche Management (SNM) describes the dynamics of niche-
development trajectories as interactions between three processes: articulation of
expectations, learning, and the building of social networks (Geels & Raven, 2006).
This study focuses on niche development in terms of learning processes.

Initially, niche innovations are characterized by uncertainty, fragility, instability, and
experimentation (Geels et al. 2017 b). There is no dominant design and several de-
sign options are cultivated and many of them are likely to fail (Geels et al. 2017 b).
However, Geels et al. (2017 a) explain that despite the di�erence from the dominant
system, niche innovations can still gain a foothold in certain geographical spaces or
market niches, or in a wider space as a consequence of targeted policy support.
For instance, a phase-out policy can accelerate a transition by creating space for
niche innovations which enhances their di�usion (Geels et al. 2017 a). Protected
market niches can hence be created by policies and stimulate technological learning
and improvements, entry of new �rms, and the growth of new industries (Geels et
al, 2017 a). Niche innovations can then di�use in the form of niche-accumulation
(Geels & Schot, 2007; Levinthal, 1998) or bridging markets (Andersson & Jacobs-
son, 2000), in which an innovation enters increasingly bigger markets. For a niche
in the current system to break through, it has to �rst develop and improve as a
result of learning processes (Geels, 2005). Geels et al. (2016) explain how a niche
is developing with internal drivers such as R&D, resulting in price and performance
improvements. Scale and learning economies, complementary technologies, network
externalities, support from political actors in the form of subsidies and supportive
regulations, and cultural enthusiasm are other examples of internal drivers (Geels
et al. 2017 b).

Such internal drivers can be related to the self-reinforcing mechanisms described by
Onufrey & Bergek (2015), that make a certain product or technology increasingly
attractive. These are dynamic processes that lead to the repetition of an earlier
chosen path and eventually make the path self-sustaining, which could lead to lock-
in (Schreyögg, Sydow & Holtmann, 2011; Onufrey & Bergek 2015). The concept
of self-reinforcing mechanisms is, thus, almost synonymous with the term positive
feedback, which is the increased likelihood for continued adoption or development of
a technology (Onufrey & Bergek, 2015). Thus, actors within the chosen path, such
as policymakers and engineers are more prone to continue along the chosen path
that has been developed (Bakker et al., 2012).

Investment and learning e�ects is one of the four types of self-reinforcing mechanisms
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described in the literature (Onufrey & Bergek, 2015). As non-transferrable resources
and knowledge related to a certain alternative are accumulated, such accumula-
tion increases the attractiveness for continued adoption or development (Dobusch &
Schüÿler, 2013). On a company level, investment and learning e�ects can for instance
take the form of sunk investments in R&D (Dobusch & Schüÿler, 2013). High up-
front or sunk costs that are paid early on in technology development will make actors
more inclined to proceed with the selected technology or product (Onufrey & Bergek,
2015). Technology development also experiences related learning-by-doing e�ects,
which encourages companies to continue the development of that speci�c technol-
ogy (Onufrey & Bergek, 2015). Examples of such learning-by-doing are learnings
retrieved from manufacturing a technology, e.g., the identi�cation of new bottlenecks
and the development of technology-related skills and routines (Onufrey & Bergek,
2015). Hence, these e�ects make companies more prone to focus on exploitation
and new opportunities close to their existing technology base rather than exploring
other alternatives (Onufrey & Bergek, 2015).

Similar investment and learning e�ects can also be seen in terms of technology
adoption (Onufrey & Bergek, 2015). Economies of scale and experience refer to the
process when increased di�usion of a technology or product prompt learning e�ects
and result in cost reductions and performance improvements, which in turn increases
the incentives for users to adopt the technology (Onufrey & Bergek, 2015).

Investments and learning e�ects are especially relevant when the technology is com-
plicated, as adoption then requires investments in training (Onufrey & Bergek,
2015). As users have to invest in training and competence-building when they adopt
a new technology they can exploit these investments further (Arthur, 1996). Users
also learn over time how the technology works. They thereby get used to it and are
likely to stay loyal when new versions are introduced (Dobusch & Schüÿler, 2013).
Related to this study, the high investments in charging infrastructure mentioned in
the background suggest that investment and learning e�ects are likely to be seen
on both the development and the adoption side. As there are several complicated
charging technologies available, such e�ects could regard technology development
of charger hardware as well as investments in training for drivers in how to charge
electric trucks.

2.3.2 Types of niche interactions

Investments and learning e�ects can result in several forms of niche-niche interac-
tions. First, there is a risk that positive feedback created from investments and
learning e�ects for one technology has a mirroring e�ect that decreases the relative
attractiveness for another technology. Such mirror e�ects are described as negative
externalities (Vergne & Durand, 2010) and are hence a form of negative interaction.
Negative externalities can for instance occur when an emerging technology does
not �t into a system developed by another technology (Sandén & Hillman, 2011).
Second, Onufrey & Bergek (2015) found evidence that positive feedback could also
have a mirror e�ect of a positive character, i.e. a positive externality. This �nding
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helped to explain how various paths could coexist during a more sustained period,
compared to the shorter periods that constitute the era of ferment described by
Andersson & Tuschman (1990), and experience non-competitive interaction even in
a context of path dependency (Onufrey & Bergek, 2015). Hence, the prevalence of
positive externalities helps explain how lock-in can be avoided (Onufrey & Bergek,
2015), and suggests that niches not only compete but could positively in�uence one
another.

However interactions between two technologies do not necessarily only have one
direction (Sandén & Hillman, 2011). Hence, the interaction is not limited to one
technology a�ecting another, as the second technology can also a�ect the �rst one.
The niche-niche competition described by Geels & Schot (2007) in which several
niches compete for attention and resources until one ultimate niche outcompetes
the others suggests that the niches exert negative externalities on each other. This
aligns with the conventional scenario model of Andersson & Tuschman (1990) where
an era of ferment is characterized by uncertainty and competition between alterna-
tives before ultimately one single dominant design is selected and �exibility is lost.
Opposite to competition, two niches may exert positive externalities on each other,
which is described as symbioses by Sandén & Hillman (2011) and as co-evolution by
Nykvist & Whitmarsh (2008). They can for instance take place when two substi-
tutes are used in combination to increase performance or when two technologies in
conjunction create a new market and share the burden of change (Sandén & Hillman,
2011). According to Sandén & Hillman (2011), four additional modes of interactions
could take place between technologies: neutralism, parasitism, commensalism, and
amensalism. The six modes of interaction are listed in Table 2.1.

Table 2.1: Modes of interactions between two di�erent technologies, (Sandén &
Hillman, 2011).

According to Sandén & Hillman (2011), these interactions emanate from overlaps
between two niches, i.e. when technologies share elements in di�erent parts of the
value chain. When shared resources and markets are limited, two technologies often
interact in the form of competition (Sandén & Hillman, 2011). Instead, neutralism
often occurs if these shared elements exist in an abundant supply or if a shared
resource is a non-excludable good (Sandén & Hillman, 2011). However, Bergek &
Onufrey (2015) suggested that shared resources could also enable positive external-
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ities, due to the advantages of potential synergies. One niche could for instance
be positively in�uenced by the other if it can utilize a resource that is developed
by the other niche (Sandén & Hillman, 2011). If a such resource is excludable,
the resource-receiving niche will bene�t at the expense of the resource-developing
niche (parasitism), while the developing niche is not a�ected if the resource is a non-
excludable good, e.g., non-patented knowledge (commensalism) (Sandén & Hillman,
2011).

Both more mature niches and less mature niches can develop resources that can
bene�t the other niche (Sandén & Hillman, 2011), but it appears to be more com-
mon that new niche innovations bene�t from a resource or market space that has
been developed by a more mature niche innovation. This could be explained by
the concept ofbridging technologies(Bergek et al., 2015; Andersson & Jacobsson,
2000; Sandén & Hillman, 2011). Bergek et al. (2015) investigated how technolog-
ical improvements and developments in one technological innovation system (TIS)
in�uence the success of another TIS, and argued that an immature TIS was greatly
in�uenced by developments in the surrounding, more mature, TISs while the sur-
rounding TISs only appeared to be a�ected by the emerging TIS to a limited extent.
Viewing TISs as niches, a more mature niche can act as a bridging technology that
paves the way for a less mature niche (Bergek et al., 2015), for instance in the
sense that the di�usion of the more mature niche can prepare an industry for the
characteristics that are common of the two niches (Andersson & Jacobsson, 2000).
Less mature technologies could, for instance, bene�t from learning related to pro-
duction, installations, public awareness, and institutions that are not speci�c to the
bridging technology (Andersson & Jacobsson, 2000). The bridging technology could
also create a market space that is parasitized by a less mature niche. The bridging
technology then parasitizes on an established technology or regime, while the less
mature technology parasitizes on the bridging technology. This way, the less mature
niche can bypass a structural regime lock-in and di�use even in a situation where it
is in �erce competition with an established regime (Sandén & Hillman, 2011).

The dominant interaction mode between two niches has a propensity to change over
time, and such shifts in dominant interaction modes is often related to the niches
themselves maturing over time (Sandén & Hillman, 2011). The shift in interaction
mode was also highlighted by Bergek et al. (2015) who examined the interactions
between a focal technological innovation system (TIS) and other contextual TISs
and concluded that the shift originated from the focal TIS growing and maturing.
As mentioned, they argued that a focal TIS would be immensely dependent on de-
velopments in more mature TISs, but that the dependency is expected to become
more equal later on when the focal TIS matures and can have a larger impact on
the contextual TISs (Bergek et al., 2015).

According to Sandén & Hillman (2011), two emerging technologies could also show
di�erent basic interaction modes in di�erent dimensions at the same time. That
means that an investment and learning e�ect within one niche can in�uence the
other niche positively in one way, but negatively in another. This helps to explain the
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concept of bridging technologies, in which two emerging technologies show di�erent
interactions simultaneously, as the technologies compete while they at the same time
assist each other (symbiosis) or one helping the other (parasitism or commensalism)
to develop at the expense of an established technology (Sandén & Hillman, 2011).
To understand how a niche is a�ected by another niche, it is thus not enough to
merely identify if the mirroring externality is positive or negative. Instead, one must
investigate in what way a niche is a�ected positively or negatively, and if there are
several simultaneous interactions. The following subsection will therefore highlight
three dimensions in which externalities can be investigated.

2.3.3 Interactions in di�erent dimensions

The aim of this study will be realized by investigating investment and learning ef-
fects and niche interactions within three identi�ed dimensions. The dimensions are
de�ned by the researchers and argued to be connected to investments and learning
e�ects in the context of MET and AET charging. The following subsection high-
lights and motivates these dimensions in which two niches can overlap. Further, the
dimensions will be used as an analytical framework in the study to analyze invest-
ment and learning e�ects as well as niche interactions between MET charging and
AET charging.

2.3.3.1 Technology dimension

In the context of this study, the technology dimension is chosen as it relates to
investments in di�erent hardware technologies and physical infrastructure that are
required in the niche. Further, learning e�ects in the technology dimension relate
to improvements in these technologies. Geels et al (2017 b) explain that common
learning e�ects within the techno-economic dimension relate to price and perfor-
mance improvements as a result of R&D but also technological developments as a
consequence of for example learning by doing and scale economies.

According to Sandén & Hillman (2011), two technologies understood as niches over-
lap in what they describe as the material dimension if physical artifacts are shared
e.g. if two fuels are produced at the same production plant. Hence, there is an
interaction if MET charging and AET charging share the same or parts of the same
physical infrastructure. Further, negative externalities could for example be shown if
technology developments in manual chargers a�ect the development of non-manual
solutions negatively.

2.3.3.2 Knowledge and know-how dimension

Since MET and AET charging still are under development and actors are in a
learning process we argue that knowledge and know-how is a relevant dimension
to consider. For instance, developing skills and routines are mentioned by Onufrey
& Bergek (2015) in the context of investment and learning e�ects which we argue
is related to knowledge and know-how. Turnheim & Nykvist (2019) further state
that operational issues often are overlooked but still crucial in transition processes.
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Regarding charging, operational issues could for instance consider uncertainties on
when and how to charge. Hence, increased knowledge concerning operational issues
is therefore argued to be of interest for niche development and to accelerate the
transition.

Further, the knowledge and know-how dimension includes investment in training for
actors and various actions for competence-building, which is in line with Onufrey
& Bergek (2015) describing investments and learning e�ects. Interactions, positive
and negative, are in the knowledge and know-how dimension related to whether
developed skills and training for MET charging could be reused for AET charging
or not.

2.3.3.3 Societal dimension

The third dimension is de�ned as the societal dimension as we argue that it is crucial
to include norms, behaviors, and regulations when investigating niche development
of MET charging. For instance, changed norms and attitudes towards electric op-
erations could be argued to create positive feedback loops and increased adoption
of MET charging. This is in line with Geels (2005) who argues that a transition is
not limited to technological changes since it also often includes re-con�gurations in
markets and user practices.

Further, Geels et al. (2017 b) argue for the importance of social, cultural, and
political aspects by referring to internal niche drivers. For instance, niche perfor-
mance can be increased by actors that support niche innovations with subsidies and
supportive regulations, i.e positive feedback. Further, positive or negative interac-
tions in the societal dimension depend on if norms and behaviors related to MET
charging will be relevant for AET charging or reduce its attractiveness. Regarding
regulation, there is a positive externality if regulation for MET charging also bene�ts
AET charging and a negative externality if AET is not favored. For example, Lin &
Sovancool (2020) describe how two niches bene�tted from the same regulation and
hence showed a symbiotic interaction.

2.4 Research questions and rede�ned purpose

Based on these theoretical considerations described above, we can now re�ne the pur-
pose to investigate how one of two related niches, that have not yet broken through
the existing regime, is in�uencing the other as a result of investment and learning
e�ects in the technology, knowledge and know-how and societal dimensions. Due to
the immatureness of AET charging, the study focuses on investment and learning
e�ects within MET charging and how it a�ects AET charging. To ful�ll the purpose
of the thesis, the following research questions were formulated:

1. What types of investment and learning e�ects are present for MET charging?
2. What are the mirroring externalities of those e�ects for AET charging?
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2. Theoretical framework

The study will include both an operational analysis of the techno-economic perspec-
tive and an analysis of the wider system perspective.
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3
Methods

This chapter describes the chosen research methods in relation to the aim and re-
search questions of the study. In particular, the research design is described followed
by data collection, a critical discussion about the methodology, and ethical consid-
erations.

3.1 Research design

The study aimed to investigate how one of two related niches, that have not yet
broken through the existing regime, was in�uencing the other as a result of invest-
ment and learning e�ects. To answer the research questions about what types of
investment and learning e�ects are present for MET charging and what mirroring
externalities there are for AET charging, a case study on charging for electric trucks
was used. As mentioned, MET charging is a subset of a wider socio-technical system
and could be viewed as a de�ned system, hence suitable for a case study, which is
concerned with a detailed and intensive analysis of a speci�c case and focuses on a
bounded situation or system which distinguishes a case study from other research
methods (Bell, Bryman & Harley, 2019). Further, a case study is appropriate for a
study when the aim is to generate deep knowledge and a holistic understanding of
a speci�c subject (Bell et al. 2019) which was argued to be in line with the aim of
this study.

This particular case is suitable for describing related niches since it is clear that the
two selected niches are related because they ful�ll the same function, i.e. provide the
energy needed for trucks to deliver goods, and share resources, e.g., energy. More-
over, it is clear that the niches in this particular case are niches and do not belong to
the current regime, as they are characterized by experimentation and have limited
market di�usion. In line with Geels et al. (2017 b), niche development is therefore
crucial and as MET charging has existed for a while there are probably investment
and learning e�ects within the niche. As mentioned in the background, both truck
types are expected to co-exist in the foreseeable future, but MET charging is at this
present time more mature than AET charging. Their expected co-existence, relat-
edness, and di�erent stages of maturity form an interesting situation where it is of
interest to understand how these two niches will interact. Therefore, this particular
case was appropriate for explaining possible niche interactions.

Regarding the research strategy, an abductive approach was dominantly used. Ab-
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ductive reasoning is argued to complement and overcome limitations with the tradi-
tional inductive and deductive research strategies (Bell et al. 2019). In an inductive
approach, a theory is the outcome of research while in a deductive approach the
theory is used to build up hypotheses to be tested (Bell et al., 2019). Dubois &
Gadde (2002) present what they call systematic combining, which is grounded in
abductive reasoning. The authors describe systematic combining as a process where
theoretical concepts, empirical data, and case analysis evolve at the same time and
that researchers go back and forth between these parts. This way, researchers widen
their perspectives both regarding theoretical concepts and empirical issues. With
regards to this study, MET charging and AET charging and their interactions are
relatively untapped topics in the current literature which suggests such an abductive
approach is appropriate.

The study consisted of two parts: a techno-economic perspective and a system per-
spective. The techno-economic perspective intended to answer the research ques-
tions by focusing on an individual actor and a single transport route, while the
system perspective intended to answer the research questions by including a broad
set of actors. While the techno-economic perspective mostly concerned investments
and learning e�ects within the technology dimension, the system perspective in-
cluded a more comprehensive, but less detailed, discussion of all selected dimensions.

Table 3.1 shows an overview of the di�erent phases of the study. The �rst phase
aimed to get a general understanding of both the industry and the case company
as well as identify requirements for MET and AET charging. Results from the �rst
phase were input variables for a scenario model where one current and two future
scenarios including both METs and AETs were developed. The following phase
of the study aimed to get external actors' perspectives on charging for METs and
AETs related to the dimension de�ned in the analytical framework. The scenario
model was then iterated in the fourth phase with more system requirements and data
points, for instance by improving the functionality of variables that had appeared to
be critical during the external interviews. The �fth phase combined �ndings from
all previous phases in a comprehensive analysis of both the techno-economic and
the system perspective. In addition, the �ndings from the scenario model and the
external interviews were reiterated through two internal workshops with the case
company.
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Table 3.1: Overview of the di�erent phases in the study.

3.2 Data collection

This study used mostly primary data in the form of interviews and workshops but
also secondary data in terms of internal reports from the case company. As de-
scribed in Table 3.2, the techno-economic perspective and the system perspective
had di�erent data collection methods, which together built up the analysis of the
study. As mentioned, the techno-economic perspective mostly regarded investments
and learning e�ects within the technology dimension while the system perspective
investigated all selected dimensions. The following section presents the respective
data collection methods more in detail.
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Table 3.2: The two parts of the study and their respective aims and data collection
methods.

3.2.1 Techno-economic perspective

The following subsection presents the data collection methods used to gain insights
about the research questions from a techno-economic perspective. The primary
method used was the scenario model, and di�erent data collection methods were used
to build up the scenario model. Moreover, the subsection also includes arguments
for the relevance of including a techno-economic perspective in the study.

3.2.1.1 Initial interviews and workshop built up the scenario model

Initial interviews were conducted with people from di�erent delivery areas at the
case company to build up the scenarios and get input variables to the scenario
model, summarized in Table 3.3. These interviews were explorative and helped the
researchers to understand the di�erent requirements the two types of trucks would
put on their respective charging systems. The initial interviews were complemented
with secondary data in the form of internal documents from the case company. In
addition, a workshop with the supervisor at the case company was held to develop
the scenarios that would work as input variables in the scenario model, summa-
rized in Table 3.4. The scenarios that emerged from the initial interviews and the
workshop are presented in the results.

Table 3.3: Summary of initial interviews with the case company.
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Table 3.4: Summary of scenario model workshop

3.2.1.2 Scenario model

As mentioned in the background, while public charging stations exist for METs,
there is not yet any public charging station for AETs, which means that there is
no empirical evidence of sunk costs related to replacing MET chargers with AET
chargers. To respond to the immatureness of AET charging, the researchers devel-
oped a techno-economic scenario model of what a hypothetical decision to replace
a MET charging system with an AET charging system would imply. The implica-
tions of replacing MET charging with AET charging were illustrated by comparing
two di�erent scenarios of how charging infrastructure could be installed on a se-
lected transport route. The scenario model was representing a single case, bound to
one transport route, of how niche-niche interaction could take place between MET
charging and AET charging. Hence, the scenario model was developed in order to
generate �ndings about the techno-economic perspective, e.g. in terms of comparing
sunk costs from investments in MET charging.

There are various possible ways to optimize such scenarios, e.g placing chargers in a
way that perfectly matches the driver break or placing charging stations that maxi-
mize the distance that is conducted by AETs. In this study, scenarios were optimized
based on minimizing charging hardware investments since the high investments in
charging infrastructure are highlighted as a barrier towards adoption. It is plausible
that the results would have been di�erent if the scenarios had been optimized based
on the other conditions. Since there are various ways to build up and optimize such
scenarios, the chosen scenarios did not aim to represent all possible transport routes
but rather highlight several charging issues that can be encountered when AETs
are introduced. Moreover, the techno-economic scenario model included several as-
sumptions, e.g., the assumption that AET charging was conducted with inductive
chargers. As mentioned, several other technologies were plausible for AET charg-
ing. For instance, battery swapping would have implied di�erent assumptions and
requirements that would change the scenario model results.

As mentioned previously, high initial investments create incentives to continue along
a chosen path (Onufrey & Bergek, 2015). This means that investments concern in-
dividual decisions of a �rm or individual and as mentioned in the background, the
road haulage industry is characterized by low margins which make actors prone
to make decisions based on cost-optimization. The scenario model was aiming to
highlight the impact of investments for an individual actor by quantifying the size of
sunk costs as well as other logistic consequences initial investments in MET charging
would imply for AET charging. Moreover, the scenario model helped to quantify
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what technological improvements within for example chargers would imply for a
single transport route, hence illustrated learning e�ects within the technological
dimension. Additionally, the scenario model also helped to illustrate what the in-
troduction of AET charging would imply in the societal dimension by identifying
certain requirements and bottlenecks in the logistic setup.

3.2.2 System perspective

The system perspective included various actors to get multiple perspectives on in-
vestment and learning e�ects for MET charging and broaden the analysis in the three
dimensions technology, knowledge and know-how and societal. Therefore, external
interviews with various actors in the industry were conducted. The interviewees
were chosen because they in one way or another had been part of the development
of MET charging and therefore were considered relevant to the research questions
of the study.

Semi-structured interviews were conducted with people outside the case company
to obtain an understanding of the system perspective. During a semi-structured
interview, the interviewer possesses an interview guide constituted by a list of ques-
tions or topics that should be covered in the interview, but the interviewer is not
restricted to following these questions exactly (Bell et al. 2019). For instance, the
interviewer could add follow-up questions if something of interest came up during
the interview, or change the order of the questions depending on what appears nat-
ural in that speci�c context (Bell et al. 2019). The interview questions in the study
were divided into the three identi�ed dimensions in the analytical framework and
adapted depending on who was interviewed. In total, 15 external interviews were
conducted with various actors presented in Table 3.5. To get multiple perspectives
in the analysis of the dimensions, the interviewees represented a wide variety of
actors ranging from shippers to agencies as seen in Table 3.5. However, all inter-
viewees represented Swedish companies or agencies and while some of them had an
international perspective, the �ndings retrieved from these respondents are mostly
limited to the Swedish context.

All interviews were conducted online through video conference calls and most of
them were recorded to be able to go back and re-listen. During the interviews,
one researcher was responsible for asking questions and the other one took notes.
Afterward, the researchers coded all interviews on their own by mapping results
in the three dimensions: the technology dimension, the knowledge and know-how
dimension, and the societal dimension. Then, the researchers went through the
coding together and compiled the results by grouping them by themes within the
dimensions in the analytical framework. If there were some parts of the coding that
did not match, the researchers went back to the recording to re-listen and agreed
upon the interpretation.
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Table 3.5: Summary of conducted external interviews.

3.2.3 Integration of techno-economic perspective and
system perspective

In line with systematic combining described by Dubois & Gadde (2002), empirical
data and case analysis, as well as theoretical concepts, evolve at the same time. The
integration of a techno-economic perspective and a system perspective was therefore
argued to result in a holistic approach to answering the research questions of the
study. Further, to triangulate the study, internal workshops were held based on
selected results from the scenario model and external interviews.

After compiling results from the scenario model and external interviews, two in-
ternal workshops were held at the case company to get their perspectives on the
results. As the results from the scenario model and the external interviews had
been ambiguous in terms of investments in the technology dimension, investments
were chosen as the focus subject for the workshops. The purpose was to get a deeper
understanding of to what extent investments in charging infrastructure in terms of
placement and hardware could be reused in an autonomous future, or if investments
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that were made for MET charging would result in large sunk costs. As the case
company is engaged with MET charging while simultaneously having the ambition
to diversify into AET charging, the case company was believed to bring relevant
perspectives to the discussion. The discussion points in the workshop were based
on the results from the scenario model as well as some selected results from the
external interviews. The selection of discussion points was examined together with
the supervisor at the case company. Findings that were considered more provoking
and uncertain were prioritized. This way, the results from the scenario model and
external interviews were triangulated with the results from the workshop. The pri-
mary discussion points are listed in Appendix B.

The participants were from di�erent departments at the case company, presented
in Table 3.6. The workshops were 45 minutes each and held online. To gather the
participants' thoughts in a structured way, the online-tool Miro was used where
participants could write down their ideas.

Table 3.6: Summary of workshops 2 and 3 from the case company.

3.3 Methodology discussion

To evaluate the quality of a study, Mason (1996) argues that reliability, validity, and
generalizability could be used for qualitative research. Further, the three concepts
are related. For instance, even though reliability and validity are distinguished, they
are related since validity is presuming reliability (Bell et al. 2019). Also, the authors
argue that validity and generalizability are connected because generalizability refers
to external validity. The following section is discussing the quality of this study and
is divided into reliability, validity, and generalizability.
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3.3.1 Reliability

Reliability refers to how consistent a concept is and whether one could trust the
results of a study (Bell et al. 2019). To ensure that one could trust the results,
other researchers should be able to replicate the study. The researchers aimed in
this chapter to describe in detail how the research was carried out to allow others
to follow the process. Further, in order to ensure the inter-rater reliability of the
study, coding was used as an analysis method since it enabled the researchers to
code separately and then go through the coding together and agree on interpre-
tations. Also, coding enables other researchers to review the study which implies
transparency and increased reliability. A limitation of the coding method is how-
ever whether there have been misinterpretations in the interviews. For example, if
the interviewee misunderstood the question or if the researchers misunderstood the
answer leading to wrong interpretations (Bell et al. 2019). Misinterpretations were
partially mitigated by letting the supervisors iterate the interview questions and
thereby reducing possible misinterpretations originating from unclear questions. As
the supervisor at the case company has experience of the industry, this also assured
that questions were asked in a way that would be understood by industry actors.

A weakness regarding the replicability of the study is anonymity, i.e it is not possible
to replicate the study since the case company and all interviewees are anonymous.
Moreover, some of the assumptions in the scenario model were con�dential which
contributes to reducing replicability. Also, since AET charging is immature, the
results from the interviews and the scenario model are based on current assumptions
and requirements of AETs. Hence, these requirements and assumptions are to some
extent speculative as they could change in the future if AETs develop. The actual
impact of MET charging on AET charging can, therefore, not be identi�ed until
AETs are more mature. As uncertainty decreases while the niches mature, it could
therefore be of interest to investigate how the actual interaction played out.

3.3.2 Validity

Validity refers to whether the study investigated what was intended to be inves-
tigated (Bell et al. 2019). Regarding the scenario model, assumptions regarding
the di�erent scenarios were veri�ed during the initial interviews as well as by the
supervisor at the case company. However, as the scenario model was built on many
assumptions about the future and included several simpli�cations, it could be ques-
tioned. At the same time, the assumptions that have been made to calculate invest-
ments and the e�ciency of the di�erent scenarios were not argued to be anything
more than assumptions and the aim of the scenario model was not to generate an
exact value of the e�ciency, but rather to highlight the possible di�erence in e�-
ciencies between di�erent scenarios depending on the investments that were made.
By building the di�erent scenarios based on the same assumptions, some sorts of in-
sights could still be gained about the di�erent relative performances of the scenarios.

The interview questions were formulated based on each dimension and therefore re-
lated to the theoretical framework, see Appendix A. Further, validity was strength-
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ened as the interview questions were discussed and iterated with both the supervisor
at the case company and the supervisor at Chalmers. This way, it was ensured that
the interview questions were to answer the research questions and that they were
formulated concisely. Further, as described before, two internal workshops were con-
ducted after compiling results from the interviews and scenario model. The theme
of the workshops was investments in terms of placement and hardware since that
had been ambiguous results from interviews and the scenario model. This way, an-
other source of data was used to complete what was missing. In literature, the use
of more than one method or source of data is referred to as triangulation which is
strengthening the validity of a study (Bell et al. 2019).

3.3.3 Generalizability

Generalizability is related to what Bell et al. (2019) refer to as external validity.,
i.e the degree to which �ndings in a study can be generalized to other contexts.
Researchers often discuss case studies in terms of external validity, since it appears
puzzling how a single case can be representative yielding �ndings that can be applied
more generally to other cases, which is seen as a problem for qualitative research
(Bell et al. 2019). This study did not aim to make generalizations about the speci�c
case, but rather make theoretical implications about niche-niche interactions. This
is in line with Flyvbjerg (2006) who argues that the purpose of qualitative research is
not to make empirical generalizations about entire populations, but instead that the
�ndings from qualitative research should be used to make theoretical generalizations.

Regarding the scenario model, generalizability was ensured by carefully choosing
the case (Flyvbjerg, 2006). By selecting a case that is �most likely� to prove a
hypothesis, one could draw conclusions in line with the argumentation �If it is not
valid for this case, then it is not valid for any (or only a few) cases� (Flyvbjerg,
2006). The selected transport route in this study was assumed to show high sunk
costs from MET charging. Hence, if the result from the scenario model would not
show sunk costs one could argue that if sunk costs did not exist even in a case where
they were likely to be present, then sunk costs would probably not exist for any, or
only a few, other transport routes.

Concerning the external interviews, small samples are argued to be a problem regard-
ing generalizability for qualitative research (Bell et al. 2019). This study included
15 external interviews and to increase generalizability, more interviews with di�erent
actors could have been conducted. However, due to time constraints that were not
possible in this study. Further, generalizability could also be discussed regarding
how the interviewees were chosen. The researchers �rst sampled a small group of
participants that were relevant to the research. These participants were then asked
to suggest others with relevant experience to the study, who in turn were asked to
suggest others. This sampling technique is referred to as snowball sampling and is
criticized due to its low probability of being representative of the population, hence
reducing the generalizability (Bell et al. 2019). However, as argued by Flyvbjerg
(2006), a representative case or a random sample may not be the appropriate strat-
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egy when the aim is to attain the greatest possible proportion of information on a
given phenomenon. Instead, one should choose the case that reveals more informa-
tion and is able to deeply describe insights about the phenomenon. In this study,
participants that appeared to have an interest in future developments of AETs and
had engaged in MET charging were considered to be more relevant and probable to
generate insights about the research question. However, a weakness of the sampling
method used in this study was that the researchers could have missed important
aspects when omitting actors from the initial sampling which could have had an
impact on the results. At the same time, due to the time constraints mentioned
above, there was not much choice but to choose a few actors.

Further, the thesis studies charging in the road haulage industry within a Swedish
context which implies that the results of the study might have been di�erent if the
study had been conducted elsewhere and hence could impact the generalizability.
For instance, countries di�er in terms of MET adoption, AET adoption, regulations,
grid capacity, and land availability which indicate that countries could di�er in terms
of what investment and learning e�ects are present within MET charging. Moreover,
these di�erences could also imply that the resulting mirroring externality from these
e�ects could vary between countries.

3.3.4 Overall methodology assessment

In summary, when we have looked at the various quality measures of the study
we could conclude that there are some limitations with the study. One of the
most critical ones is argued to be the anonymity of the study since it a�ects the
replicability of the study. Also, the fact that the study only included Swedish
interviewees was seen as a limitation as it narrows the generalizability. However,
what was strengthening the study were the various perspectives included in the
study: the developed scenario model, 15 external interviews, and workshops with the
case company. In addition, interviewees and workshop participants were carefully
chosen which contributed to obtaining a deep understanding of the research topic.

3.3.5 Ethical considerations

Bell et al. (2019) stress the importance of ethical considerations when conducting
research and avoiding any type of harm. This applies to the result of the study
as well as chosen methods and people involved in the research. When conducting
interviews, interviewees were asked if they were comfortable with the researchers
recording the interview and personal information was excluded from the �nal report.
In addition, all recordings were deleted when the study was completed, according
to the guidelines regarding GDPR. Further, the interviewees were informed about
the aim of the study before the interview and told to only answer questions they
felt comfortable with. Concerning con�dentiality for both the case company and
the external actors, the report was written anonymously.
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Scenario model results

The following chapter presents the results from the scenario model. The scenario
model depicts a transport route, i.e. a speci�c route that trucks are transporting
goods upon, and three scenarios of how chargers can be installed on that route: one
scenario that represents how a charging system can be built up in 2022 and operated
by METs, and two future scenarios that represent how transport can be conducted
in the future with a mixed �eet of METs and AETs. Further, the scenarios in the
scenario model are depicting �ctitious cases of how charging can be installed, and
do in no sense argue that these are the only ways one can operate the transport
route. The chapter starts by presenting the selected transport route followed by
an outline of the most basic assumptions. Additional assumptions are listed in
Appendix C. Several assumptions have been made regarding the logistic setup which
are not outlined in Appendix C due to con�dentiality reasons. However, we argue
that understanding these assumptions is not crucial as the importance for further
discussion in the thesis instead lies in the outcome of the scenario model. Lastly,
the scenarios will be presented and compared in terms of charger hardware cost and
e�ciency.

4.1 Selected transport route

The transport route that was selected for the scenario model is a long-haul route,
which in this thesis refers to a distance that requires en route charging since the
distance is longer than the range of an electric truck in 2022. In order to determine
the exact distance, we used the distance of a real-world route with a high transport
demand with goods being transported back and forth on a one-way distance of 314
km. As this route is currently driven by diesel trucks, there are no charging stations
in the real-world scenario. The charging locations in the scenarios are, therefore,
depicting a �ctitious case where there are METs.

The choice of a long-haul route is based on two considerations. First, these distances
currently appear to be the least suitable in practice for METs, but are nevertheless
necessary for a transition of the current diesel and fueling regime. Many routes that
are electri�ed today are shorter distances that do not require expensive investments
in a complex charging system. Instead, the MET can conduct a short delivery and
then return to its home site to charge overnight with a slow charger. For longer dis-
tances, i.e. where the one-way distance is longer than the vehicle range, the vehicle
needs to stop en route to charge as it otherwise would not be able to make it to the
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destination. Second, the long-haul routes are more suitable for automation as they
are the least popular routes among drivers, and therefore are particularly subjected
to driver shortages, and also include a higher proportion of highways (McKinsey &
Company, 2018).

The transport route of 314 km is, thus, a route between two hubs (see Figure
4.1). The transport route has deliveries in both directions, i.e., goods need to be
transported from a larger logistics terminal (Hub A) to a customer warehouse (Hub
B), but goods also need to be transported from the customer warehouse (Hub B)
to the terminal (Hub A). Most of the distance is conducted on a highway, but Hub
B is situated in a more complex city environment, where charging is not possible.
All scenarios illustrate di�erent ways that charging stations can be installed for the
goods to be delivered.

Figure 4.1: The selected transport route in the scenario model is a long-haul back-
and-forth between Hub A and Hub B

The decision to let most of the distance take place on a highway originates from the
assumption that AETs are closer in time to conduct transport on highways than
other routes such as city routes (McKinsey & Company, 2018). In the reportDis-
traction or disruption? Autonomous trucks gain ground in US logisticsby McKinsey
& Company (2018), it is assumed that local drivers will take over the control of the
vehicle when the truck leaves the highways. This shift is illustrated in the selected
transport route by letting the last part of the distance depict a more complex city
environment that is assumed to require a driver at least in the near future. This
way, the transport route also illustrates the coexistence of METs and AETs that
was mentioned in the background. The impossibility to charge at Hub B re�ects the
di�culty that the case company sometimes experiences at customer sites (Interview
3; WS participant 1).

4.2 Assumptions

All assumptions in the scenario model were made together with the case company
as a result of initial interviews and the scenario model workshop. As the scenario
model depicts two future scenarios, several assumptions about future technological
developments were made. The most crucial ones are listed in subsection 4.2.1. As-
sumptions related to charger hardware cost and e�ciency are described in subsection
4.2.2.
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4.2.1 Assumptions about technological developments

To illustrate that the niches di�er in terms of maturity, the scenario model assumes
that AETs would not be able to operate on the roads in 2022 but to drive on highways
in the future scenarios. It is also assumed that the future will imply longer truck
ranges due to improvements in battery developments. The scenario model also
assumes that AETs and METs will have the same ranges. Further, it is assumed
that the AETs will be charged with non-manual inductive chargers since there is
no driver that can plug a manual charger into the AETs, while METs will continue
to be charged by manual conductive chargers. The main di�erences between the
current and future time frame are summarized in Table 4.1.

Table 4.1: Assumptions about current and future transport system.

4.2.2 Underlying assumptions for charger hardware cost and
e�ciency

The scenario model compares the scenarios in terms of charger hardware cost and
e�ciency. These metrics are the result of the di�erent set-ups and assumptions that
follow each scenario. However, some general assumptions and factors in�uence these
metrics in all scenarios.

In short, charging hardware cost is calculated based on an indicative cost per charger
outlet multiplied by the number of necessary charger outlets in each scenario. The
indicative cost per charger outlet and the number of chargers required are, in turn,
determined by several assumptions listed in Table 4.2.

E�ciency is measured in terms of the total weight of the transported goods mul-
tiplied by the total distance driven. Some factors that could impact the e�ciency
are listed in Table 4.3. These factors could, in principle, be modi�ed in the scenario
model, but standard values were set to compare the scenarios. A more comprehen-
sive description of the assumptions is listed in Appendix C.
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Table 4.2: Factors that determine the charger hardware cost.

Table 4.3: Factors that determine transport e�ciency.

4.3 Scenarios

As mentioned, the scenario model aims to highlight externalities that originate from
investment and learning e�ects from METs by comparing two future scenarios that
include AETs. In the �rst future scenario, MET charging infrastructure has already
been installed on the route. This implies that the future scenario (Scenario 1b)
cannot be explained without explaining the current scenario (Scenario 1a). In the
second future scenario (Scenario 2), the route has not been electri�ed earlier and
thus represents a scenario where AETs immediately replace diesel trucks and fueling
stations without METs as a `middle step'. Hence, Scenario 2 is standalone and
detached from other scenarios. In Scenario 1a, charging infrastructure is optimized
with the current conditions in mind, while Scenario 2 is optimized based on future
conditions and AETs. However, as mentioned in Chapter 3 the transport route
can be optimized in several di�erent ways, depending on future conditions, and
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Scenario 2 illustrates one way this can be done. The scenarios will be presented in
the following order: Scenario 1a, Scenario 1b, and Scenario 2.

4.3.1 Scenario 1a: Current scenario

Scenario 1a illustrates how the route could be electri�ed in 2022, and what a feasible
operational set-up could look like then. In Scenario 1a, the long-haul is populated
by METs with a range of 120 km, which implies that the maximum range between
charging stations is 120 km (Figure 4.2). This results in the three en route charging
stations and one charging station at Hub A, where the truck can charge while the
driver loads the vehicle with goods. Figure 4.2 illustrates where the charging stations
are located and the chargers required to conduct the transport routes based on the
assumptions listed in Table 4.1 and assumptions regarding the logistic set-up. The
trucks are operated in a manner so that the full transport demand is spread evenly
across the trucks, and the charging sessions are planned as optimized as possible
given technical prerequisites in vehicles and chargers.

Compared to when the distance is driven with a diesel truck, this scenario implies
longer operational time as the trucks must stop to charge at the charging stations.
For instance, when a truck that has been driving from Hub A reaches charging
station 1, it has to stop to charge for 1 hour and 45 min (with the current charger
power), which implies that 45 minutes of the charging time can be completed while
the driver has the mandatory driver's rest, but the additional charging time that is
required could be considered a logistic loss, i.e. an ine�ciency that would not have
existed if the transport had been conducted with a diesel truck. However, there are
several ways in which the logistic losses can be minimized, e.g., with faster chargers
or that a trailer can be dropped and be picked up by another truck.

Figure 4.2: Illustration of Scenario 1a.

4.3.2 Scenario 1b: Future scenario

Scenario 1b depicts how the charging system built in Scenario 1a can be adjusted to
meet the requirements of AETs. Hence, in this scenario, there is a mixed �eet with
AETs and METs where some manual chargers have been replaced with non-manual
chargers (see Figure 4.3). This is based on assumptions presented in Table 4.1 as
well as assumptions regarding the speci�c logistic set-up. While a MET still oper-
ates the last part of the distance, one AET replaces two METs and Lane 1 and Lane
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2 in Scenario 1a are now merged into one longer lane (see Figure 4.3). As AETs in
this scenario drive the part of the distance that starts from Hub A, no driver can
load and unload the truck at Hub A. Therefore, warehouse personnel is assumed to
preload a trailer that can be mounted on the AET when it arrives at the HUB A,
i.e. trailer swapping.

The changed conditions make some of the already installed chargers obsolete (repre-
sented by gray charging stations in Figure 4.3). For instance, the manual conductive
chargers installed at charging station 1 have to be replaced with new non-manual
chargers, as no METs drive past the station anymore. While some of the manual
conductive chargers at charging station 2 can still be used by the METs, some of
these chargers have to be replaced with non-manual chargers as the AETs have to
be charged at charging station 2 as well. Hence, both charger types are installed
at this charging station. The replaced charging hardware can be considered sunk
investments from Scenario 1a. Similarly, the manual chargers installed at Hub A
are also included as sunk investments from Scenario 1a, as no MET start or stops
at Hub A. However, there is no need to invest in a new non-manual charger at Hub
A since the ranges are longer and the AET is trailer swapping and therefore not
spending much time at Hub A. Moreover, the extended ranges also rendered charg-
ing station 3 obsolete. The costs of these obsolete charging stations are included as
sunk investments from Scenario 1a.

Figure 4.3: Illustration of Scenario 1b.

4.3.3 Scenario 2: Future scenario

Scenario 2 illustrates a scenario where the long-haul route had not been electri�ed
earlier, which meant that no prior charging infrastructure exists. This means that
chargers could be installed and optimized based on future conditions, without any
legacy of old decisions.

As mentioned before, the placements of chargers were chosen to minimize the charger
hardware costs, i.e. to install as few chargers as possible. This scenario therefore
only has one charging station, which includes both manual conductive chargers and
non-manual inductive chargers. The charging station is placed so that the AET can
drive as long as possible before it has to stop to charge (Figure 4.4). Similar to
Scenario 1b, this Scenario also requires the warehouse personnel to load and unload
the goods at Hub A.
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Figure 4.4: Illustration of Scenario 2.

4.4 Comparing the scenarios

The scenarios were compared in terms of charger hardware investment costs and
e�ciency. The charging investment cost depends on how many charger outlets are
needed as a consequence of the di�erent logistic set-ups described in the scenarios
as well as if the chargers are manual or non-manual. A detailed description of these
assumptions, i.e. the number of charger outlets per location and indicative charger
hardware costs, are summarized in Appendix C.

The comparison between Scenario 1b and Scenario 2, i.e. the two scenarios in which
METs and AETs co-exists, shows that rebuilding an already installed charging in-
frastructure for METs to �t AETs (Scenario 1b), is less bene�cial than directly
building up charging infrastructure for AETs and longer ranges (Scenario 2). More
precisely, the results show that:

1. Scenario 2 is 5% more e�cient than Scenario 1b. This means that more goods
can be transported in the same amount of time and with the same number of
trucks (Figure 4.5).

2. Scenario 2 requires 54% lower total charger hardware installation costs than
Scenario 1b (Figure 4.6) and Scenario 2 is 56% cheaper than Scenario 1b in
terms of charger hardware cost per transported tonnes km (Figure 4.7).

As seen in 1), the scenarios di�er in e�ciency which means that the two scenarios
di�er in the number of goods they deliver. Further, in 2), both total charger hard-
ware installation costs per scenario and per transported kilometer are calculated.
The �rst metric does not take into account that the scenarios di�er in terms of the
number of goods that are delivered while the latter metric is comparing the charg-
ing hardware costs of the di�erent scenarios when the same amount of goods are
transported.
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Figure 4.5: Comparison between Scenario 1b and Scenario 2 concerning e�ciency,
i.e tonnes of transported goods* km driven per day.1

Figure 4.6: Comparison between Scenario 1b and Scenario 2 concerning indicative
charging hardware cost per scenario.2

1Assuming 8-hour delivery windows and chargers of 500 kW.
2Indicative charging cost per charger outlet as well as the number of outlets required per scenario

are listed in Appendix C. All used chargers are assumed to have a power capacity of 500 kW, while
the unused chargers are assumed to have a power capacity of 150 kW.
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Figure 4.7: Comparison between 1b and Scenario 2 concerning indicative charging
hardware cost per transported tonne-km.3

3Assuming 8-hour delivery windows. All used chargers are assumed to have a power capacity
of 500 kW, while the unused chargers are assumed to have a power capacity of 150 kW.
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5
Investment and learning e�ects

and their externalities

The following chapter synthesizes the results from the scenario model, the external
interviews, and the workshops using the analytical framework. The results are
therefore structured as follows: technology dimension, knowledge and know-how
dimension, and societal dimension. Within each dimension, investment and learning
e�ects within MET charging and their respective in�uence on AET charging are
described.

5.1 Technology dimension

The following section presents the technology dimension and is divided into two
parts. First, investments in MET charging and how it a�ects AET charging are
presented followed by learning e�ects and the in�uence on AET charging.

5.1.1 Investments in MET charging and how it a�ects AET
charging

Regarding investments in the technology dimension, the study highlights two main
themes: investments in charginghardwareand investments in speci�c charging sta-
tion placementswith related investments in grid capacity and groundwork invest-
ments. This subsection presents how these two types of investments are expected
to lead to positive feedbacks within MET charging and the resulting mirroring ex-
ternalities on AET charging. The study shows that externalities are dependent on
whether the investments are considered sunk costs or not and that the view on sunk
costs depends on whether a techno-economic or a system perspective is used.

5.1.1.1 Hardware

The results from external interviews showed a repeated adoption pattern, which
could have appeared for several di�erent reasons. For instance, one reason was
investments in training, which are required for e�cient use of the hardware (Inter-
view 17; Interview 15). When actors start to learn about a new technology and
how it works, they are more likely to continue with the same technology and less
prone to buy an alternative as the investments in training then would be sunk costs.
Another reason for the repeated adoption pattern was that it appeared as invest-
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ments in slow chargers made actors more prone to make investments in expensive
fast MET chargers after they had invested in slow MET chargers, as the use of
slow MET chargers highlighted the bene�t of faster chargers. For instance, one of
the shippers had invested in slow overnight chargers (22 kW) and had plans to in-
vest in faster chargers at their terminals (Interview 14). The respondent described
that they initially would start with a few chargers and then successfully increase
the number. Similarly, another shipper described how they had �rst installed slow
chargers of 40 kW, but were now planning to invest in faster chargers at one of their
transport routes to decrease charging time (Interview 15). As indicated above, fast
chargers shorten the charging session and therefore allow higher utilization of the
trucks. The high investment costs associated with the adoption of fast chargers were
also a potential reason for continued adoption. Although many of the respondents
had not yet invested in fast chargers, it became clear that actors wanted a high
utilization of the chargers, which indicates that once actors invest in fast chargers,
they will want to further exploit the investments in hardware that they have al-
ready made (Interview 14). This was also illustrated by the scenario model, which
highlighted that the investments made in Scenario 1a would imply high sunk costs
if they were replaced. The repeated adoption pattern indicates that there could be
positive feedback. However, we could not determine the positive feedback loop back
to charger developers and it is therefore unknown if the adoption of MET chargers
could lead to further development of fast chargers. Furthermore, some respondents
highlighted that investments in charging hardware will not always result in repeated
adoption patterns, as grid capacity could inhibit investments in additional chargers
at a location (Interview 14; Interview 18).

Although the above examples show that investments in charging hardware can result
in repeated adoption patterns, the most important factor for further adoption, and
hence positive feedback, appears to be the number of METs. The more METs, the
more MET chargers, but the result also showed that the investments in one MET
did not necessarily motivate investments in MET charging. For instance, one of the
shippers described one of their transport routes where they used a public charger
and argued that even if public charging implied high operational costs, investment
in a private charger was not motivated at the site as long as they only had one
MET. However, this example also highlights that the investment in the MET was
facilitated by another actor's investment in a public MET charging station.

Regarding externalities, both the scenario model results and the interviews imply
that investments in MET charging could result in sunk costs and, hence, a negative
externality on AET charging. The scenario model shows high sunk costs for Scenario
1b, while no sunk costs were present in Scenario 2. One reason for the sunk costs
is the assumption that AETs require another hardware type. Out of the manual
chargers installed in Scenario 1a, 75% of them became obsolete when AET charging
replaced MET charging (see Appendix C). The assumption in the scenario model
that manual chargers will be sunk costs is con�rmed by the external interviews as
there was a general agreement among the respondents that today's standard with
conductive manual chargers will not be used for charging AETs since there is a need
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for a non-manual solution. This was highlighted by an agency who argued �We will
not go back 50 years in time where there was personnel who fueled the vehicle for
you at a fueling station� (Interview 6). Several of the respondents argued that high
sunk costs can not be neglected. Carriers are already �nancially pressured by the
high truck costs and the overall low margins in the road haulage industry (Inter-
view 19), and those who make large investments in MET charging will want to use
the chargers until they are fully depreciated and not invest in non-manual chargers
before that (Interview 14).

However, other respondents argued that investments in MET charging would not
result in sunk costs, as MET charging will not be installed on every transport route
at once and the hardware will be replaced organically. One of the respondents
stated that� We are investing in a system that grows organically, not with full ca-
pacity at once� (Interview 6). With this system perspective, AET charging might
not experience a negative externality from previous MET charging investments since
investments in AET charging will start on other transport routes. For instance, a
shipper explained that when AETs are introduced to their terminals they would
introduce the new vehicle and charging hardware at other loading docs than the
ones on which they have already built MET charging infrastructure. There was a
general consensus among the workshop participants during workshops 1 and 2 that
the risk of getting locked in is currently small since the transport demand is high
and the need for charging stations is probably higher than what is available in the
near future. Hence, it is unlikely that all MET chargers will be installed on all
routes, which makes it possible to install AET chargers on other routes than the
routes that already have MET chargers installed.

Moreover, the timing of a broad AET introduction is unknown and the MET charg-
ers eventually need to be replaced. As described by a workshop participant: �Tech-
nology has its lifetime which means we will have to replace charging stations in the
future and maybe that will be at the same time when we see possibilities of driving
the AET on highways� (WS participant 9). Respondents also argued that �While
we of course need to build for the future, we also need to build for the demand we
have today� (WS participant 9; Interview 11). This implies that manual chargers
will be the focus in the short term and the focus could later shift to non-manual
chargers when AETs are introduced. Respondents also added that AETs probably
could be charged manually in the short term even though it is suboptimal and not
a long-term solution, which means that if AETs mature before the end of the life-
time of MET chargers they do not need to be replaced immediately. Hence, MET
chargers will most likely be used until it is time to replace them.

5.1.1.2 Placement

The results from the external interviews showed that investments in charging station
locations resulted in positive feedback loops that inclined actors to further adopt
MET charging on nearby locations. For instance, one of the carriers explained how
they had recently opened a charging station and was already planning on building
additional charging stations within the same region (Interview 18). Another carrier,
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who has been operating METs since 2020, explained how the lack of public charging
had initially been severe, but that the public charging station network recently
has evolved (Interview 19). This has expanded the possible market for METs as
more complex �ows now could be electri�ed. With this logic, an investment in
one charging station enables the introduction of METs to the region, and as soon as
METs are present in the region, these trucks could diversify into additional transport
routes which motivates investments in additional charging stations. An illustrative
example can be found in Figure 5.1, whereTransport route b requires investments
in two charging stations, but Transport route a only requires investment in one
charging station. Due to the high investments required, an actor may hesitate to
electrify Transport route b. However, as soon as investments have been made for
Transport route a, the actor can use charging station 1 for Transport route b as well
and hence only need to invest in one additional charging station.

Figure 5.1: Illustrative example of possible feedback loops as a consequence of an
investment in one charging station

When it comes to externalities for AET charging, two perspectives could be iden-
ti�ed among the respondents regarding whether the placement of charging stations
will be reused for AETs, i.e. a positive externality, or if they would be incorrectly
placed for AETs and thereby result in sunk costs, i.e. a negative externality. There
was a general agreement among the respondents that much of the investments made
in a charging station, for example, grid connections and some parts of the larger
underground cables, could be reused by AETs, even if the particular charger com-
ponent had to be replaced (Interview 20; Interview 14; Interview 18, Interview 8).
One of the shippers stated that �More than half of the investment is grid cost,
which could be reused� (Interview 15). Participants from the workshops argued that
a �exible hardware design as well as modularity will facilitate the transition to non-
manual chargers required for AETs (WS participant 2; WS participant 3). One of
the participants stated that � A modular system allows us to replace the main body

41



5. Investment and learning e�ects and their externalities

of the charger. The main parts of the charging infrastructure regard power purchase
agreements and energy sources� (WS participant 2).

However, in order to obtain these positive externalities from investments in MET
charging, the placement has to be relevant for AET charging. In this regard, some
respondents argued that AETs will be able to use the same charging stations as
METs, despite their di�erences, hence a positive externality. One agency high-
lighted that even if AETs imply new charging behaviors, these behaviors might not
necessarily imply new locations for charging (Interview 6). One of the factors that
were brought up in both external interviews and workshops was that strategically
good locations are argued to be where there is transport demand, which meant that
charger stations that are built where there is a transport demand will continue to
be relevant locations also in the future when AETs are more di�used. One respon-
dent argued: �The same places will probably be used for AETs since the stations are
already strategically at good locations� (Interview 13). Examples of such locations
were mentioned as close to highways, near ports and train depots as well as at entry
and exit points to cities. Today's gas stations were also mentioned as suitable loca-
tions by external interview respondents: �Fueling stations are located strategically
close to highways where a lot of goods are passing by. They are therefore likely to be
used for METs as well� (Interview 13).

Another reason why the same charging locations might be used for AETs is regarding
grid availability. One of the respondents stated that �The location of chargers will
be a trade-o� between the power availability and transport demand� (Interview 12).
The issue of receiving the capacity that is required was mentioned as the biggest
challenge for both MET and AET charging (Interview 13). A carrier stated that
� It would have been time e�cient if we charged at the terminal at our biggest cus-
tomer, since we are standing there to load for 1.5 hours anyway, but we could not
install the chargers there due to the limited grid capacity� (Interview 18). Local
di�erences in grid availability have, thus, made actors look for new locations. For
instance, some actors are planning charging stations at old disused factories, instead
of locations where the competition for grid capacity is more intense (Interview 13).
Hence, investments in MET charging at locations with su�ciently available grid
capacity will be relevant for AET charging as it requires similar grid availability, i.e
a positive externality. Correspondingly, land availability is an issue for both MET
and AET charging. In contrast to fuel stations, MET and AET charging requires
more space as the charging sessions are longer than refueling sessions, which might
make some locations more or less suitable for charging (Interview 13). Hence, charg-
ing stations that are adjusted for METs will also �t AETs, i.e. a positive externality.

In contrast, other respondents pointed out several di�erences between AETs and
METs and argued that optimal placements for MET charging would not be opti-
mal for AET charging, which would mean that even grid connections and other
location-speci�c investments as described above will be sunk costs, i.e a negative
externality. For instance, several respondents emphasized that the increased �exi-
bility that AETs imply could have an impact on the charging location. In contrast
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to METs, AETs are more �exible in where to stop for charging (Interview 11; Inter-
view 13.). While drivers often require nearby service facilities such as restaurants,
an AET charging station could be located in more rural areas (Interview 13). As
stated by one of the shippers �An AET is more �exible and can stop whenever it
wants, and the stop does not need to align with the driver's rest.� (Interview 14).
Hence, several respondents suggested that charging locations would be sunk costs
due to the di�erent charging behaviors that AETs imply.

Another example of sunk costs that was highlighted by a workshop participant as
well as shown in the scenario model was that charging while loading and unloading
might not be the optimal location for AET charging. The scenario model shows
that even though charging while loading at Hub A is reasonable when the distance
is driven with METs as the driver loads the truck (Scenario 1a), the charging sta-
tion at Hub A is not needed when the route is operated by AETs (Scenario 1b).
That is because AETs require that unloading and loading are performed by ware-
house personnel which implies that instead of stopping for a longer time to load
the trailers, they can instead be swapped to increase e�ciency. This implies that if
MET chargers are placed at terminals, which is suggested by external interview re-
spondents, these investments could result in a negative externality for AET charging.

Hence, the techno-economic perspective shows that if MET charging stations are
suboptimal for AET operations, actors must contrast the sunk costs to the poten-
tial savings in e�ciency that the build-up of new, optimal charging stations would
imply. Alternatively, they could choose to charge AETs at suboptimal locations.

However, other workshop participants applied a system perspective and argued that
even if charging stations become suboptimal for one actor, they would not necessarily
imply sunk costs for the overall system as they might be optimal for another actor.
As long as the charging stations are located close to roads where a lot of goods
pass by, it is likely that another actor can �nd the location optimal even if it has
become suboptimal for the actor that the charging station was originally built for
(WS participant 7; WS participant 8; WS participant 9).

5.1.2 Learning e�ects for MET charging and how it a�ects
AET charging

In this subsection, examples of how MET-related technologies have been improved,
resulting in a repeated choice of adoption and/or development are presented. Two
themes related to technology development were identi�ed in the study:technological
development of MET chargersand technological development of batterieswhich are
connected and imply positive feedback for MET charging. The resulting mirroring
externalities of these feedback loops for AET charging are described.
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5.1.2.1 Technological development of MET chargers

Technology development in chargers was brought up during the external interviews
as chargers are becoming cheaper and faster. According to an interest organization,
the price of chargers has declined as the volumes have risen (Interview 12), which
indicates that the charger developers have experienced economies of experience and
hence imply positive feedback. However, one of the biggest barriers to adoption is
the high investment cost which was highlighted by carriers and one of them stated
� We chose to not buy powerful chargers due to the high investment cost. While a 40
kW charger costs 150 000 SEK, a 300 kW charger costs 2 million SEK� (Interview
15). This indicates that even if chargers have become cheaper, the niche is still rela-
tively early in its development and charger developers have not reached the desired
levels of price/performance ratios that attract the mass market.

A key metric for increased charger performance is the ability of chargers to deliver
higher power, which allows for faster charging sessions (Interview 12). Recent years
have shown substantial development in this metric and most fast chargers have a
power capacity of 175 kW or above, indicating positive feedback for MET chargers
(Interview 9). According to an agency, charger developers have learned that higher
capacity is needed for trucks and a new standard has been developed that is ex-
pected to deliver 1000 kW before 2025 (Interview 9). The results show that actors
who get the opportunity to adopt fast MET chargers are more likely to continue
to adopt MET charging. For instance, shippers and carriers agreed on the bene�ts
of faster chargers for MET charging since it implies fewer logistic losses. There is
a general agreement among the respondents that to achieve better performance of
the charging system and a cost-e�ective logistic set-up, the logistic losses that non-
opportunity charging implies need to be minimized and trucks should charge when
the vehicle stands still (Interview 9; Interview 6; Interview 12; Interview 19; Inter-
view 20; Interview 14). One of the carriers explained that non-opportunity charging
sessions could be the result of slow chargers and described that faster chargers were
one of the reasons why they were now resuming one of their previously tested trans-
port routes (Interview 19). The transport route had previously included six hours
of charging time, but the new charging station with faster chargers would shorten
the charging time by 3 hours. This implies that using fast chargers results in better
performance, which makes the carrier more prone to continue to adopt, i.e a posi-
tive feedback. The carrier stated: �Six hours of charging is very ine�cient, and the
driver is left with not much to do� (Interview 19).

The bene�ts of fast chargers were also shown in the scenario model, as faster charg-
ers resulted in less or no non-opportunity charging. For example, with a 150 kW
charger, the charging times exceeded driver breaks in all scenarios. When fast charg-
ers with 500 kW were used instead, non-opportunity charging for the MET lane in
Scenario 1b was completely removed, as the truck was able to complete the required
charging during the driver break (see Appendix D). Fast chargers hence increase the
utilization of trucks as less or no time is required for only standing still and charging.
It also results in better performance for the entire system and lowered costs since
the same amount of goods can be transported in less time, and, consequently, at a
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lower cost. Hence, the results indicate that improvements in charging technology,
i.e. faster chargers, increase the adoption of MET charging, but the results could
not determine the feedback loop back to the charging developers. However, the im-
provements in chargers suggest that developers are experiencing learning-by-doing
as a consequence of their initial choice to develop slow chargers and knowledge about
customer demand.

Technology development for MET charging does not have to mean technology devel-
opment for AET charging since the two truck types may be charged by completely
di�erent technologies. Even if a non-manual technology could reuse the advance-
ments made in manual chargers, it is not known if faster chargers are bene�cial
for AETs. There is no general agreement among the respondents and the scenario
model about the relevance of fast chargers for AETs. From one standpoint, the
consequence of logistic losses is smaller for AET charging as these sessions are ex-
empted from labor costs (Interview 13). From another standpoint, AET vehicle
costs are higher and there is no driver break that motivates the truck to stand still
(Interview 13). This is also shown in the scenario model where all AET charging
is non-opportunity charging which suggests that while the bene�t of faster MET
charging has an upper limit, i.e. there is no need to have shorter charging sessions
than the driver break, AET charging could bene�t from even faster chargers than
METs (see Appendix D). Hence, the mirroring externality of these feedback loops
is unknown. Nevertheless, what could be said from the scenario model is that the
transport routes that include both METs and AETs are more e�cient when manual
chargers are faster as the overall system is performing better.

5.1.2.2 Technological development of batteries

Although technological improvements of batteries are related to truck development
and could be argued as being out of the scope of this study, battery development was
recurrently mentioned by the respondents as crucial for MET adoption and there-
fore also for MET charging adoption. For instance, one of the shippers explained
how they de�ne which �ows are suitable for electri�cation by investigating what
�ows have a distance that works with the battery range. That implies that better
batteries lead to increased adoption of METs and MET charging, creating a positive
feedback loop.

Both workshop participants and respondents from external interviews highlighted
that battery improvements lead to extended ranges. For example, a battery with
1000 kW will be bigger and have a longer range than one with 300 kW. A battery
with higher capacity implies longer charging sessions which further incentivizes the
development of fast chargers (Interview 3). Faster chargers are more expensive than
slow chargers, which means that bigger batteries demand more expensive charg-
ers (Interview 3). However, the scenario model illustrates how increased ranges
as a result of battery development can decrease charger investment costs, as fewer
charging stations are needed to transport goods between Hub A and Hub B. For
instance, when ranges became longer in Scenario 1b, charging station 3 was not
needed. Moreover, Scenario 2 illustrates that only one charging station was needed
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to cover the charging demand. As charger investment costs are one of the major
barriers to MET charging adoption, reduced investment costs in charging stations
could increase adoption, i.e. resulting in a positive feedback.

Other than increased battery size, i.e higher power capacity, workshop participants
mentioned that batteries could also improve in terms of e�ciency. Improved battery
e�ciency implies lowered energy consumption of the battery, which means that the
battery lasts longer without increasing in size. With increased ranges, trucks do
not need to charge as often as before and, consequently, fewer chargers are needed
and the charging investment cost can be reduced. In contrast to increased bigger
batteries as described above, more e�cient batteries do not demand higher charging
capacity (WS participant 9). Increased e�ciency in batteries would hence imply
fewer charging stations but without having to invest in faster and more expensive
chargers. Respondents also mentioned that longer ranges increase �exibility on when
to charge which makes it possible to optimize charging based on energy prices. This
increases the performance of both the MET and AET charging systems as opera-
tional costs are reduced when electricity can be purchased for more favorable prices.

Battery development as a consequence of MET adoption implies positive feedback
for METs and hence also for MET charging, but also a positive externality on AET
charging. The scenario model also shows that even though METs do not need to stop
to charge as often as a consequence of battery improvement, they still have to stop
for driver breaks. However, this is not relevant for the AETs since there is no driver
and the bene�ts of battery improvements are hence not limited by drive and rest
regulations. Respondents also agreed that battery development will bene�t AET
charging and one respondent argued that �The development for METs and AETs
follow each other, i.e battery improvements will also be relevant for the future with
AETs. However, the design of AETs might be di�erent, and if it is less expensive to
charge AETs when there is no driver cost one might use smaller batteries� (Interview
6). Hence, although it is still unknown what the optimal battery size will be for
METs and AETs, improvements in batteries will increase �exibility and bene�t both
MET and AET charging.

5.2 Knowledge and know-how dimension

This section presents the knowledge and know-how dimension and is divided into
two parts. First, investments in MET charging and how it a�ects AET charging are
presented followed by learning e�ects and the in�uence on AET charging.

5.2.1 Investments in MET charging and how it a�ects AET
charging

Investments in the knowledge and know-how dimension will regardinvestment in
training. This subsection presents how investments led to positive feedbacks within
MET charging as well the resulting mirroring externalities on AET charging.
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From the external interviews, it became clear that the industry has learned about
electri�cation and charging through investing in test pilots and participating in
knowledge-sharing forums including various actors (Interview 6; Interview 10; Inter-
view 13; Interview 16). The investments in training have resulted in actors being
convinced that electric trucks and charging work and hence are becoming more
prone to adopt an electric �eet, i.e positive feedback for MET charging. One of
the respondents stated, �The pilot projects that have run over the recent years have
contributed to the learning that electric heavy-duty trucks actually work� (Interview
13). Similarly, a carrier emphasized the need for education to lower the threshold
and stated that � To be able to electrify, one must understand how it works and what
it would mean to invest in an electric truck and charging infrastructure. Do I dare
to acquire an electric truck?� (Interview 16). Respondents also argued that even
driver-speci�c knowledge contributes to the positive attitude toward electric trucks
and will have a positive impact on charging for AET since actors develop their
knowledge about charging in general. One of the respondents argued that �We are
learning now and taking that with us in the transition to autonomous� (Interview 17).

Shippers and carriers also emphasized the importance of involving the driver early
on in the process and training them to get used to how driving and charging work.
One carrier argued that knowledge related to electric driving and charging, both
theoretical and practical, should be included in the recurring driver education that
every driver in Sweden is obliged to take part in (Interview 17). This type of driver
training is however not relevant when going autonomous since AETs have no drivers,
and some respondents, therefore, argued that the speci�c training investments for
drivers would be sunk costs, i.e. a negative externality when AETs replace METs.

5.2.2 Learning e�ects for MET charging and how it a�ects
AET charging

Learning e�ects that were identi�ed within the knowledge and know-how dimension
are related to operational knowledge in the MET charging niche. In this subsection,
examples of newly developed skills and routines that improved the performance of
the MET charging niche, resulting in a repeated choice of adoption and/or devel-
opment, are presented. Two themes were identi�ed in the empirical results:skills
within battery management and schedule optimizationand application routines for
charging infrastructure. The resulting mirroring externalities of these feedback loops
are presented.

5.2.2.1 Skills within battery management and schedule optimization

Respondents from external interviews explained how they have developed know-
how that has improved their MET operations to work more e�ciently and thereby
resulted in decisions to continue with METs and related charging activities, i.e. pos-
itive feedback. Carriers explained that in contrast to refueling, planning is a critical
part of MET charging and concerns mostly battery management. Speci�cally, car-
riers have learned how to read the battery to know when to charge and how much
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which is seen as positive feedback for MET charging. In addition, learning in battery
management was also highlighted as important when dealing with range anxiety. A
carrier described �We were �rst worried about if we would make the distance before
returning home to charge, even if it was stated that the distance was possible in the-
ory. We are now comfortable about how long we can drive� (Interview 15). Another
carrier explained that new skills in how to calculate energy consumption are critical
to plan for charging and compared their knowledge today with two years ago by
saying �Two years ago, I hardly knew what a kWh was� (Interview 18). Knowledge
in battery management was argued by the actors to be relevant in a future with
AETs to plan for optimal charging since AETs also involve energy and batteries
similar to METs.

Another example related to planning for charging that was brought up during ex-
ternal interviews was how industry actors have learned how charging should be
scheduled. By the use of opportunity charging, i.e that charging is done while doing
something else, logistic losses could be reduced, and hence e�ciency increased. One
of the respondents expressed it as �Finding that we can solve the issue of charging
while driver break has improved feasibility for electric trucks� (Interview 12). This
implies that actors are more prone to continue with MET operations, resulting in
positive feedback for MET charging. However, since AETs do not have a driver the
knowledge about how to plan for charging during driver breaks will not be relevant
anymore. One of the agencies stated that �There will be new charging behaviors
and you will optimize charging in a new way when you do not have driver breaks�
(Interview 8). Hence, although general knowledge about how charging should be
scheduled to minimize logistic losses is argued to be considered a positive exter-
nality, it is emphasized that new knowledge is required to optimize charging for
AETs.

5.2.2.2 Application routines for charging infrastructure

Another perspective on increased e�ciency in operations came from agencies who
expressed that they now have more routines and experience of applications regarding
charging infrastructure, e.g., how to handle permissions to increase grid capacity at
a site. One agency respondent stated that �The industry and agencies have learned
how to work with this issue together� (Interview 8). This creates positive feedback
for MET charging. Further, a carrier explained how they now are familiar with the
permission process and know what is taking the most time which facilitates their
application process (Interview 18). The increased routines in applications for grid
permissions will also have a positive impact on AET charging.

5.3 Societal dimension

The following section presents the societal feasibility dimension and is divided into
two parts. First, investments in MET charging and how it a�ects AET charging are
presented followed by learning e�ects and the in�uence on AET charging.
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5.3.1 Investments in MET charging and how it a�ects AET
charging

The results from investments in MET charging in the societal dimension regard sup-
port in form of subsidies. This subsection presents how investments lead to positive
feedback within MET charging as well as the potential mirroring externalities on
AET charging.

Today there are policies that support investments in MET charging, such as sub-
sidies and supportive regulations both on the national and EU level (Interview 9).
Respondents from external interviews highlighted the Swedish initiativeKlimatklivet
which can give investment support to charging projects. Although both manual and
non-manual charging solutions are supported with research grants, the initiative
only gives investment grants to projects that follow one of the two existing stan-
dards for conductive manual chargers which areCombined Charging System(CCS)
and Megawatt Charging System(MCS) (Interview 9). Such �nancial support can be
crucial for actors that are leaping to invest in charging infrastructure. For instance,
one carrier explained how they invested in charging infrastructure and received half
of the investment cost from Klimatklivet and were now prone to invest in more
charging infrastructure (Interview 18).

While it is evident that such targeted subsidies facilitate the di�usion of MET charg-
ers, the externality to AET charging is more ambiguous. The carrier that received
half of its investment cost from the subsidy explained how they had saved some
charging lots for future charging technologies (Interview 18). If the carrier would
decide to use these to install non-manual chargers, it would be partly �nanced by
Klimatklivet as the subsidy had supported the installation of the charging location
(Interview 18), which would imply a positive externality. However, one could also
argue that the mirroring externality from the subsidies for manual chargers generally
is negative. As these investment subsidies currently only support MET charging, as
there is no AET charging standard yet (Interview 9), the subsidies incentivize MET
chargers over AETs chargers. However, drawing on the same logic that was used in
the technology dimension, as soon as investments have been made in charging loca-
tions, MET chargers could easily be replaced by AET chargers at the end of their
lifetime. Therefore, the grants could be seen as positive externalities as investments
in grid capacity and other location-speci�c investments can be reused by AETs.

At the EU level, there is a commission amendment proposal (AFIR) saying that there
must be a charging station every 60 km on some selected roads before 2025 (Interview
12). If this proposal is accepted, it will force a dense set of charging infrastructure
(Interview 12). This type of regulation increases investments in MET charging
but since the proposal is not yet implemented, the impact of such regulation is still
uncertain. However, based on the results, it is suggested that as soon as actors, both
public and private, have invested in charging stations, they are likely to continue
to use and further expand the network of charging stations as it would otherwise
imply sunk costs, i.e. a positive feedback. Further, although the proposal, in theory,
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might support AET charging, the policy is directed to support MET charging, and
the mirroring externality from large investments in MET charging is as mentioned
ambiguous and dependent on e.g., the timing of AET di�usion and lifetime of MET
chargers. Moreover, workshop participants expressed that there is also a risk that
such a proposal could result in overcapacity. One respondent argued that in the
short term, the demand for charging stations is higher than the supply, but in the
long term, there is a need for more deliberate planning to make sure that charging
stations are optimized. �I am not worried that the system would be overbuilt in the
short term, but in the long term, the charging system requires smart planning and
booking functionalities�(WS participant 7). According to a charger developer, the
public charging stations funded by public actors will result in sunk costs as these
stations are only a short-term solution, and argued that such policies risk a lock-in
to an ine�cient system that will result in power peaks during lunch breaks.

5.3.2 Learning e�ects for MET charging and how it a�ects
AET charging

Learning e�ects that were identi�ed within the social dimension are related to norms,
behaviors, and attitudes. In this subsection, examples of how norms, behaviors,
and attitudes have changed as a consequence of MET charging adoption and/or
development, resulting in a repeated choice of adoption and/or development are
presented. Three themes were identi�ed that resulted in positive feedback:changed
general attitude towards electric trucks, changed driver attitudes and behaviorsand
changed customer norms. The resulting mirroring externalities of these feedback
loops are presented.

5.3.2.1 Changed general attitude towards electric trucks

There are several examples of changed norms, behaviors, and attitudes that have
been adjusted as a consequence of MET charging adoption. Perhaps most prominent
is the change of overall attitude towards METs, and hence also MET charging, which
has evolved over the last few years. One of the agencies highlighted that �It was
only a few years ago that an OEM stated that electric trucks were for transporting
crisps, and now they have electric trucks driving timber� (Interview, 6). Another
respondent argued, �When people see that METs and charging actually work you
become more inclined to try it out� (Interview 6). These changes in attitudes are
argued by the respondents to have a positive externality on AET charging, as they
are also electric trucks.

5.3.2.2 Changed driver attitudes and behaviors

Respondents from external interviews highlighted that changes in driver behaviors
and attitudes when driving and charging electric trucks have shown positive feed-
back for MET charging. One of the carriers elaborated on how the attitude among
drivers had changed: �There is a culture clash, the carrier industry is old and the
electric transition is disrupting the whole industry. There has been a macho culture
in the carrier industry, where drivers push the gas pedal a little extra so that one
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should hear the truck. The truck was supposed to be idling and it was loud, but here
comes a quiet electric truck. However, the new calm and quiet way of driving has
been met positively� (Interview 17). Another carrier stated that � The old men that
only wanted to drive diesel never want to go back as soon as they try out driving
an electric truck because the work environment is 10 times better� (Interview 18).
Similar statements were repeated over all carrier interviews (Interview 15; Interview
16; Interview 19), much due to the reduced noise and the decreased stress levels
also while charging. As there is no driver in AETs, the changed driver attitude was
argued to be irrelevant to AET charging.

One of the carriers explained that changes in driving behavior are critical, and gave
an example of one of his drivers who was one hour faster than others because of
his driving pattern which resulted in less need for charging. Hence, drivers learn
from experience how their driving behaviors should be adapted to increase charging
performance, which indicates that there is a positive feedback loop. These behavioral
aspects will not a�ect the AETs since there is no driver in the truck.

5.3.2.3 Changed customer norms

Both the scenario model and external interviews highlight the need for extended
delivery windows which implies changed behaviors among customers. Compared to
diesel trucks, electric trucks are expensive and imply a need for higher utilization
and therefore extended delivery windows, i.e more �exible opening hours when car-
riers can deliver goods (Interview 15; Interview 17). The scenario model shows that
to meet the same transport demand as a diesel truck, METs require either extended
delivery windows or an increased amount of trucks and hence an increased amount of
chargers. Hence, if actors change their delivery windows, fewer electric trucks are re-
quired. This implies reduced investment costs and increases the overall performance
of the electric system, which makes METs cost comparative to diesel. This way,
more actors can a�ord to adopt METs, which in turn will increase MET charging,
hence implying a positive feedback. Moreover, the scenario model also shows that
the introduction of AETs is likely to induce the need for even longer delivery win-
dows. The scenario model illustrated that both METs and AETs require extended
delivery windows which means that if customers accept more �exible delivery time
frames, such a change of norms would have a positive externality also on AET charg-
ing. Since investment costs in AETs are even higher than investment costs in MET
(McKinsey & Company, 2018), higher utilization and extended delivery windows are
even more crucial for AETs. Moreover, as argued by a respondent, as �AETs allow
for higher utilization as they can drive on evenings and nights which would make
the roads less crowded�(Interview 8) they are also more suitable for 24/7 operations.

The external interviews highlighted that these norms are starting to change and are
acknowledged by both carriers and customers. One of the carriers elaborated �METs
imply a new way of working and we need to get the transport buyers to understand
what it means to drive electric when vehicles are much more expensive. Some of
them have the willingness and understanding, while others have the willingness but
are stil l not committing, partly due to the costs�(Interview 19). In general, the
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industry has tight delivery hours and a carrier explained they are to a large extent
controlled by departure and arrival times set by their customers (Interview 17). For
instance, one of the shippers explained that 80% of their transports in the Stock-
holm region are conducted between 07:00-09:00 in the morning. Another shipper
expressed how the views on night deliveries have changed during the last years �In
2015 when we started discussions around night deliveries, the response from our
customers was completely di�erent. Some expressed that if we wanted to deliver
during the night, we would need to pay our customers. Today, some customers are
open for night deliveries while some are stil l not� (Interview 15). This shows that
some customers have changed their behavior and the respondent continued to ex-
plain that when a customer starts with night deliveries they do not want to go back
since they save money when having the possibility to optimize scheduling. Further,
the understanding and knowledge about the bene�ts of night deliveries will have
a positive impact on AET charging. However, night deliveries need to be adjusted
to �t AETs since it today requires that the driver unloads the goods at the customer.

In addition, respondents highlighted several other norm changes that would be ben-
e�cial for MET and AET charging adoption, but that had not been changed. For
instance, charging di�ers radically from refueling in terms of where the charging is
conducted since METs can be charged by a broader set of actors compared to diesel
trucks, e.g., at home or the customer site while loading (Interview 13). One respon-
dent argued that MET charging thus requires longer contracts with customers and
facility owners than what is generally the norm in the industry, as investors might
otherwise hesitate to invest in chargers at customer warehouses (WS participant 9).
However, it is unclear if this is something that is happening in the industry, or if
actors are just acknowledging that the norms need to change.

5.4 Summarized results

The results in this and the previous chapter show that several investment and learn-
ing e�ects could be identi�ed within MET charging as well as mirroring externalities
for AET charging. These investments and learning e�ects and respective externali-
ties are summarized in Table 5.1.
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