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Abstract

This thesis examines how the transition to electric buses in urban public transport
unfolds within a system organised through public procurement by competitive
tendering. The aim is to increase knowledge on the dynamics between the transition
to electric buses in public transport and public procurement. While previous
research on electrification has largely centred on technological optimisation, cost
modelling, and operational performance, less attention has been paid to the
institutional and organisational dynamics that influence how electrification of buses
is implemented in practice. Addressing this gap, the thesis adopts a sustainability
transitions perspective and conceptualises public procurement as a dynamic
structure composed of actors, institutions, and material components, through and
within which the transition is negotiated. Empirically, the thesis draws on interviews
with actors involved in the transition, such as Public Transport Authorities (PTAs)
and Public Transport Operators (PTOs), as well as document analysis of tenders
from Sweden, Norway, and the Netherlands. The analysis is guided by three
research questions: (1) How does public procurement influence the introduction of
electric bus technology? (2) How does the introduction of electric bus technology
influence the roles, responsibilities, and strategies of actors involved in public
procurement?, and (3) How does the introduction of electric bus technology
influence changes in public procurement instruments?

The results from the four included papers show that ownership of buses, depots, and
charging infrastructure reflects established norms, but is gradually renegotiated due
to electrification. While buses have traditionally been owned by PTOs, the expected
longer technical lifespan of electric buses and the need to ensure continuity across
contract periods have prompted an increased use of takeover clauses and
considerations of public ownership. Depots are increasingly publicly owned or
developed through public-private arrangements due to the longevity of investments,
need for strategic location, and updates to the electrical grid. Divisions of ownership
are thus shaped by expectations of the future system, as well as by practical
considerations and existing norms. Second, the transition is influenced by
procurement principles, in particular fair competition, technology neutrality, and
public value. These principles frame which technological choices that are seen as
acceptable or legitimate. Fair competition motivates public ownership of
infrastructure to avoid undue advantages for established operators, and technology
neutrality remains an important ideal in procurement, yet is challenged as PTAs



specify charging strategies, infrastructure configurations, and sustainability
requirements that implicitly favour certain technologies. In parallel, the principles
of public value frames appropriate technological choices, with procurers needing to
not only ensure technological feasibility, but also to work towards system-wide
sustainability and ensure that societal goals and goods are addressed.

Third, electrification reshapes responsibilities and strategic actions among actors.
New technology introduces new actors and dependencies, requiring PTAs to assume
expanded roles as long-term planners, coordinators of infrastructure, and to set
sustainability criteria. PTOs adapt operational practices to electric buses and seek
new capabilities, while municipalities and energy companies play a central role in
planning and permitting infrastructure. Fourth, electrification both broadens the
scope of procurement and also narrows down technological choices. Tenders evolve
from the contracting of bus services to the procurement of integrated systems that
include depots, chargers, batteries, and lifecycle sustainability. At the same time,
when infrastructure is established, later procurements must become more specific
to ensure compatibility and operational continuity, making other technologies less
plausible. This dual dynamic reflects the role of procurement in both
accommodating and directing technological change.

In sum, this thesis demonstrates that procurement is not merely a policy instrument
nor an organisational circumstance in the transition to electric buses, but rather a
dynamic structure that configures the transition and is reconfigured because of it.
The interplay between technology, institutions, and actors results in procurement
practices that are continually reinterpreted and reshaped as electric buses become
the new norm in urban public transport.



Popularvetenskaplig sammanfattning

Elbussar har blivit en allt vanligare syn i stadstrafiken de senaste aren. Pa kort tid
har utvecklingen gatt frén enstaka fordon och testprojekt till elektrifiering av en
betydande del av den svenska bussflottan. Elektrifiering av busstrafiken anses vara
en viktig del i att nd mal om minskad klimatpaverkan och nollutslipp, och
kollektivtrafiken har kommit langre dn andra delar av transportsektorn vad géller
elektrifiering. Omstéllningen har drivits av bade teknisk utveckling och politiska
mal och realiseras framfor allt genom offentlig upphandling. Eftersom 90 procent
av svensk busstrafik upphandlas under konkurrens &r detta en viktig del i
omstdllningen till elbussar, diar upphandlare kan initiera och driva teknikskiftet
genom exempelvis olika typer av krav eller mal i upphandlingsunderlag.

Mycket av den tidigare forskningen om elbussar har préiglats av ett teknikfokus och
har varit inriktad pa hur denna omstéllning kan astadkommas pé ett sa energi- och
kostnadseffektivt sdtt som mojligt. Den hér avhandlingen visar att organisatoriska
och institutionella frdgor dr minst lika avgorande. Nér en sa stor och komplex
verksamhet som kollektivtrafiken byter teknisk grund &dndras inte bara fordonen som
rullar mellan hallplatser som &ndras utan dven ansvar, roller och arbetssétt for
aktorer som planerar och utfor busstrafiken.

Denna avhandling fokuserar pa att forstd dynamiken mellan elektrifiering och
upphandling av busstrafik. Elektrifiering innebér att nya delar av systemet behdver
byggas upp, sd som laddinfrastruktur, nya sitt att planera trafik, och nya sétt att
stdlla teknik- och miljokrav i upphandling. Samtidigt sa finns det tydliga ramverk
och strukturer som styr hur upphandling fungerar, exempelvis normer kring
dgarskap av depéer, formella aktdrsroller och principer om réttvis konkurrens. Detta
skapar en dynamik didr omstdllningen till elbussar och upphandling vixelvis
paverkar varandra, tekniken som introduceras och aktorers olika roller och
arbetsuppgifter.

Genom en djupdykning i svenska upphandlingar av elbussar, med internationella
utblickar till Norge och Nederldnderna, foljer denna avhandling den snabba
omstéllningstakten i kollektivtrafiken, dar elektrifierade bussar gick frén att utgora
endast tvd procent av alla svenska stadsbussar ar 2018 till 40 procent ar 2025.
Omstéllningen medfor inte bara att en ny typ av buss sétts i drift, utan dven att
normer inom upphandling av busstrafik har utmanats, att dndrade former for
dgarskap och ansvar for infrastruktur har krévts, att nya hallbarhetsparametrar



behover hanteras inom ramen for offentlig upphandling samt att bade bestillar- och
utforarkompetens behover utvecklas for den eldrivna busstrafiken. Exempelvis visar
resultaten att fragor rorande miljoé och social hallbarhet for batterier har blivit viktiga
de senaste aren, vilket da kraver att kravstéllningen i upphandlingen maste spegla
detta. Detta stéller i sin tur krav pé bestillarens kompetens att bade utforma och
utvirdera sadana typer av krav, men ocksa att det finns resurser for uppfoljning och
kontinuerlig utveckling av kravprofilen. Dessutom ser vi att kravstillningen for
fordon och laddinfrastruktur blir alltmer specifik i takt med att elektrifieringen
fortgar och det nya systemet etableras. Bade laddinfrastruktur och elbussar har en
(forviantad) teknisk livslangd som stracker sig ldngre dn kontraktstiden, och
resultaten pekar pa ett 6kat anvéindande av dvertagandeklausuler samt specifika krav
pa fordon for att dessa ska kunna passa med befintliga laddare och elsystem.

At andra hallet har dven regelverk och normer inom upphandling och forvintningar
pa teknikutvecklingen och framtiden paverkat vilken typ av elbussteknik som har
inforts och hur denna har hanterats inom upphandlingsramverket. Konkurrens- och
teknikneutralitet och normer kring detta har format vilken aktdr som anses bast
lampad att ta ansvar och dgarskap for nya delar av bussystemet. Avhandlingen pekar
pa att det finns en trend mot dkat offentligt 4gande av depéaer och laddinfrastruktur
for att sékerstélla att konkurrensen inte blir snedvriden i framtida upphandlingar och
for att sékerstélla kostnadseffektivitet av investeringarna i infrastruktur. Dértill har
normer kring teknikneutralitet och vilken typ av krav som stélls i upphandling haft
inflytande péd vilka laddstrategier som infOrts. Operatorer ansags ha béttre
marknadskunskap om vilken strategi som kan fungera bist i olika kontexter och har
dven ansvar for den dagliga driften och handhavandet av laddinfrastruktur. Darfor
ansags det tidigt i omstéllningen lampligt att operatorer ansvarar for en del av
teknikvalen som ror laddare. Daremot dr laddstrategier i senare upphandlingar
alltmer forutbestimda av bestéllaren, och genomgaende verkar depaladdade batteri-
elbussar vara den foredragna tekniken.

Elektrifiering av bussar i kollektivtrafiken genom offentlig upphandling innebér
alltsa inte bara ett teknikskifte, utan kan beskrivas som en dynamisk utveckling dar
ny teknik och etablerade arbetssétt och normer véxelvis paverkar varandra och
tillsammans formar det nya systemets ramverk. Detta géller bdde for det ramverk
som utgdrs av ny fysisk infrastruktur och teknik och for ramverk for aktorers ansvar
och roller och vilka normer och véirden som prioriteras i omstéllningen.



Popular Science Summary

Electric buses have become increasingly common in urban public transport systems
in recent years. In a short time, developments have progressed from single vehicles
and test projects to the electrification of a significant share of the Swedish urban bus
fleet. Electrification of buses is considered an important step towards reduced and
zero emissions, and public transport has come further in this transition than other
parts of the transport system. This transition is driven both by technological
development and advancement, as well as political ambitions and societal goals, and
in Sweden it is primarily realised through public procurement by competitive
tendering. Because over 90 per cent of Swedish bus services are procured in this
way, it is an important arena for the transition to electric buses, where procurers can
initiate and advance through, for example, different types of requirements or goals.

Much previous research on the transition to electric buses has focused on technology
and optimisations of cost and energy efficiency. This thesis shows that
organisational and institutional aspects of the transitions are equally important.
When such a large and complex system like public transport changes driveline
technology, it’s not just the vehicles that drive between stops that are changed, but
also responsibilities, roles, and ways of working.

In this thesis, the focus is on understanding the dynamics between electrification
and public procurement of bus services. Electrification means that new parts of the
system need to be established, such as charging infrastructure, new ways of planning
services, and new ways to set technical and environmental requirements in tenders.
At the same time, there are frameworks and structures that influence procurement,
for example, norms regarding ownership, formal role descriptions, and principles of
fair competition. This creates a dynamic where the transition to electric buses and
procurement influence each other as new technology is introduced.

Through a deep-dive into the procurement of electric buses in Sweden, together with
insights from Norway and the Netherlands, this thesis follows the fast-paced
transition in Swedish public transport, where the share of electric buses in urban
services increased from only two per cent in 2018 to 40 per cent in 2025. The
transition involves more than a new type of bus; it challenges procurement norms,
alters how ownership of infrastructure is managed, introduces new sustainability
aspects to be addressed, and means that actor competencies need to be developed
for electrified bus services. For example, the results show that the social and



environmental sustainability of batteries has gained importance, which needs to be
reflected in the design of requirements in tenders. In turn, this raises the bar for the
necessary competencies of procurers to both design and evaluate such requirements,
but also requires that there are resources for follow-up and for continuous
development of the requirements. In addition, requirements for vehicles and
charging infrastructure are becoming increasingly specific as the new system
becomes more established. Both charging infrastructure and electric buses have an
(expected) technical lifespan that extends beyond the contract period, and the results
point to an increased use of takeover clauses and specific requirements for vehicles
so that they fit with existing chargers and electrical systems as a way to manage this.

On the other hand, regulations and standards within procurement, as well as
expectations of technological and future developments, have also influenced the
type of electric bus technology that has been introduced, and how this has been
managed within the procurement framework. Competition and technology
neutrality, and norms surrounding this, have shaped which actors are considered
best suited to take responsibility and ownership for new parts of the bus system. For
example, the results show a trend towards increased public ownership of depots and
charging infrastructure to ensure that competition is not distorted in future
procurements and for cost-effectiveness. In addition, norms around technology
neutrality and the type of requirements set in procurement have had an influence on
which charging strategies have been introduced. Operators were considered to have
better market knowledge of which strategy can work best in different contexts, and
are also responsible for the daily operation and management of the charging
infrastructure. Therefore, early in the transition, it was considered appropriate for
operators to be responsible for some of the technology choices related to chargers.
However, the results show that charging strategies in later procurements are
increasingly predetermined by the procuring authority, and depot-charged battery
electric buses consistently emerge as the preferred technology.

Thus, electrification of buses in public transport through public procurement does
not just involve a technological shift, but can be described as a dynamic
development where new technology and established ways of working and norms
alternately influence each other. Together, this dynamic shapes the framework of
the new system. This applies both to frameworks consisting of new physical
infrastructure and technology, and to frameworks influencing the responsibilities
and roles of actors, as well as which norms and values are prioritised in the
transition.
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1 Introduction

Electrification of the transport sector is regarded as an important step towards
sustainable transport and mobility systems. Replacing combustion engines with
electric drivelines can reduce greenhouse gas emissions, improve air quality, and
reduce noise pollution, creating more liveable urban environments (Dulce et al.,
2024; Rodrigues et al., 2025). Environmental benefits are often cited as a primary
reason for electrification, aligning with global and national climate targets and local
ambitions for more attractive cities (Avenali et al., 2024; Paskett et al., 2025).
However, the effects of electrification extend beyond environmental performance.
Electrification introduces new technological artefacts, such as charging
infrastructure, battery systems, and grid connections, that alter operational and
organisational processes and principles of transport systems (Behnia et al., 2024;
Manzolli et al., 2022).

One segment of the transport sector that has made significant progress with
electrification is public transport, and specifically the urban bus system. Globally,
the adoption of electric buses in public transport has increased from 0.2 per cent to
nearly 5 per cent, with China leading the way and Europe emerging as the second-
largest market (International Council on Clean Transportation, 2025). Within the
European Union, almost half of new city bus sales in 2024 were zero-emission, and
several member states have set ambitious targets for full electrification of urban bus
fleets by 2030 (International Energy Agency, 2024). Sweden mirrors this trend.
From only 54 electric buses in 2017, the Swedish fleet grew to over 1,500 by 2025,
and projections indicate that electric buses will dominate urban fleets by 2030
(Transport Analysis, 2024a, 2024b). This rapid uptake is driven by a combination
of policy instruments, technological maturity, and market developments, as well as
regional and municipal ambitions for climate neutrality.

The operation of electric buses requires new competencies, planning processes, and
investment strategies. Electric bus technology, the vehicle, battery, and charging
infrastructure, has different characteristics compared to combustion engine
technology. Therefore, electrification introduces some challenges. Public transport
systems are complex socio-technical configurations, comprising physical
infrastructure, institutional frameworks, and actor networks. These elements have
co-evolved with combustion-engine technology over the decades. Introducing
electric buses challenges this configuration, requiring adjustments in planning,
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operations, and governance. For example, charging strategies affect route planning,
timetabling adjustments, and grid capacity (Rizopoulos & Gkiotsalitis, 2025;
Varghese & Pradhan, 2025); ownership models for buses and infrastructure
influence risk distribution and investment decisions (Bakker and Konings, 2018;
Orbea et al., 2019); and procurement processes must accommodate new technical
specifications and sustainability criteria (Ammenberg & Dahlgren, 2021; Jagietto et
al., 2023). These changes ripple through the system and influence actors’ roles and
responsibilities, procurement strategies, and institutional frameworks.
Electrification is not merely a technical upgrade, but a socio-technical transition that
challenges established structures and practices.

In Sweden, public procurement is the primary mechanism through which the
transition to electric buses is realised. Over 90 per cent of bus services are organised
through competitive tendering, where Public Transport Authorities (PTAs) define
services, set environmental requirements, technical standards, and contract private
public transport operators (PTOs) to provide the services. Electrification challenges
the procurement of public transport, as practices have been designed for combustion
engine technology and are often inadequate in handling the uncertainties and
infrastructural demands of electric bus systems. Questions arise about who should
own and operate charging infrastructure, how risks and responsibilities should be
distributed, and how to balance technology neutrality with the need to steer toward
sustainability goals.

These questions are not merely procedural; they reflect deeper institutional logic
and normative expectations about the roles of public and private actors in delivering
public transport services. As such, public procurement is not only an instrument for
implementing electrification but also a structural force that shapes the trajectory of
the transition.

The interplay between electrification and procurement is dynamic. On the one hand,
procurement influences the transition by setting requirements, allocating
responsibilities, and signalling directionality. On the other hand, the transition
influences procurement by introducing new technologies, altering roles and
responsibilities, and challenging established practices and norms. This mutual
shaping calls for an analytical lens that goes beyond viewing procurement as a
policy instrument or a static context. In this thesis, I employ a sustainability
transitions perspective and conceptualise public procurement as a structure, with
material, actor, and institutional components, that both constrains and enables
action, and that itself undergoes reconfiguration in response to the electrification of
urban bus fleets.
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1.1 Research Contribution

This thesis adds a new dimension to the growing body of research on electric buses
by shifting attention from technical and economic optimisation towards the
organisational and institutional context of the transition. Whilst previous studies
have focused on cost modelling, charging strategy optimisation, and lifecycle
assessments, this work examines how actors and institutional frameworks shape the
transition in practice. Empirically, the thesis provides a comprehensive analysis of
how electrification interacts with procurement practices. With a focus on Sweden
and the organisation of public transport in this context, with complementary insights
from other European contexts, and analysing real-world procurement processes and
actor strategies, this thesis provides insights into how electrification unfolds within
established systems rather than in isolated technical domains.

This research further advances understanding of public procurement as a
mechanism for and of technological change in public transport. It demonstrates how
procurement practices evolve during a transition, highlighting tensions between
established norms and practices and new technology. The findings emphasise how
ownership models, technical requirements, and normative expectations are
renegotiated in response to electrification, offering guidance for procurement
processes that balance the need for sustainable long-term strategies and aspects of a
developing technology.

The purpose is not to contribute to developing theory; however, this thesis can
contribute insights to sustainability transitions through the conceptualising of public
procurement as a dynamic structure in the public transport system. The approach
moves beyond procurement as a static context or policy instrument by highlighting
how the structure is reconfigured through interactions between actors, institutions,
and materiality. This illustrates the duality of structures in transitions, providing
empirical examples of how structural change accompanies technological shifts in
established systems.

The following section outlines the overall aim of the research and the specific
questions that guide the inquiry.

1.2 Aim and Research Questions

This thesis aims to increase knowledge on the dynamics between the transition to
electric buses in public transport and public procurement. It does so by applying a
sustainability transitions perspective, and with a focus on Sweden, where this
technological shift takes place both through public procurement and where public
procurement sets the contextual conditions for the transition.
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The findings are grounded in empirical evidence, comprising interviews with actors
involved in the public procurement of public transport, as well as analyses of
procurement documents. The thesis addresses the following research questions:

Research question 1 (RQ1): How does public procurement influence the
introduction of electric bus technology?

Research question 2 (RQ2): How does the introduction of electric bus technology
influence the roles, responsibilities, and strategies of actors involved in public
procurement?

Research question 3 (RQ3): How does the introduction of electric bus technology
influence changes in public procurement instruments?

The thesis comprises this cover essay and four papers, with each paper contributing
to answering several research questions. Together, the papers and cover essay
address the aim of this thesis. Table 1 provides an overview of the focus of the
included papers and the research questions addressed.

Paper I explores actors’ rationales for electrification in six Swedish cities. Based on
expectations of and interests in the electrification of buses in public transport, this
study disentangles motivations for electrification to better understand actors’
strategies and roles in the transition.

Paper Il analyses how institutional frameworks in public procurement influence the
transitions to electric buses, and how regulative, normative, and cognitive
frameworks are influenced by the transition. Based on seven cases in Sweden,
Norway, and the Netherlands, the focus is on technological requirements and
divisions of ownership as procurement instruments.

Paper III examines the changing role of Public Transport Authorities following
electrification, and is based on interviews with Swedish, Norwegian, and Dutch
actors. This study deals with the PTAs’ multiple assignments as both procurers of
services and long-term strategic planners.

Paper 1V studies the dynamics of technology neutrality in public procurement of
electric buses. Based on tender documents from 45 procurements in Sweden over a
seven-year period, this study uncovers both temporal and hierarchical dynamics of
technology neutrality.
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Table 1 — Focus of the papers in relation to thesis research questions.
Orientation of the four included papers in the thesis and which of the three research questions that the

papers contribute to answering.

Paper | Paper Il Paper llI Paper IV
Focus Disentangle Examine the role Analyse how the Explore dynamics
actors’ rationales | of public role of the PTA, as of technology
for transitioning procurement in planner and neutrality in public
to electric buses, | the transition procurer of public procurement during
identifying through the transport, changes the transition to
expectations and | influence of and due to the electric buses in
interests influence on transition to electric | Sweden
regulative, buses
normative, and
cognitive
frameworks
RQ1 X X X
RQ2 X
RQ3 X X X

1.3 Terminology and Research Boundaries

By public transport, I mean “passenger transport services of general economic
interest provided to the public on a non-discriminatory and continuous basis” as per
the definition in the EU regulation on public passenger transport (Regulation
1370/2007). Public transport thus includes buses, trains, and other forms of transport
that are available to the public, charge set fares, and often run on fixed routes. In
this thesis, I focus on public transport by bus, on fixed routes, and on a fixed
timetable.

This thesis focuses on the electrification of buses in urban public transport. In the
Swedish context, this means that only so-called Class 1 buses are included. Class 1
buses are designed for both seated and standing passengers, allow frequent
passenger transfers (The Swedish Public Transport Association, 2023a), and are
often referred to as city buses' (The Swedish Bus and Coach Federation, 2024).

Electrification refers to the transition from combustion engines to electric
drivelines. I use the term electric buses, referring to buses with electric drivelines.
In the included papers and in this cover essay, the term electric bus mainly refers to
battery electric buses. When the term zero-emission bus (ZEB) is used, this includes

! Class 2 buses refer to those designed primarily for seated passengers and equipped with seatbelts,
with standing passengers allowed in the aisle, usually used for inter-urban services. Class 3 buses
are designed exclusively for seated passengers and equipped with seatbelts, usually referred to as
coaches, and are used for long-distance services.
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both battery electric buses (BEBs) and fuel cell electric buses (FCEBs). Both are
electric bus technologies.

Whilst the majority of the empirical material is drawn from a Swedish context,
the organisational form of public procurement of public transport also exists outside
Swedish borders. Whilst Sweden serves as the main empirical context, the thesis
treats the organisational form as the subject of analysis.

1.4 Structure of Thesis

The thesis begins with a background chapter describing the context in which this
research has taken place. The first part of this chapter presents real-world
developments of the electrification of public transport, both internationally and in
Sweden. This is followed by a description of the organisational context in Sweden,
and an outline of the public procurement process. This chapter aims to provide an
understanding of the setting of this thesis and begins to outline the motivation to
focus on public procurement in electrification.

Chapter 3 presents previous research on the electrification of buses in public
transport, highlighting the need to address organisational aspects of the transition.
This chapter also presents research on public procurement of public transport, both
as a policy instrument and as an organisational context. The chapter concludes with
the positioning of the thesis in relation to these research fields, setting the foundation
for the research.

The theoretical framing and analytical approach are presented in Chapter 4, with a
presentation of foundational principles of sustainability transitions research and
interpretations of structure in transitions research. The second half of the chapter
describes how I operationalise transitions concepts in order to conceptualise public
procurement as a structure as the analytical approach in this thesis.

Chapter 5 covers research design, descriptions of the empirical material, and
methods. It explains how the included papers evolved during the research process,
how they inform each other, and how the modes of inquiry respond to the aim and
research questions. Chapter 6 summarises the four included papers.

A synthesis of the results from the four papers is found in Chapter 7, illustrating the
mutual shaping between public procurement and the transition to electric buses.
Chapter 8 answers the research questions, discusses the results in relation to the
theoretical framework, presents the thesis contributions and recommendations, and
ends with suggestions for further research.
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2 Background

The purpose of this background chapter is to provide an understanding of the context
in which my research has been conducted, and to anchor the research approach in
practical, real-world developments. For an understanding of the research process in
this thesis, it is important to note the dynamic and fast-paced nature of bus
electrification, resulting both from the policy setting and the maturation and
availability of electric bus technology. Section 2.1 illustrates these developments,
describing the electrification of urban bus fleets on international and Swedish scales.
Further, an insight into the organisational setting of public transport in Sweden is
important, as this explains the roles, processes, and systems within which actors and
technology exist and operate. This is addressed in Section 2.2. Lastly, as the
electrification of buses in Sweden is now primarily realised through public
procurement, Section 2.3 outlines the procurement process and gives an account of
regulations and principles guiding public procurement of public transport in
Sweden.

2.1 Developments in the Electrification of Buses in
Public Transport

Electricity has been used to power trains, tramways, and metros for decades, and it
could be claimed that electricity as a driveline for buses in public transport is not
novel. As early as 1907, a battery electric bus operated in the UK between London’s
Victoria Station and Liverpool Street Station (The Economist, 2007). A fully
charged battery could drive the bus up to 40 (English) miles, after which it returned
to the depot to change the empty battery for a fully charged one. However, the
weight and inefficiency of the battery meant that it was soon replaced by other
propulsion technologies. Since then, major developments in both technology and
the transportation sector have influenced public transport systems. Public transport
has seen shifts in fuel and engine types, from petrol and diesel to biodiesel, gas and
ethanol, and combustion engines, and most recently electricity and hydrogen. What
contributes to the novelty of the current transition to electric buses is the widespread
implementation and pace of adoption.

23



Globally, the share of electric buses increased from 0.2 to 4.9 per cent between 2014
and 2024, outpacing the transition in the private car and heavy freight vehicle
markets (International Energy Agency, 2024). China is the frontrunner in terms of
share and number of electric buses in the transport sector, with over 70 per cent of
the global electric bus fleet (International Council on Clean Transportation, 2025;
International Energy Agency, 2024). The second largest market is Europe
(International Energy Agency, 2025). In the EU-27, electric buses comprised 3.7
per cent of the share in 2024, and this number might not come across as significant;
however, almost half of new city bus sales were zero-emission in the EU-27 in 2024
(International Energy Agency, 2024), and in three member countries (Finland,
Iceland, and the Netherlands), all new city bus sales were zero-emission (Molliere,
2025). City buses have a strong potential for electrification due to their fixed routes
and daily driving distances (International Energy Agency, 2022; Magnusson &
Berggren, 2018; Mulholland, 2023; Xylia, 2018). Within this sector, battery electric
buses dominate among the available electric bus technologies (Molliere, 2024;
Mulholland & Rodriguez, 2022).

The share of electric buses is expected to increase steadily and rapidly in the EU in
the coming years, as all EU member states have targets for the public procurement
of alternative-fuelled buses (including electric buses) through the Clean Vehicles
Directive (Directive 2019/1161). Other EU-level policies, such as the Alternative
Fuel Infrastructure Regulation (Regulation 2023/1804) and the EU Green Deal, also
influence this development. In early 2023, the European Commission published a
press release proposing new COs.emission targets for heavy-duty vehicles, and to
“stimulate faster deployment of zero-emission buses in cities”, it was proposed that
all new city buses should be zero-emission by 2030 (European Commission, 2023),
and over half of European capital cities strive to operate fully electrified bus fleets
by 2040 (Mulholland & Rodriguez, 2022).

In the earlier stages of the transition (ca 2015), demonstration projects were
launched around Europe to test new electric bus technology to assess the operational
potential and organisational needs (UITP, 2016, 2017). These demonstration
projects were part of formal, but not formalised, processes, where established actors
gained experience and competence, and new actors and technologies were
introduced into the public transport system, forming new relationships, connections,
and areas of responsibility (Aldenius et al., 2016). Since then, electric buses have
been introduced into regular operations on a larger scale, moving from introduction
by way of demonstration projects to introduction through formalised planning and
procurement processes (UITP, 2021, 2022).

2 Including both city and inter-urban buses.
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Sweden is no exception. Several test and demonstration projects in the early stages
provided actors in the Swedish public transport system with technical experience
and assessment of the operational requirements of electric buses. Many of these
projects involved both public actors, such as Public Transport Authorities and
municipalities, and private actors from the vehicle and infrastructure industry, as
well as research centres and energy companies (Aldenius et al., 2016; Lundstrom et
al., 2019). In 2017, only 54 electric buses operated in Swedish public transport
(Transport Analysis, 2026).

Since then, the sector has moved from demonstration projects towards fully
electrified urban bus fleets. In the past five years, the share of electric buses in
Sweden has increased from three per cent to over 16 per cent of the total bus fleet
(Transport Analysis, 2026). The share of electric buses is even higher if considering
only urban bus fleets, which is where electrification has made significant progress
in recent years. In 2018, the share of electric buses was just two per cent. In 2025,
40 per cent of urban buses (Class 1 buses) were electric, as shown in Figure 1
(Transport Analysis, 2026).

Urban Bus Fleet Composition by Driveline in Sweden 2015-
2025
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Figure 1 — Urban bus fleet composition by driveline 2015-2024 in Sweden.

Bar chart showing the increase in the share of electric buses (in number of buses) in Sweden
between 2015 and 2025, indicating the share (number of buses) of Class 1 buses per fuel type. From
2019, the share of electric buses has been increasing relatively fast, from two per cent to 40 per cent
between 2018 and 2025. Adapted from Transport Analysis (2026) and the International Energy
Agency (2024).
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Sweden's goal is to reach net-zero emissions by 2045, with a milestone to reduce
emissions from domestic transport by at least 70 per cent by 2030 compared to 2010
(SFS 2017:720; Skr. 2023/24:59). In public transport the shift is driven by both
national and regional targets for full-scale electrification in the near future, as well
as market developments and the maturation of electric bus technology.

Domestic transport accounts for almost a third of Sweden’s total greenhouse gas
emissions, and emissions from road traffic dominate (The Swedish Environmental
Protection Agency, 2023; Transport Analysis, 2024b). Electrification of road
transport is therefore considered an important step in decarbonising the transport
sector. Electrification of road transport, primarily private vehicles and public
transport, is also considered a way to free up fossil-free fuels for use in other
transport segments and sectors where electrification is considered more complicated
(The Swedish Public Transport Association, 2023b; SOU, 2024:97).

The public transport sector has taken large strides towards fossil-free transport
services in the past 20 years. In 2005, only seven per cent of vehicle kilometres ran
on fossil-free and renewable fuel; in 2023, that number was 95 per cent (The
Swedish Bus and Coach Federation, 2024; Transport Analysis, 2024a). As such,
emissions from the public transport sector have already been substantially reduced.

Whilst electrification and increased use of fossil-free fuels significantly reduce
greenhouse gas emissions from vehicles, from a lifecycle perspective, emissions
need to be limited as well as resource use minimised. This is one of the reasons why
measures other than merely changing fuels or driveline technology are needed.
Transport efficiency, referring to both reducing the need for transport and replacing
energy-intensive modes of transport with more energy-efficient ones, is also key in
reducing the climate impact from domestic transport (The Swedish Environmental
Protection Agency, 2023). Electrification of buses in public transport is therefore an
important contribution to the achievement of climate goals, and as public transport
emissions are low, the greatest climate impact is achieved by also increasing the
market share of public transport (The Swedish Public Transport Association,
2023b). From an operational perspective, this means it is vital that the alternative
driveline technology chosen to improve environmental performance does not
negatively impact the service of the urban bus, which would counteract the desired
modal shift to public transport (Guida et al., 2021).

The number of electric buses in Swedish public transport has increased drastically
over the past 10 years, with a 12-fold increase in five years between 2018 and 2023
(The Swedish Public Transport Association, 2023c¢). In 2025, over 2,300 electric
buses were operational in the Swedish public transport system (International Energy
Agency, 2025; Transport Analysis, 2026). The Swedish Transport Administration
predicts that by 2030, electric buses will be the most common bus type in urban bus
fleets (Transport Analysis, 2024b). Figure 2 shows the increase in the number of
electric buses in Swedish public transport over the past decade. Whilst urban
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services have constituted a significant part of electric bus traffic, recent
developments, especially since 2024, show progress has been made for regional
traffic with Class 2 buses.

Sweden’s three regions with the three major cities (Stockholm, Gothenburg, and
Malmo) have the largest electric bus fleets and have set targets for fully electrified
urban bus fleets by 2030 and 2035 (Region Vistra Gétaland and Region Stockholm,
respectively), and have goals to improve the energy efficiency of public transport
through electrification (Region Skéne) (Skanetrafiken, 2025; Storstockholms
lokaltrafik, n.d.; Vasttrafik, 2021).

This shift takes place through public procurement; therefore, the remainder of this
chapter presents how public transport is organised in Sweden. By describing the
organisation of public transport and the public procurement process, and the
principles and regulatory frameworks that guide interactions and practices, the goal
is to provide an understanding of the context within which Sweden’s transition to
electric buses takes place.

Number of Electric Buses in Sweden 2015-2025
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Figure 2 — Number of electric buses in Sweden 2015-2025.

Bar chart showing the rapid increase in the number of electric buses between 2015 and 2025, from
only 20 to over 2,300 buses, including all bus types, as shown by the lighter top bar. Of these, the
majority are so-called Class 1 buses that operate urban public transport, as shown by the darker
bottom bar. Adapted from Transport Analysis (2026) and The Swedish Public Transport Association
(2023c).
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2.2 Organisation of Swedish Public Transport

The public sector has traditionally played an important role in the planning and
provision of public transport in Sweden. Prior to 1960, public transport was
primarily organised through market-driven initiatives, operated either by private or
public entities (Ringqvist, 2016). Onwards, public funding of public transport
through taxes increased and shifted more responsibility to the public sector, and in
1978, the first national legislation assigning formal responsibility for public
transport to the public sector was introduced. Later developments and further
legislation have allowed the market to play a larger role; one significant shift was
the opening up for competitive tendering of services in 1989 (Ringqvist, 2016; van
de Velde & Hirschhorn, 2021). Since then, competitive tendering has become the
most common way to organise public transport in Sweden. Today, over 90 per cent
of Sweden’s bus services are publicly procured in a competitive tendering process
(The Swedish Bus and Coach Federation, 2024).

The Public Transport Act (2010:1065), introduced in 2012, aimed to update public
transport regulations to align them with EU legislation and opened up for further
deregulation by allowing open access to the market. This deregulation was expected
to increase competition in the market, grow the supply of public transport, and
improve cost efficiency. The Public Transport Act also stipulates that each of
Sweden’s 21 regions should have a Regional Public Transport Authority
(hereinafter referred to as PTA), composed of the region or municipality, or both.
PTAs are responsible for long-term strategic planning of public transport and the
development of regional transport supply programmes that outline goals for the
services. The transport supply programmes align public transport with broader
societal and environmental goals and strategies, and whilst national policies have
influence, PTAs have considerable autonomy in setting their own objectives and
direction (2015/16:RFR14).

The Public Transport Act therefore assigns substantial responsibility and autonomy
to PTAs for the planning and provision of public transport. In terms of planning, the
regional transport plan and alignment with regional developmental policies position
the PTAs as long-term strategic planners. In terms of the provision of public
transport, PTAs are positioned as procurers of services and the design, execution,
and evaluation of tenders. However, the planning and operation of public transport
in Sweden also involves other actors from both public and private sectors, such as
regions, municipalities, and public transport operators.

Regions are tasked with regional development, for example, promoting
environmental sustainability, reducing climate impact, and supporting energy
transitions, formalised in regional development plans. Sweden’s 290 municipalities
hold significant influence over land-use planning through the municipal planning
monopoly, which can affect public transport infrastructure, such as depots and

28



charging infrastructure, and as such are also partly responsible for public transport
(Swedish National Board of Housing, Building, and Planning, 2025).

The degree of individual actors’ responsibility for public transport varies across and
within regions, depending on strategies and design of tenders in public procurement.
In the next section, I outline the process and principles of public procurement of
public transport in Sweden.

2.3 Public Procurement Framework in Sweden

Public procurement refers to the purchase of goods and services by government or
state-owned organisations, where the public organisation acts as the client and
private companies perform the service or provide the goods. Public procurement can
be used as a policy instrument to ensure that the service procured is performed at
the best price and as a means to steer towards public goals.

Several regulations guide the process and circumstances of public procurement. In
Sweden, both EU and national legislation instruct the procedure, such as the Public
Procurement Act (2016:1145) and the EU Green Public Procurement Criteria for
Road Transport (European Commission, 2019). Nationally, the Public Procurement
Act and Procurement of Services in the Utilities Sectors (2016:1146) further set the
regulatory framework. Also, the National Agency for Public Procurement
(“Upphandlingsmyndigheten”) and the Swedish Competition Authority
(“Konkurrensverket”) instruct and guide the public procurement process.

For the public transport sector specifically, advice for the public procurement for
public transport is provided by the Swedish Public Transport Association (“Svensk
Kollektivtrafik™), where guidelines and tools have been developed as recommended
standards for the tendering process. These include, for example, models of contracts,
recommendations for technical specifications, and environmental requirements.
Whilst not obligatory, these instruments have been adopted by the sector, and their
usage is increasing (The Partnership for Improved Public Transport, 2020).

There are different ways to organise the procurement of public transport. In this
thesis, I focus on procurement models where a PTA tenders out the operation of the
bus system to a PTO. This is a widespread and increasingly common procurement
model, and usually entails that the PTO in turn procures, owns, and operates buses
(Guida et al., 2021; van de Velde, 2004). As such, normative frameworks, reflecting
norms and standardised practices, also guide the procurement of public transport,
alongside the abovementioned regulatory frameworks.

Procurement of public transport is a multi-year process, typically divided into
planning, procurement, and contract phases. It begins with a public announcement
by the PTA, inviting operators to an initial meeting for an exchange of information
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and input on the upcoming procurement. Approximately one year later, the
comprehensive tender documents are presented, where the services are described,
technical specifications and environmental requirements are set, and the evaluation
criteria are described. An open forum Q&A where potential tenderers can submit
questions, ensuring equal access to any clarifications and amendments, follows.
Circa one year after the publishing of tender documents, tenders are submitted
confidentially by operators and subsequently evaluated by the procurer. The tender
is awarded publicly, and after there is a period during which the decision can be
appealed. Typically, the new contract begins about a year after the award decision
and lasts eight to 12 years. Figure 3 depicts an outline of the process.

The focus of this thesis is the second stage of the procurement process: the design
of tender documents. This is for two reasons. First, this is the stage of the
procurement process where the direction for the services is communicated through,
for example, environmental and technical requirements or descriptions of the
characteristics of the procured services. Second, previous research has shown that
the design of such requirements needs to be adjusted and changed due to
electrification and that the use of different procurement mechanisms at this stage of
the procurement process is important for initiating change and introducing new
technologies, as will be presented in the next chapter.

The size and frequency of public transport procurement vary across regions. For
example, larger PTAs (e.g. Visttrafik and Skénetrafiken), may have continuous
ongoing procurement processes in a 10-year period for services with large fleets,
while smaller regions may procure services once in the same time period and at a
smaller scale. Therefore, the procurement experience, competence, and relevant
market knowledge necessary to plan, design, and evaluate tenders also vary. The
market is diverse, with over 200 operators in the field; however, it is dominated by
10-20 larger PTOs (The Swedish Bus and Coach Federation, 2024).

Assessment of Tender
needs > documents > Q&A
Tender N .
> submission > Awarding > Appeal > Services start

Figure 3 — Procurement of public transport process

lllustration showing the six steps of the procurement process before the services start. The focus of this
thesis has been on the second step — tender documents. Adapted from Swedish Competition Authority
(n.d.); Lidestam et al. (2016); The Partnership for Improved Public Transport (2020).
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Previously, procurement of bus services included the procurement of services
performed by vehicles; electrification also necessitates the procurement of charging
infrastructure. As this transition is still in relatively early stages, there are not yet
any standards or standardised models for how to procure this infrastructure, who
should procure it, and who should own, operate, and maintain it. This adds
complexity to the procurement process.
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3 Previous Research and Positioning

This thesis draws on research from several fields. The empirical focus is on
electrification of buses in public transport, reviewing previous research within this
field has been important to identify research gaps, narrow down the scope, and
determine the focus of this thesis. Section 3.1 gives an account of current research
on this topic and outlines the motivation to focus on organisational and institutional
factors of the transition to electric buses. Section 3.2 presents research on public
procurement of public transport, and outlines the two main ways, as [ interpret it,
that public procurement is conceptualised in public transport research. First, as a
policy instrument, where research focuses on the results of the procurement process,
as in the effect or efficiency of procurement. Second, as the organisational context,
where regulatory and normative frameworks influence and determine actors’
actions, action space, and relations. Section 3.3 explains how I position my research
within these fields.

3.1 Electric Buses in Public Transport

Research on the transition to electric buses is a relatively young but quickly growing
area of study. As a field, the focus thus far has primarily been on supporting
initiation and acceleration of the shift to electric buses to achieve global and local
environmental goals in a cost effective and environmentally efficient manner.

The environmental benefits of electric bus services are cited as a main motivation
for transitioning from combustion to electric engines, contributing to international
and national targets for reduced emissions and fossil-fuel dependence, and improved
local urban environments (Dulce et al., 2024; McCluskey et al., 2025; Paskett et al.,
2025). Operating electric buses in public transport can reduce greenhouse gas
emissions from the sector (e.g. Rodrigues et al., 2025; Say et al., 2023) and improve
air quality locally through reduced tailpipe emissions (e.g. Holland et al., 2021;
Zhou et al., 2023). The local environment further benefits through reduced noise
pollution due to the quiet electric engine (Glebe et al., 2024). These benefits could
increase the attractiveness of public transport and potentially influence a modal shift
from private to public transport (Avenali et al., 2024; Giagnorio et al., 2024; Liu et
al., 2024; Sunitiyoso et al., 2022).
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Electric buses may be tailpipe emission-free during operations; however, for the
total climate and environmental impact of electrification, one needs to consider the
lifecycle of the bus and not only Well-to-Wheel or Tank-to-Wheel. The full
environmental impact also depends on how the electricity powering the buses is
produced, and therefore varies with the energy mix and source, and between cities
and countries (Farzaneh & Jung, 2023; Panta et al., 2024; Rodrigues et al., 2025),
and may also vary locally with daily and seasonal variations in the electricity mix
(Rupp et al., 2019). The total energy consumption is also determined by local
conditions such as topography (Avenali et al., 2024), temperature (Giagnorio et al.,
2024; McGrath et al., 2022), battery production, degradation and recycling
(Nordelof et al., 2019), and the operational characteristics of the services (Ager-
Wick Ellingsen et al., 2022; Wang et al., 2025).

Even with these variations, transitioning to a partially or fully electric bus fleet in
public transport offers climate and local environmental benefits compared to
combustion engine buses (Dulce et al., 2024; Nordelof et al., 2019). As a result,
much of the research on electrification of public transport aims to initiate and
accelerate the transition, and is addressed in several different disciplines and through
diverse perspectives; for example, the development of vehicle and battery
technology (Manzolli et al., 2022; Varghese & Pradhan, 2025), the design and
planning of operations with a charging configuration (Hsu et al., 2021; McCluskey
et al., 2025; Zhang et al., 2025), cost analysis (e.g. Dulce et al., 2024; Rodrigues et
al., 2024; Xiao et al., 2024), sustainability and social effects (Giagnorio et al., 2024;
Holland et al., 2021; Ku et al.,, 2021; Lajunen, 2018), and organisation and
collaboration (Aldenius et al., 2022; Borén & Grauers, 2019; Gasparre et al., 2025;
Orbea et al., 2019).

Regardless of the varying approaches to the study of electric buses in public
transport, a common theme is the presence of barriers to, and complexities
associated with, full-scale adoption. These complexities are considered to derive
from introducing buses powered by an electric engine and associated charging
infrastructure into a system planned and designed for buses powered by a
combustion engine and fuelling stations. A common point of departure is that the
transition is unlikely to unfold in a straightforward manner but will require that the
established system evolves and is altered or adjusted to the specifics of electric bus
technology.

Technical and infrastructural complexities in the transition to electric buses
primarily stem from the integration of charging infrastructure and the alignment
with operational characteristics such as timetables, routes, and grid capacity.
Research has largely focused on developing optimisation models to determine ideal
charger locations and operational strategies that balance cost, energy efficiency, and
service reliability (Behnia et al., 2024; Hall et al., 2019; Paskett et al., 2025;
Rizopoulos & Gkiotsalitis, 2025). Different charging strategies, for example, depot-
based slow charging and opportunity fast charging along a route, require different
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planning approaches and have implications for grid capacity, urban space
availability, and operational flexibility (Manzolli et al., 2022; Rodrigues & Seixas,
2022; Varghese & Pradhan, 2025). These changes require adjustments to
established systems. In addition, due to range and charging constraints, electric bus
fleets are expected to be larger than combustion engine fleets (Othman et al., 2024).

Further, many of the studies aiming to optimise and model the transition base input
data on assumptions of future costs and limited operational experiences (e.g. Friel3
& Pferschy, 2024; Lu et al., 2023). Whilst such studies can provide indications of
the transitions expected progress, the fast-paced developments in practice are not
fully mirrored in research. Despite the growing body of technology-focused
research, a key research gap lies in the contextual variability of these solutions.
What works in one city may not be suitable in another due to differences in
geography, infrastructure, and policy priorities. Moreover, while optimisation
models offer valuable insights, they do not fully account for the decision-making
processes of actors who weigh technical performance against sustainability goals,
costs, and market conditions.

Economic complexities in the transition to electric buses revolve around high initial
investment costs for vehicles, batteries, and infrastructure, contrasted with lower
operational costs over time (Blynn & Attanucci, 2019; Mohamed et al., 2018;
Paskett et al., 2025; Rodrigues et al., 2024; Say et al., 2023). The Total Cost of
Operations (TCO) framework is commonly used to assess feasibility (e.g. Harris et
al., 2020; Holland et al., 2021; Jefferies and Gohlich, 2020; Kim et al., 2021; Ku et
al., 2021; Quarles et al., 2020; Tong et al., 2017) and show that electric buses are
increasingly cost-competitive compared to combustion engine buses. However, the
distribution of costs across different actors, such as public authorities and private
operators, creates imbalances. While one actor may benefit from reduced
operational expenses, another may bear the burden of infrastructure investment.
Several studies call for subsidies, grants, and public funding to mitigate these
barriers and support long-term transition efforts (e.g. Giagnorio et al., 2024; Li et
al., 2018; Thorne et al., 2021; Xiao et al., 2024; Zhou et al., 2024).

Despite growing evidence of the economic viability (e.g. Ghotge et al., 2025), a gap
remains in understanding how financial responsibilities are negotiated and shared
among actors. Current models often overlook the institutional and organisational
undercurrents that influence investment decisions. Further, this research states that
economic and institutional support is necessary (e.g. Aldenius et al., 2022; Bakker
and Konings, 2018; Gasparre et al., 2025), yet there is limited research to date on
how this support is designed and implemented in practice. There is a need for more
research on how these tools, like procurement strategies, are applied in practice, and
how they interact with evolving market conditions, technological maturity, and
policy frameworks.
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This thesis focuses on addressing these research gaps on institutional and
organisational parameters of the transition to electric buses, with a particular focus
on public procurement. The following section provides an overview of the literature
on organisational and institutional factors in the transition to electric buses and
outlines the motivation to focus on public procurement.

3.1.1 Addressing Institutional Complexities and the Importance of
Organisational Context

Institutional complexities arise from the organisation of public transport and from
the way the system has developed and been designed for previous technology.
Established planning processes, financial strategies, relations and responsibilities
among actors and the physical system have evolved in unison with combustion
engine technology, and, as summarised in previous sections, are not compatible with
electric bus technology. Research in this area highlights and problematises the lock-
ins in the current system, ranging from inflexible operational planning models
(Paskett et al., 2025; Zhou et al., 2024) to calls for increased political and authority
support for electrification (Avenali et al., 2024), altered divisions of risks
(Giagnorio et al., 2024) and relations between actors, and alterations to procurement
processes and strategic planning (Borén & Grauers, 2019; Orbea et al., 2019). It can
be argued that both economic and technical complexities and constraints to the
transition derive from the established institutional context, and that addressing
institutional complexities can cause a chain reaction, so to speak, minimising or
erasing other barriers to the transition.

Political and authority willingness and support, through targets, goals, and funding,
are necessary for the transition and to realise the global and local benefits of
electrification (Avenali et al., 2024; Mohamed et al., 2018). By setting targets and
near- and long-term goals for public transport, authorities can indicate the desired
trajectory. Several studies conclude that the transition is dependent on authorities
and other public actors taking on a leading role in setting the conditions for the
transition through requirements and targeted procurements, minimising
uncertainties and increasing willingness and incentive to invest in a technology that
currently might be perceived as immature or risky (Bakker & Konings, 2018;
Hensher, 2021; Mohamed et al., 2018; Orbea et al., 2019).

As new actors and technology are introduced in the system, relationships between
actors are changed, new roles may be created, and new responsibilities allocated.
This alters established practices. For example, Bakker & Konings (2018) suggest
that authorities take on responsibility for investment and establishment of
infrastructure, and Rodrigues et al. (2025) and McCluskey et al. (2025) conclude
that authorities ought to re-evaluate current incentives and subsidiary support.
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There are also calls for adjustments to procurement and contracting, for example,
the consideration and inclusion of electric bus characteristics in tender requirements
(e.g. Ammenberg and Dahlgren, 2021; Gadepalli et al., 2022; Jagietto et al., 2023),
and altered forms of contracting to handle division of risk and responsibility (e.g.
Hensher, 2021; Orbea et al., 2019). These studies conclude that current practices
and established ways of working in procurement and contract design are inadequate
to manage the technical characteristics of electric bus technology and the
uncertainties and difficulties that the transition entails. As concluded, the technical
characteristics of electric buses differ from previous technologies, and therefore the
tools used to introduce these into the system must be adapted to the new technology.

Bakker & Konings (2018) call for institutional change to remove barriers to electric
bus adoption, involving transport authorities taking an active role in the transitions
through, for example, new business models, investments in infrastructure, and
assuming more risks in contracting. Their study highlights how authority initiatives
and new strategies have the potential to minimise barriers to the transitions. Recent
research by Gasparre et al. (2025) brings to light how the institutional context
influences the transition to electric buses by analysing organisational dynamics in
electrification in Italy. The authors highlight how PTAs navigate changes associated
with electrification and bring attention to how institutional pressure and
technological developments cause PTAs to act and modify existing routines and
processes by, for example, adjusting routes due to charging constraints, and
investing in new infrastructure as technology develops (Gasparre et al., 2025).

There is consensus that political support, authority initiative, and new strategies and
processes in policy and procurement are necessary to overcome barriers to
electrification and realise a technological shift. Yet, there is limited research on
whether and how current practices have changed, or on how policy tools such as
procurement have been used and altered in this transition. This research aims to fill
that gap.

Whilst this consensus exists, it is important to acknowledge that the level of political
support, the policy landscape, the organisation of public transport, and the processes
within which such measures are to be included, vary from context to context, both
on an international and national scale. As such, the focus on Sweden in this thesis
places public procurement of public transport in the forefront, as it is through this
process that the transition to electric buses takes place, as well as establishing the
organisational context, the relationship between actors, and the boundaries of action.
Therefore, the next section presents previous research on public procurement of
electric buses.
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3.1.2 Public Procurement of Electric Buses

Electrification introduces technological uncertainty, altered cost parameters, and
complex infrastructure demands regarding the procurement of public transport,
requiring procurement and tendering of buses to undergo changes to accommodate
and manage this. Simultaneously, research calls for policy support and targeted
procurement strategies to actualise the transition and to manage the above-
mentioned complexities. I understand this as procurement both influencing and
being influenced by the transition to electric buses.

Research on tendering and the procurement of electric buses highlights that existing
practices are inadequate for managing the new technology that electrification
entails. Rodrigues & Seixas (2022) and Li et al. (2018) emphasise a need for new
mechanisms for contracting and procurement in order to overcome cost and risk
barriers to the implementation of electric buses. Similarly, Hensher (2021) writes
that significant unknowns of electric bus fleets and future developments may require
that current practices be altered to better reflect and manage the risks and
responsibilities that operators and authorities face during the course of the transition
to a zero-emission fleet.

In their study on tender criteria for electric and diesel buses in Poland, Jagietto et al.
(2023) found that there was no significant difference in the tender criteria for the
two technologies, thus concluding that organisations that had processes and
procurement patterns for diesel buses in place have transferred these to tenders for
electric buses. This results in tenders not sufficiently considering both the
advantages and disadvantages of electric bus technology. Difficulties in procuring
new technology are also highlighted in a Swedish study, where Ammenberg &
Dahlgren (2021) developed a multi-criteria assessment framework for comparison
between different bus technologies in public procurement. Technical maturity, the
total cost of ownership, and the need for investments in infrastructure are discussed
as characteristics of electric buses that differ from other technologies, and where
current procurement practices are inadequate for addressing these aspects (Dahlgren
& Ammenberg, 2021).

In terms of infrastructure, both Orbea et al. (2019) and Borén & Grauers (2019)
suggest that procurement models be adapted to electric buses, but to separate the
procurement of buses and services from the procurement or establishment of
charging infrastructure. According to Borén & Grauers (2019), procurement of
charging infrastructure prior to services ensures that any permits for grid
connections are secured before services start, and procuring this separately is also
economically favourable as the infrastructure has a depreciation period longer than
contractual periods (Orbea et al., 2019). Such strategies would divide the
procurement of the electric bus system into two different tenders — one for services,
and one for infrastructure.
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In her thesis, Xylia (2018) explores early electrification efforts of buses in
Stockholm, concluding that a new institutional set-up is necessary, and also
suggesting changes to procurement. For example, stricter procurement standards for
electric buses are necessary to steer technological choices, as well as adjustments to
ownership models, investment incentives for infrastructure, and extensions of
contracts.

3.2 Public Procurement of Public Transport

Public procurement is an important tool for transitioning to more sustainable
societies, as it sets sustainability requirements and shapes supplier and market
behaviour (Brammer & Walker, 2010; Soénnischsen & Clement, 2020). Criteria set
through public procurement can stimulate innovation, increase public welfare, and
contribute to sustainability goals, depending on the purpose of the procurement
(Edquist & Zabala-Iturriagagoitia, 2020). There is a vast body of research on public
procurement; I concentrate specifically on the procurement of public transport by
delineating the two major focus areas of the research that are significant for this
thesis. First, research that analyses public procurement as a policy instrument in the
provision of public transport, and second, research that conceptualises public
procurement as an organisational context.

3.2.1 Public Procurement of Public Transport as a Policy Instrument

Procurement of public transport, particularly through competitive tendering, is
widely utilised as a mechanism to achieve various policy goals and societal values.
Public procurement through competitive tendering is considered to foster innovation
and competition in the market (van de Velde et al., 2008), improve the efficiency of
public transport (Nash & Smith, 2020), and reduce costs (Hensher & Stanley, 2010).
Thus, it is seen as a way in which the public sector can drive technological change,
sustainable outcomes, and innovation (Hansson et al., 2023). Public procurement of
public transport is as such recognised as a powerful demand-side policy instrument
for achieving environmental and societal goals, in which case it is often referred to
as Green Public Procurement or Sustainable Public Procurement (e.g. Aldenius,
2021; Testa et al., 2016; Timm et al., 2025).

As the focus of this thesis is the procurement phase, specifically the design of tender
documents, it deals with the planning and initial design of procurement, and not the
evaluation of the outcome of the procurement. The efficiency and monetary value
of a procurement process deal with the ex-post results of the procurement, placing
focus on the outcome of the procurement and, as such, will not be described here.
The focus is on the mechanisms of procurement and tender documents that can be
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designed by procurers to achieve various societal and environmental goals.
Research on how public procurement as a policy instrument functions and how
authorities can translate environmental targets into practice emphasises the role of
technical and environmental requirements or criteria, and the award mechanisms
included in tenders.

The design and formulation of tender requirements play a pivotal role in steering
technological transitions and advancing environmental objectives in public
transport. Technical and environmental requirements in tenders establish the
minimum compliance criteria that all bidders must meet. This defines the required
standards and characteristics for the services being procured, for example,
performance, energy consumption, material sourcing, and vehicle and driveline
specifications (Lindfors & Ammenberg, 2021; Testa et al., 2016). In the bus sector,
these are categorised into functional or specific requirements, and how they are
designed and formulated impacts the flexibility, innovation potential, and cost-
effectiveness of the procurement (Aldenius et al., 2021; Camén et al., 2020; Timm
et al., 2025).

Aldenius et al. (2021) show that Swedish tenders increasingly employ functional
requirements specifications, such as emission and energy efficiency targets. This
allows operators flexibility in technological choices, and can promote innovation
towards, for example, low-emission solutions. On the other hand, specific
requirements, such as mandates for biogas or electric buses, have been instrumental
in accelerating infrastructure development for alternative fuels, albeit at the cost of
reduced flexibility and higher procurement complexity (Aldenius et al., 2021;
Aldenius & Khan, 2017). Camén et al. (2020) also highlight that specific or overly
prescriptive contract design can hinder adaptive responses to emerging
technologies. Aside from environmental requirements, their study also highlights
how operational and technical requirements, such as timetables, bus design, and age
requirements, as well as the use of technical standards, influence the flexibility of a
contract and the cost, efficiency, and quality of the services procured.

The procurer’s competence to design and evaluate technical and environmental
requirements is crucial for the use and effectiveness of these mechanisms (Aldenius
& Khan, 2017). Knowledge of how to translate goals and targets into tender
requirements, and up-to-date technical and market knowledge, is necessary to set
relevant and targeted requirements (Lindfors & Ammenberg, 2021). This
competence, and the resources to develop such competence, might not be fully
established during periods of uncertainty or in the face of technological change,
(Hensher, 2021). Therefore, the use of different public procurement mechanisms
and their effectiveness may vary in the face of, and during the course of,
technological change.

This literature also mentions the relationship between authority and operator (e.g.
Aldenius et al., 2021), as they, as a result of the procurement process, are contractual
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partners; it is important to acknowledge how authorities’ governance and strategies
in procurement influence the performance of operators (van de Velde & Hirschhorn,
2021). This calls for research that also addresses the organisational context and how
this influences procurement and tendering.

3.2.2 Public Procurement as an Organisational Context

Attention to organisational aspects of procurement highlights that, in addition to
being a policy instrument, procurement also functions as an organisational context.
The organisation of the supply of public transport in Europe is categorised into two
groups by van de Velde (1999): authority initiative and market initiative, as
illustrated in Figure 4. In a market initiative, the supply of transport services is based
on autonomous market entry at the transport supplier’s initiative, based on the
profitability of the service. In an authority initiative, a public transport authority has
the power to define the services, and market entry is based on the authority’s
initiative.

Authority initiative is further categorised into public ownership and private
concession, where public ownership entails that the services and associated assets
are run and owned by the authority or delegated to a private operator. Private
concession involves a private operator being selected by the authority. In this thesis,
I focus on contexts where a public transport authority organises public transport
services and assigns temporary rights to an operator, i.e. authority initiative through
private concessions. In such contexts, there is direct competition between operators
periodically when they submit bids for tenders for temporary operational rights of
services (van de Velde & Hirschhorn, 2021). This is referred to as public
procurement through competitive tendering.

Organisation of public transport

Authority initiative Market initiative
P ———-—- 2
[ [
Public [ Private | Regulated
ownership : concession : authorisation Open entry
[ L L L d

Figure 4 — Organisational models in public transport.

Figure showing different ways to organise the supply of public transport services, divided between
authority initiative and market initiative. In this thesis, the focus is on authority initiative and private
concessions, where services are publicly procured through competitive tendering. Adapted from van de
Velde (1999).
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Public procurement plays a pivotal role in shaping the institutional landscape of
public transport systems (Aldenius et al., 2021; Hansson, 2011) as it determines how
services are delivered, and defines the roles, responsibilities, and strategic capacities
of actors (Canitez & Celebi, 2018). Canitez (2019) argues that all actors and
organisations in the public transport system are embedded in an institutional
environment. Such institutional environments involve regulatory and normative
dimensions that define roles and procurement strategies (Veeneman, 2018). This
includes both formal rules, such as politics and legislation, and informal frameworks
or paradigms, such as norms and customs (Canitez & Celebi, 2018; van de Velde,
2004). This shapes the interests and actions of actors, and the context within which
they can pursue strategies and their action space. Previous research also highlights
that the efficiency of procurement and performance of public transport is highly
reliant on the institutional context (Canitez & Celebi, 2018; Guevara et al., 2025;
Hirschhorn et al., 2019).

The organisational context is, therefore, important to acknowledge in public
transport studies as it guides actors and determines the operational context of public
transport. This research highlights differences between more mature, “stable”
institutional environments, and contexts with more informal or immature
organisation and operation of public transport services. Gwilliam (2008) writes of
the regulatory cycle in bus transport, which reflects shifts between market
liberalisation and regulation, where weak institutions and fragmented markets often
lead to instability and underdevelopment of public transport services. This can
prompt state intervention and, over time, mature institutional environments emerge
with legal frameworks, defined actor roles, and professionalised contracting rules
and relationships, increasing the efficiency of services (Gwilliam, 2008).
Furthermore, Costa & Fernandes (2012) point out that technical changes, such as
electrification, can reinforce the maturation or formalisation of institutional
environments due to the need for cost-intensive investments in infrastructure and
coordinated planning, contributing to a shift towards defined roles and regulatory
frameworks.

Institutionally strong public transport settings are characterised by shared norms and
political vision, public transport regulations and legal frameworks, strategic
directions, competent and defined authorities, and the existence of professional
contracting and tendering mechanisms (Canitez & Celebi, 2018). Sweden, and
several European contexts, such as Norway, Germany and the Netherlands, can be
considered to exhibit these characteristics (Hirschhorn et al., 2020; Longva &
Osland, 2010; Veeneman, 2018).

As previously noted, this thesis focuses on authority initiative through private
concessions, in particular, what is sometimes referred to as the Scandinavian model,
where public authorities are responsible for designing and procuring public
transport services and then purchasing them from private companies, via a tendering
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process (Hansson, 2011; Longva & Osland, 2010; van de Velde, 1999). Canitez &
Celebi (2018) write that, “The transactional relationship between operators and
authorities in any public transport system occurs not in a vacuum, but in a
particular institutional environment” (p. 116). In particular, the organisational form
under study leads to the transactional and contractual relationship between
authorities and operators (Camén et al., 2020; Canitez & Celebi, 2018; Hansson,
2011; Longva & Osland, 2010; Molander et al., 2018). Most notably, Public
Transport Authorities emerge as central actors with the introduction of competitive
tendering, especially in the so-called Scandinavian model, which legally positions
the PTA as responsible for the planning and procurement of public transport
(Hansson, 2011; van de Velde, 1999).

As such, public procurement through competitive tendering distributes strategic,
operational, and financial risks and responsibilities between actors, with PTAs
traditionally bearing strategic risks and uncertainties, and operators bearing
operational risks. This distribution influences the actors’ priorities and interests. In
terms of responsibilities, the division of risks further requires actors to hold
specialised competences to manage their roles, bringing to light the resources and
capabilities that actors consider necessary to function in this organisational context.
For example, PTAs hold wvarious responsibilities that combine regulatory,
entrepreneurial, and financial functions. They authorise operators, design and award
tenders, set and enforce market rules, and subsidise services to meet societal goals
(van de Velde, 2004). These responsibilities, and in turn the roles and logics of
actors (e.g. Aldenius, 2018; Camén et al., 2020; Hansson et al., 2023), shape the
organisational context and the power dynamics between actors in public transport
systems.

Viewing procurement as an organisational context thus shifts attention from
outcomes to processes: how institutional logics, actor strategies, and material
artefacts co-evolve. It underscores that procurement is not static; it is reconfigured
during transitions as new technologies, competencies, and expectations emerge.

3.3 Positioning and Contribution

This thesis positions itself at the intersection of research on electric bus adoption
and studies on public procurement of public transport, addressing a critical gap in
understanding the organisational and institutional dimensions of the transition to
electric buses in public transport.

While research on electric buses has expanded in recent years, a substantial share of
this research carries a normative orientation, where electrification is framed as an
unequivocally positive development, with a predominant focus on how this
transition ought to occur. Much of this research assumes that environmental and
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economic optimisation will drive adoption, which has led to a focus on
technological solutions, modelling approaches, and prescriptive policy
recommendations. Relatively little attention has been paid to institutional factors,
role negotiations, and organisational adjustments. This thesis responds to this gap
by offering empirically grounded analyses of 4ow electrification unfolds within a
procurement-based organisation of public transport, and examining structural
reconfiguration. This complements the predominantly normative literature with
insights into how this transition interacts with existing structures.

Similarly, studies on public procurement often conceptualise public procurement as
either a policy instrument for achieving sustainability goals or as the organisational
context. Whilst it is acknowledged that the two are interdependent, and the role of
public procurement in initiating technological shifts has been established, the
influences of such technological change on procurement itself are less developed.
In addition, in contrast to perspectives that conceptualise public procurement as
primarily a market mechanism for fostering competition and efficiency, this thesis
moves away from a market-based logic. I approach procurement as an
institutionalised structure, rather than an instrument operating on the assumption of
well-functioning markets and rational actors. This shifts the focus from market
performance to institutional and material conditions within which procurement
decisions are made and enacted.

The theoretical framework and analytical approach are presented in the following
chapter.
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4 Theoretical Framing and Analytical
Approach

This chapter presents the field of sustainability transitions, which serves as the
theoretical point of departure for this thesis. Research on sustainability transitions
focuses on how socio-technical systems change, evolve, transform, and restructure
to meet new needs and functions in the light of sustainability challenges. Section
4.1.1 serves to outline the fundamental principles and ideas in this field of research,
leading into Section 4.1.2, outlining the debate on agency and structure in this
research. 4.1.3 describes different conceptualisations of structure and how it is
interpreted in transitions research. In Section 4.2 I present how sustainability
transitions and structure are understood and operationalised in this thesis.

4.1 Sustainability Transitions

4.1.1 Fundamentals and Characteristics of Transitions

Socio-technical change; how new technology is used, accepted, diffused, or
rejected, can be studied from a variety of perspectives, one of which is socio-
technical transitions (Sovacool & Hess, 2017). Socio-technical transitions involve
change to a socio-technical system (e.g. energy system, transport system, healthcare
system), where technology and insitutions are changed fundamentally. Whereas
studying technological change may only include the changes in the technological
dimension, socio-technical transitions also encompass changes in institutional
structures, meaning that, for example, cultural, regulatory, organisational, and
cognitive changes are also conceptualised as part of the transition (Zolfagharian et
al., 2019).

In light of the many and vast sustainability challenges that we face today,
incremental change is not sufficient to break with old, unsustainable systems and
transition towards more sustainable ones. Markard et al. (2012) highlight that the
issue of how to promote and govern toward sustainability is of key importance to
address, and act against, these challenges with radical changes. With a basis in
socio-technical transitions, they describe this as sustainability transitions, defined as
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“long-term, multi-dimensional, and fundamental transformation processes through
which established socio-technical systems shift to more sustainable modes of
production and consumption” (Markard et al., 2012, p. 956).

Kohler et al. (2019) present several characteristics of sustainability transitions that
set this field apart from others where technological change is studied. First, the
characteristic of multi-dimensionality and co-evolution. As the socio-technical
system consists of multiple, connected elements, changes in one dimension involve
changes in another. Sustainability transitions are not linear processes but involve
multiple developments in many directions. Secondly, sustainability transitions are
multi-actor processes, and each actor has a specific set of resources, capabilities,
beliefs, interests, and strategies (Farla et al., 2012; Fischer & Newig, 2016).

Further, transitions are a long-term process. Innovations need time to mature and
achieve market readiness, and the destabilisation of existing systems to allow
innovations to emerge also takes time. Because of the multiple possible transition
pathways, sustainability transitions are also characterised by values, contestation,
and disagreement. Different actors may have different notions of sustainability and
different strategies for achieving it (Kemp & van Lente, 2011; Smith & Stirling,
2010). Lastly, Kohler et al. (2019) write of the normative directionality of
sustainability transitions. Central to sustainability transitions is the role of public
policy, shaping the direction of the transition through regulation, subsidies, and
taxes (Farla et al., 2012; Markard et al., 2012). This, then, requires a normative
statement of what it is that the transition should achieve (Fuenfschilling, 2019).

Long-term goals often guide the direction of a sustainability transition. Markard et
al. (2012) phrase it as a transition being purposeful and intended. Kemp & van Lente
(2011) state that sustainability transitions involve additional challenges compared
to other types of transitions, as sustainability not only involves a change to the
system but also a change in the criteria used to determine whether the new system
is appropriate in addressing sustainability challenges. It may be required that such
criteria change drastically so that they align with sustainability concerns and not
economic benefits (Kemp & van Lente, 2011; Smith et al., 2010).

A key characteristic of transitions is the dynamics between stability and change.
Fuenfschilling (2019) argues that the dynamics between the established system and
the change generated both inside and outside of this system could be the most
defining feature of sustainability transitions research. It is therefore of interest to
study the nature and source of certain changes, but also the persistence and stability
of existing systems. Sustainability transitions and the characteristics of the process
of socio-technical change have been addressed through a variety of different
analytical frameworks. Strategic niche management, transition management, and
the multi-level perspective on socio-technical transitions are considered to be core
frameworks in transition studies (Zolfagharian et al., 2019).
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4.1.2 Agency and Structure in Transitions

Whilst different in scope and focus, there are common assumptions amongst the
three dominating frameworks of sustainability transitions research, one of which is
that the persistence of stability of the existing system can be explained “through the
embeddedness of actors in structural environments” (Fuenfschilling, 2019, p. 221).
Within the transitions literature, there is a debate on agency and structure, and the
role of these in transformational change. Agency and structure are considered
conceptual counterparts; together, “they (re)produce societal dynamics through
their mutual entanglement and interaction” (Kok, 2023, p. 1). The debate on agency
versus structure centres around how individual and collective actions (agency)
interact with, are constrained by, or transform the stable socio-technical systems that
define societal functions (structures) (Duygan et al., 2019; Fuenfschilling, 2019).

Early transitions studies have received critique for a “systems-bias” that analytically
prioritises socio-cognitive rules as regime stability and technological dependencies,
and neglects the role of actors, whilst more recent literature has sought to integrate
theories of agency and institutional change (e.g. de Haan & Rotmans, 2018; Fischer
& Newig, 2016; Schiirer, 2025; Sorrell, 2018; Svensson & Nikoleris, 2018).
Consequently, recognising the co-evolution of actors, institutions, and materiality
has become central to understanding how stability and change unfold
simultaneously. This has produced more nuanced conceptualisations of structure
and agency, ranging from socio-cognitive rules and expectations to highly material
elements such as infrastructure, that generate both path dependence and possibilities
for change.

Whether structure and agency should be understood as inseparable or analytically
distinct varies. Drawing on structuration theory, some transitions scholars argue for
a duality in which structures both enable and constrain action while being
reproduced through routine practices (e.g. Avelino, 2017; de Haan & Rotmans,
2018). Other perspectives, however, argue for analytical dualism, contending that
structures and agency possess distinct causal powers that operate on different
timescales and should therefore be examined separately to understand transition
outcomes (e.g. Sorrell, 2018). Across these perspectives, a common insight is that
agency is always exercised within structural conditions shaped by rules, norms, and
material arrangements, while actors’ strategic actions can gradually transform those
same conditions (Koistinen & Teerikangas, 2021; Schiirer, 2025; Wittmayer, 2026).
Schiirer (2025) presents three common perspectives on agency and its relation to
structure in transitions research, of which the most relevant to this thesis is the
notion of embedded agency. This approach perceives agency as being shaped by the
agent’s strategies, as well as the socio-technical system the agent is embedded in,
the norms and expectations suggested by the structural context, and the resources
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the structure allows for the agent (Schiirer, 2025). From this perspective, structure
directly influences agency as it forms the conditions of it.

The debate on agency and structure highlights that while agency enables change, it
is shaped and often constrained by structural conditions, whether understood as
stable rules and routines, or as fluid, relational configurations. Building on
perspectives that conceptualise structure as the constellation of rules, norms, and
material technologies that condition actors’ capacity for change, my analytical focus
turns to structure because [ understand it to provide the configurations through
which actors operate and where procurement decisions acquire meaning and
consequence. In this thesis, this approach enables a clearer understanding of how
electrification reconfigures the enabling and constraining environment for action,
rather than interpreting procurement outcomes solely through individual or
organisational agency.

4.1.3 Conceptualising Structure in Transitions

The concept of structure in transitions research is complex and subject to various
interpretations drawn from different theoretical traditions (Kok, 2023; Svensson &
Nikoleris, 2018), including structuration theory, institutional theory, and systems
thinking.

Structuration theory posits that social systems are constituted through the duality of
structure and agency; structures constrain and enable action, while actions
reproduce or transform structures (Giddens, 1984). This perspective informs
transition studies by emphasising that actors operate within structural contexts, but
also have the capacity to enact change. Institutional theory contributes the notion of
structure as a set of regulative, normative, and cognitive pillars that stabilise social
systems (Scott, 2014). These pillars manifest in laws, standards, cultural norms, and
shared beliefs that coordinate behaviour. In addition, systems thinking adds another
layer, viewing structure as the configuration of different elements, technologies,
institutions, and practices, which co-evolve over time (Zolfagharian et al., 2019).
These foundations frame structure both as a constraint to and an enabler of
sustainability transitions.

Transitions research demonstrates a plurality of interpretations and
conceptualisations of structure; one influential conceptualisation is structure as
socio-technical regimes, which are embedded configurations of technologies,
infrastructures, user practices, and cultural meanings (Geels, 2002). Regimes are
stabilised through the mutual interdependencies among these elements, creating an
inertia to change. This highlights the co-evolutionary nature of structure, where
technological artefacts, institutional arrangements, and social practices reinforce
each other over time. Therefore, regimes are considered to exhibit resistance to
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change because alterations in one element often require changes in others, making
transitions highly complex and multi-dimensional (Geels, 2010; Turnheim, 2023).

Another interpretation of structure in transitions research emphasises rules, norms,
and institutions that govern socio-technical systems. This includes regulations,
standards, and informal conventions that guide actor behaviour and maintain system
stability (Fuenfschilling & Truffer, 2014). This interpretation draws on institutional
theory, viewing structure as a set of regulative, normative, and cognitive pillars that
shape actors’ (inter)actions. Such structures create path-dependencies and lock-in
effects, making transitions challenging by reinforcing existing practices. However,
institutional structures are not seen as static, but evolve through a process of
institutionalisation and deinstitutionalisation (structuration) (Fuenfschilling &
Truffer, 2014). This change is often incremental as institutions are embedded in
organisational processes and societal norms. This conceptualisation underscores
why sustainability transitions require attention to institutional frameworks.

The concept of structure can also extend to include power and power dynamics in
transitions. This portrays structure as not-neutral; it embeds asymmetries of
influence that shape transition trajectories (Avelino et al., 2016). This interpretation
foregrounds the political dimension of structure, emphasising that transitions
involve contestation and negotiation rather than purely technical or institutional
change.

As shown, there are different ways to conceptualise structure in transitions studies.
Kok (2023) presents paradoxical sets of interpretations of structure in transitions
research, underscoring the multitude of different approaches to the concept. Of
particular interest for this thesis is the different conceptualisations of the
concreteness of structure, how active it is in its own right, and how structure is
considered to influence action.

An elusive conceptualisation of structure stresses the different rules that coordinate
actions, such as normative and cognitive frameworks. Such intangible and abstract
conceptualisations of structure are manifested through the actions of actors, from
which changes to the structure are considered to derive. The conceptual counterpart
would be a concrete conceptualisation of structure, where physical artefacts and
infrastructure are highlighted as influencing the dynamics of transitions (e.g. Geels,
2002). Attention to materiality can deepen the understanding of the role of the
physical manifestations of a system in transformational change (e.g. Svensson &
Nikoleris, 2018). There exists a span of conceptualisations of structures, ranging
from elusive to concrete, or as Kok (2023) phrases it, the different structures
considered in transitions research can be “concrete as a coal plant, or as elusive as
societal expectations regarding the future of sustainability” (p. 2).

The activeness of structure in transitions may also be open to interpretation. It can
be argued that structures shape transitions, exercising power through institutions,
norms, and practices (e.g. Huttunen et al., 2021). In this sense, structure is active
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and can influence behaviour and practices, but not act deterministically (e.g.
Fuenfschilling & Truffer, 2014). A process of structuration can therefore be seen as
institutionalisation or regime-coherence. Separating process from structure renders
structure something to be engaged with and acted upon, and avoids attributing any
agency to the structure. This conceptualises structure as something more passive,
but still a determinant of how transitions unfold. Another key question is how
structure is considered to influence action. Interpretations differ on whether they
function as a medium for action, shaping the environment within which actors
operate, or as a condition for actions, constraining and enabling agency (Kok, 2023).

The concept of structure in transitions research is, as described, multifaceted and
encompasses institutional rules, socio-technical regimes, networks and power
relations. The different interpretations and conceptualisations do, however,
converge on the idea that structure both constrains and enables change, shaping the
pace and direction of transitions, albeit with different analytical priorities.

4.2 Analytical Approach: Public Procurement as
Structure

My approach for this thesis is that public procurement of public transport can be
conceptualised as a structure that influences how actors in public transport manage
technological change. I understand structure as something that gives “structure to
actions” — that is, something that influences or provides conditions for actions, and
that, in turn, can be influenced by actions.

Conceptualising public procurement of public transport as a policy instrument in a
technological shift or a transition mainly focuses on the effect of this tool, that is,
the outcome of specific procurements in replacing old technology or introducing
new technology, as described in the previous chapter. This creates a seemingly one-
way influence from the actions of actors (how they procure) and the resulting
materiality (what they procure), with a focus on the effect or effectiveness of these
actions. The conceptualisation of public procurement as a structure allows for the
idea that the materiality itself affects actions; a two-way influence instead of one

The perspective of public procurement being the condition for action is, as
previously mentioned, also a common approach in public transport studies. The
perspective of public procurement as only the condition for action entails that this
phenomenon is regarded as a constant or perpetual, solely providing the
circumstances for actions, but not changing, even during the course of technological
shifts or changes. Conceptualising public procurement as a structure opens up the
idea that the structure itself is influenceable and may undergo changes through a
reconfiguration of components.
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Conceptualising public procurement of public transport as a structure further allows
for attention to institutions and how these influence action. Whilst both the approach
of public procurement as a policy instrument and as a condition for action
acknowledge regulative institutions, for example, legislation on the process of
public procurement and its influence on actions, normative and cognitive
institutions are also influential. Given that normative and cognitive institutions
affect action through the way they influence how actors understand their reality and
what actions are deemed appropriate or possible, it is essential to also pay attention
to these institutional frameworks.

Therefore, conceptualising public procurement as a structure, one that both
influences and is influenced by actions, provides me with the concepts necessary to
explore the dynamic influence between public procurement and the transition to
electric buses. [ understand this structure to be composed of actors, materiality, and
institutions, whose interdependencies and dynamics have developed to provide a
specific societal function; in this case, the provision of public transport services.
Figure 5 depicts a conceptual diagram of the components and the dynamics. I argue
that this configuration has developed and been established in unison with
combustion engine technology. For the purpose of this research, I assume that due
to the introduction of new technology (materiality), this configuration and its
components (actors, materiality, institutions) undergoes changes, thus altering the
structure itself.

Materiality refers to tangible and intangible resources in the system, which includes
physical technology and infrastructure and can also include non-material elements
such as knowledge and experience. In this thesis, the primary focus is on charging
infrastructure, vehicles, and batteries as physical components of the electric bus
system, collectively referred to as electric bus technology.

I'understand actors as being able to pursue strategies. Strategies refer to goals actors
want to achieve as well as the activities they pursue and the resources they deploy
to achieve those goals. Resources can be tangible as well as intangible, as noted
above (Farla et al., 2012). There is a wide range of actors who operate in and
influence the public transport system, for instance, politicians, national-level policy-
makers, actors in the automotive industry, charging infrastructure manufacturers,
and passengers. In this thesis, I focus on actors involved in the public procurement
process directly; as such, those are PTAs and PTOs, as noted in Section 3.2.

Institutions refer to regulative, normative, and cognitive frameworks. Cognitive
frameworks can be regarded as the lens through which reality is constructed, e.g.
visions, expectations, and mental paradigms. Examples of these in public
procurement of public transport can be expectations of future technologies and
visions for the future transport system. Normative frameworks refer to informal
rules that have come to be accepted following socialisation and socially desirable
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expectations, e.g. values, responsibilities, and duties. Examples in this thesis are, for
instance, normative roles, formal but not formalised procurement practices, and
procurement values and principles, guiding how actors approach procurement.
Regulative frameworks determine the “rules of the game”, constrain behaviour, and
regulate interactions; most often, these are legislation, policies, and regulations. In
this thesis, examples are the Law of Public Procurement, climate policy goals, and
the European Clean Vehicles Directive.

Institutions

()

Actors

Materiality

L
N

Figure 5 - Components and dynamics in the structure

Structure, as the configuration between institutions, actors and materiality, and the dynamic
influence between these components, is assumed to change due to the introduction of electric
buses.
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5 Research Design, Empirical
Material, and Methods

In this chapter, I explain the research design and how I have approached the four
studies included in this thesis. I begin by describing the research design, first
addressing theoretical considerations and implications to the research approach,
then mapping how the papers are connected and how they contribute to answering
the research objectives. For an understanding of the chosen modes of inquiry and
methods, I detail the data collection process and the motivation to use interviews
and documents as empirical material, along with methods for analysis. Reflections
on the reliability and validity of this research approach bookend this chapter.

5.1 Research Design

The research design outlines how various aspects of the study, such as objectives,
methodological approach, and data collection and analysis, align to address the aim
of the thesis and research questions (Holscher et al., 2021). This is of particular
importance to explain when adopting a transitions perspective, as these aspects
should reflect the complexity and multi-dimensionality of socio-technical change
(Zolfagharian et al., 2019). In this thesis, the focus is on the dynamic between the
transition to electric buses in public transport and public procurement, explored
through a transitions lens. While the theoretical framing is discussed in the
preceding chapter, this section elaborates on how those theoretical choices shape the
research design and process, including the selection of materials and methods.

5.1.1 Normative Orientation and Reflexive Methodology

Transitions research is inherently normative, aiming not only to understand change
but to contribute to sustainability-oriented transformation (Kemp & van Lente,
2011; Loorbach et al., 2017; Susur & Karakaya, 2021). This means that research
should begin from real-world challenges, critically interrogate existing systems, and
support pathways toward sustainable change. Consequently, the research design
must reflect this by incorporating considerations of societal relevance, knowledge

53



co-creation, and reflexivity (Ampe et al., 2026; Susur & Karakaya, 2021;
Zolfagharian et al., 2019). In this thesis, these principles are addressed through the
selection of cases that are situated within ongoing transition processes, and through
methodological choices that allow for engagement both with actors and the
particular context of the transition under study.

To support this, the research adopts an interdisciplinary and qualitative approach,
which is necessary to capture the multi-dimensional nature of socio-technical
change, allow for adaptability of methods to fit the particular study, and capture the
embedded actors’ perspectives and their own understanding of electrification
(Douglas, 2017). Reflexivity is embedded throughout the research process, with
attention paid to my role as a researcher, the evolving context of the transition, and
the implications of methodological choices. This includes adapting methods in
response to emerging insights and maintaining a critical stance toward the
assumptions and boundaries of the research (and researcher).

Moreover, recognising the value of actors’ perspectives not only as data but as
sources of situated knowledge is important. The interview, interviewees, and the
documents that together form the material are influenced by their contexts and do
not emerge from an objective void. Further, recognising this material as situated
knowledge also acknowledges the partiality of the data (Thompson, 2001).
Individually, the interviews and documents provide a partial perspective, but
together they can be used to portray experiences in the transition to electric buses,
which I, as a researcher, piece together in the design of the research and in the
interpretation and presentation of the findings. Thus, it is important to provide not
only thorough descriptions of the context of the studies (Chapter 2) and what
previous knowledge informs my analytical lens (Chapters 3 and 4), but also the
process, conditions, and practicalities guiding the inquiry, and the situational
circumstances out of which the knowledge was produced (Background and Methods
in included papers, and the remainder of this chapter).

5.1.2 Process and Orientation of the Included Papers

The work with this thesis began with a literature review of research on electric buses
in public transport and the state of transition in public transport systems across the
world. This review identified the importance of considering the organisational
context and the processes through which the transition takes place. As a result, a
focus on the Swedish context entailed addressing the role of public procurement in
this transition, laying the foundation for this thesis.

A closer look at the state of transition in Sweden revealed that substantial efforts to
transition from fossil to renewable fuel have been made in the public transport
sector, from 20 per cent renewable fuel in 2010 to over 90 per cent in 2020 in
procured bus services (Transport Analysis, 2024a). The literature review has also
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highlighted the many barriers to electrification (as noted in Chapter 3). I was curious
to understand why, in the presence of so many barriers and technological
uncertainties, and with most public transport services already operating on
renewable fuel, PTAs and PTOs in Sweden are transitioning to electric buses, from
which the scope of Paper I emerged.

The findings from Paper I highlighted how changes in the physical infrastructure
affected actor strategies, and this inspired the scope of Papers II and III, addressing
and delving deeper into the effects electric bus technology has on actors and
procurement practices (Paper II), and the role of actors (Paper III). Papers II and I1I
were developed in parallel. In both Papers II and 111, ideas and norms of the role of
the PTA as a technology-neutral procurer arose as a topic for further consideration,
which inspired the focus of Paper IV. Figure 6 shows the association between the
papers.

Developing the papers was an iterative process, informed both by findings in
previous papers, and the quickly changing empirical context. During the time these
studies were conducted, from 2020-2025, the number of electric buses in Swedish
public transport more than tripled, and the share of electric buses in urban public
transport increased from just over 10 per cent to over 35 per cent (Transport
Analysis, 2026). This called for a reflexive and dynamic approach to the design and
focus of the included papers — aiming both to study and follow the transition, and to
recognise emerging queries and research gaps, whilst also addressing the aim and
research questions of this thesis. Together, the papers address the research questions
and contribute to the overarching aim of the thesis, whilst the focus and scope of the
individual papers are different. In the following section, I describe in more detail
the scope and empirical material of the papers, with reflections on how these choices
influence the thesis as a whole.

- Data collection June - November 2021 .- ----ccounnn - “essssssiicccccceseoat o Data collection May - August 2025

Data collection March - May 2022

/9 Paper Il w

Paper | $ Paper IV

\> Paper lll J\

Figure 6 — Association of the papers included in the thesis

Flowchart showing the process of data collection for the four included papers, and the association between
the papers. Paper | informed the scope of Papers Il and lll, and these results informed the scope of Paper
IV. The dates for the separate rounds of data collection for the papers is indicated as a dotted line.
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5.2 Empirical Material

In this thesis and in Papers I-111, I use the term “case” to refer to instances of public
procurement of electric buses by a public authority. Each case includes interviews
with select interviewees and procurement documentation, and is to be regarded as
one example of the organisational form and procurement process that is in focus in
this thesis. This empirical material was gathered in three rounds between 2021 and
2025.

The first round commenced in June 2021, and the scope of this round was planned
in conjunction with the need to gather material for the research project e(+)bus. As
such, the material collected in Round 1 has also served as the base for reports and
analyses conducted for that project (see list of related publications). Round 1
includes six cases in Swedish cities. The case selection was based on two main
factors: (a) the stage of the transition, and (b) the size of the bus fleet. In addition, a
variance in geographical conditions, the way in which the transition had been
initiated, and actors involved (e.g. PTAs, PTOs, municipalities) were considered.

The three largest cities as cases were predetermined through the project. This was
motivated by the fact that these cities are located in the regions with the largest bus
fleets in Sweden, and procure services in large contracts regularly. Whilst the cities
were already decided upon, I selected which procurement or contract to include.
This resulted in: Stockholm (early stages of transition, transition initiated in existing
contract), Gothenburg (large electric bus fleet through procurement), and Malmo
(large electric bus fleet in a short-term contract). Jonkoping was selected as a
medium-sized city with heavy involvement of public actors in the transition process;
Pited was selected both to include a different geographical context and due to the
role of the municipality as procurer (as opposed to a PTA); and finally Ystad was
chosen for the small size of its bus fleet and the introduction of electric buses within
an existing contract by initiative of the PTO. This variance in case characteristics
allowed for a broad analysis and consideration of many different factors of
electrification, corresponding to the aim of Paper I.

As mentioned, some of the material in this thesis has also been analysed for other
purposes, namely within the research project e(+)bus, where reports, presentations,
and policy recommendations have been produced. The material and preliminary
results within that project have also been discussed, presented, and reviewed by
project participants. This has proved valuable input for understanding the status of
the transition as it progresses, and giving insights into the considerations of actors
and what practical benefits the research can contribute. As such, using the same
basis of material for both the project and the thesis has allowed me to use alternating
and diverse approaches to the analysis of the material. Parts of the material gathered
in Round 1 recur in three separate papers, and this has allowed for a deep and close
understanding of the material, what results can be extracted, and any limitations.
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The choice to also look at international cases was motivated by the focus being on
a particular organisational form; including cases outside of Sweden allows for a
closer look into which factors and results were country-specific, and which relate to
the organisational form under study. The understanding of the material from Round
1 led to the need to supplement with material from a second round, this time
broadening the scope to include international cases.

Round 2 was completed in collaboration with another research project. The case
selection for Round 2 relied heavily on the characteristics of the cases from Round
1. To complement the material from Round 1, the international cases in Round 2
needed to have the same organisational form as a selection of the Swedish cases,
and be in similar stages of transition. This narrowed case-selection down to the
European context, focusing on Norway and the Netherlands. Striving for further
similarities in organisation and transition, with consideration to the aims of Papers
II and I11, the selection was further narrowed down to cities and procurements where
both depot and opportunity charging via pantograph were implemented, meaning
that the material components of the cases were similar (Paper II), and that the role
of PTAs and PTOs could be studied (Paper III). This resulted in the inclusion of
three cases from Norway (one in Trondheim and two in Oslo) and one in the
Netherlands (Eindhoven). Table 2 details the contracts and procurements included
in each case.

Round 3 of data collection was solely for Paper IV, and included tender documents
from all public procurements of urban public transport services by bus in Sweden
between 2018 and 2024. Tender documents from four of the procurements included
in Round 1 were transferred to Round 3 (Pited, Jonkoping, Goteborg, and Malmo).

Table 3 details the dates, scope, and material for each round.

Table 2 — The scope and material of the three rounds of data collection.

This table shows what material was collected and when, divided into the three rounds of data collection.
The majority of the interviews were conducted in Round 1 during 2021, and complemented with
interviews and further tender documents in Round 2 in 2022. The final round only included tender
documents and was completed in 2025.

Round 1 Round 2 Round 3
June-November 2021 March-May 2022 May-August 2025

Sweden [Ystad, Pite3, Sweden [JOnkdping, Malmo, & | Sweden [All regions]
Scope Jonkdping, Malmo, Goteborg, | Goteborg]; Norway [Trondheim

& Stockholm] & Oslo]; the Netherlands

[Eindhoven]
Semi-structured interviews Semi-structured interviews [six | Procurement
. [23 interviews/27 interviews/nine interviewees] & | documentation for 48

Material | interviewees] & documentation for four procurements

documentation for six procurements

procurements
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5.2.1 Semi-structured Interviews

To address the aim of this thesis it was important to gather and understand the
actors’ perspectives on the transition to electric buses and to get insights into their
experiences of the procurement process and outcomes. Qualitative interviews place
the interviewee’s perspective at the forefront and are also a means to explore new
and emerging phenomena where other types of material are not yet available
(Brinkmann & Kvale, 2015), corresponding well to the considerations of transitions
research. Brinkmann (2020) describes qualitative interviews as ranging from
structured to unstructured. In the middle of this range, one finds the semi-structured
interview. Brinkman & Kvale (2015) define the qualitative, and specifically the
semi-structured, interview as “an interview with the purpose of obtaining
descriptions of the lifeworld of the interviewee in order to interpret the meaning of
the described phenomena’ (p. 60).

The purpose of the qualitative interview is to produce knowledge. Semi-structured
interviews have higher knowledge-producing potential compared to structured
interviews (Brinkmann, 2020), allowing the researcher to choose an angle and ask
follow-up questions depending on what emerges as important during the course of
the interview, and the opportunity to focus the dialogue on the issues important for
the research (Harvey-Jordan & Long, 2001). Further, Brinkmann (2020) claims that
semi-structured interviews also allow the researcher to be a knowledge-producing
participant in the interview process, rather than an outsider extracting information
from an interviewee. The role of the researcher in semi-structured interviews and
the perception of the interview as a knowledge-producing process set criteria for the
reflexivity and transparency of the researcher, which is why, in the remainder of this
section, | describe the interview process and how I approached it practically.

At the time of conducting these studies, the cases presented in Table 3 were all at
early but different stages of the transition, and the interviewees therefore had
varying experiences of the transition. It was important both to capture this variation
and to acknowledge it; therefore, the interview guide was tailored to the specific
case and each interviewee, whilst maintaining the core structure and common
themes to enable comparison and analysis of the material in a consistent manner.

The main topics of the interview were decided after a review of previous research
and literature on the transition to electric buses, and before the process of
interviewing started. The interviews served dual research purposes. The primary
purpose was to gather empirical material for this thesis, while the second was to
obtain input and material for the research project e(+)bus. Therefore, the interview
guide was designed to cover both topics relevant to the project deliveries as well as
the thesis. This influenced the design of the interview guide, which was divided into
the following thematic sections: (a) Background and decision-making processes; (b)
Procurement, contracts, and collaboration; (¢) Experiences from operations; and (d)
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Electrification, the transport system, and the city. Paper I primarily used material
from sections (a), (b) and (c), and Papers II and III from sections (b), (c) and (d).

Finding and selecting interviewees was an iterative process based on desk-top
research and through referrals from interviewees themselves. The number of
interviews was not determined beforehand; the interview process concluded when a
degree of saturation had been reached. All interviews were conducted through
videoconferencing via Teams or Zoom as there was limited opportunity to perform
in-person interviews due to the COVID-19 pandemic and for geographical reasons.
All interviews were recorded and transcribed verbatim.

PTAs were interviewed for all cases, and PTOs for most cases. Municipalities and
electricity grid owners or energy companies were interviewed for the Swedish cases
where these actors had been involved in the studied procurement. After each
interview, a memorandum was written detailing key takeaways. This was shared
with co-authors and the interviewee(s) directly after the interview. Interviewees
were also offered the opportunity to view the transcripts if any business-sensitive
information was discussed, for example, upcoming procurement strategies or details
about costs, to ensure that these were not shared as results or with other
interviewees.

Table 4 shows an overview of the number of interviews per organisation, and in
which paper the material was included. For more details on the material used in each
study, please refer to the individual papers.

Table 4 — Overview of interviews.

Table showing which organisation the actors interviewed represented, which cases these were
applicable to and the number of interviews and interviewees per organisation. For all cases, the PTA was
interviewed, and for the cases from SE and NO the PTOs were interviewed. In the SE cases, the
municipalities and grid owners were also interviewed.

Case Number of interviews
Organisation (interviewees)
Public Transport Ystad, Pitea, Jonkoping, Stockholm, 10 (12)
Authority Goteborg, Malmd, Trondheim, Oslo,
Eindhoven
Public Transport Ystad, Pitea, Jonkdping, Stockholm, 9(12)
Operator Goteborg, Malmé, Trondheim, Oslo
Municipality Ystad, Pitea, Jonkoping, Géteborg, Malmo 6 (6)
Electricity grid Ystad, Jonk&ping, Malmo, Goteborg 4 (4)
owner/Energy company
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5.2.2 Documents and Document Analysis

Procurement documents: tenders, contracts and other documentation play important
roles in this thesis. The documents provided both data and a deeper understanding
of the context and processes under study, serving both as empirical material and as
a means to interpret empirical findings and uncover insights during the research
process (Bowen, 2009).

Prior (2008) presents a typology of how documents can be used in research, making
a distinction between two approaches to their analysis: the approach to documents
as a resource and the approach to documents as a topic. Within these two
approaches, focus can be on the content or the use and function of the document. In
this thesis, documents are positioned as resources with a focus on both content and
the use and function of documents, and how these are “used as a resource by actors
for purposeful ends” (Prior, 2008, p. 825). This positioning of documents mirrors
the theoretical approach to procurement as a structure that influences strategic
actions.

Procurement documents were used in two ways in this thesis: as a complement to
interviews in Paper Il and as the only empirical material in Paper IV. In Paper Il the
focus was primarily on the contents of procurement documents, both supplementing
and validating material from interviews as a means of triangulation (Bowen, 2009).
For Paper II, tender documents from seven international cases were collated,
compared, and analysed using qualitative content analysis. The use of documents
from both Swedish and international cases broadens the empirical material and
scope, from a Swedish perspective to a more overall perspective on the
organisational form, and provides the opportunity for generalisability and insights
into the procurement process dynamics across geographical contexts.

In Paper IV the focus was primarily on the use and function of the documents. In
this study documents served as stand-alone material. The selected documents cover
all procurements of urban bus services in Sweden in the studied time frame,
complementing the other papers by providing depth and a thorough understanding
of the studied context, as well as offering insights into temporal transition dynamics.

These two approaches to the study and positioning of documents and the variety of
the included material serve the purpose of this thesis well. Using document analysis
as both a complement to other material (Paper II) and as a stand-alone method
(Paper IV) provides both breadth and depth to the aggregated results and serves as
a means to increase the validity and generalisability, which is described in more
detail in Section 5.4.

61



5.3 Methods of Analyses

Earl Rinehart (2021) writes that analysis is the “active and interpretive process
researchers undertake with research evidence during a study” (p. 304); where and
when this analytical process begins may depend on when the researchers consider
the study to start. I consider the process of gathering empirical material, as described
in the previous section, the process of familiarising myself with the material, and
outlining the scopes of the included papers and this thesis as important parts of the
analytical process. As some of the material is also included in several papers, the
thesis’ overall analytical process and the separate papers’ analytical processes are
closely linked.

For the thesis in general, I employed an abductive analytical approach due to the
dynamic research context. An abductive approach allows for an emergent research
design, meaning that I could respond to developments and empirical insights along
the way during the research process (van Hulst & Visser, 2024). This meant that the
analytical process was iterative rather than linear, and involved a back-and-forth
approach between the empirical context and material, analysis, theoretical
engagement, and reporting of results. Through these cycles, and by repeatedly
applying different analytical frameworks and procedures, I advanced my insights
and understanding progressively, the material was revisited and assumptions
challenged, and interpretations of results were refined. Revisiting the phenomenon
under study allows for reflection and understanding of changes to the relevance of
certain occurrences or concepts over time (Timmermans & Tavory, 2012). This
allowed me to adjust the subject and scope of the included studies.

The abductive approach further fosters theoretical sensitivity (Earl Rinehart, 2021).
With each iteration and return to the material and “double-fitting” between the
material and theory (Timmermans & Tavory, 2012), preliminary interpretations
were tested against theory, and in turn, guided how I engaged with the material in
subsequent studies. Iterations and going back and forth between material and theory
are also necessary with regard to the analytical procedures and conceptual
frameworks selected for the individual studies. For qualitative content analysis
(Paper II) and thematic analysis (Paper I1I), this means movement between specific
units of meaning and the material as a whole (Vaismoradi et al., 2013, 2016).

The specifics of the analytical process for each included study are found in the
methods sections in the appended Papers I-1V.
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5.4 Validity and Reliability

The principle of credibility refers to the robustness of the findings and that the
sources of knowledge are dependable (Belcher & Claus, 2025). In other words, the
data collection, methods, analysis, and results meet criteria for validity and
reliability. Credibility is sometimes regarded as the possibility of another researcher
replicating a study; however, Brinkmann & Kvale (2015) write that this is not
feasible for a qualitative study, and especially for studies based on interviews and
documents. As such, credibility in such instances involves describing the process of
data collection clearly, defining the role of the researcher in the data collection, and
the chain of evidence connecting the material to the research claims is clear.

Reliability involves assuring the accuracy and inclusiveness of the material
(Perékyld, 2021). Thorough case descriptions in the included papers, together with
accounts of how and when the material has been gathered, improve reliability, as do
extensive background sections, both in the Papers and the cover essay, as this
provides explanations for the scope of the material and the chosen data collection
methods. Validity is also constructed through thorough case descriptions in the
papers, creating a chain of evidence and transparency about the origin of the claims
made. Through a description of the analytical process and conceptual framework
and how I have arrived at the scope of each paper also increases the validity.

Validity is further ensured by the use of multiple sources of material (Yin, 2014),
both in the separate papers and for this thesis as a type of triangulation. Interviews
with actors in various roles within and across organisations in the cases contribute
to this. Different perspectives on the same topic or theme from different actors, both
in other organisations and within the same organisation, mean that [ have been able
to create an overall picture of how the transition to electric buses has unfolded,
informed by multiple perspectives and sources of material. This is especially
relevant for Papers I-I1I, where the use of both interviews and documents validates
the findings in the respective material and ensures that the interpretations made are
reasonable. I have strived to use different sub-sets of the interviews in the different
papers, and all papers include different combinations of the material. Using a
different set of materials for Paper IV further strengthens the validity of the thesis
findings.

The way in which results are presented is also an important way to improve
credibility. I have aimed to create a connection between the analytic claims and the
material by presenting the findings in Papers I-1II with quotes from the interviews
(Nylén, 2005). Further, the use of quotes also creates a distinction between the voice
of the interviewees and the material, and my voice as a researcher, making the
boundaries between interpretations and the material clear (Douglas, 2017). This
strengthens the credibility of the analytical claims by constructing a chain of
evidence and a description of the research process (Perdkyla, 2021).
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The role of the researcher in qualitative studies is also important to reflect upon in
the context of research credibility. Through addressing my approach to the research
and my perspective on the methods and materials in the sections above, I have
strived for a clear and transparent approach to my role in the studies.

Finally, generalisability and limitations should be addressed. This thesis is primarily
based on Swedish cases, complemented by a small number of cases from Norway
and the Netherlands. These contexts may share institutional characteristics such as
strong public transport authorities and competitive tendering regimes, which may
limit the generalisability of the findings to settings with different organisational
forms. I have included distinct descriptions of the studied contexts and the selection
and criteria of cases and interviewees to clearly demarcate the boundaries of this
context, aiding in addressing the limitations (Graneheim & Lundman, 2004; Nowell
etal., 2017).

Further, the material was gathered from 2021 to 2025, a time period during which
both technology and regulatory frameworks were evolving, meaning that findings
should be interpreted as situated in the early-to-mid stage of the transition to electric
buses. New regulations regarding vehicles and batteries came into play, and
government subsidies, such as the electric bus subsidy (“elbusspremien”) and urban
environment agreement (“stadsmiljoavtal”), were redesigned or removed.
Furthermore, external factors, such as the COVID-19 pandemic, affected patronage
and revenues, electricity prices soared, and political priorities affected supply
chains. These changing factors make it important to situate the findings in their
temporal context and acknowledge how this evolving empirical setting also required
flexibility and continuous reflection on case selection and analysis.

64



6 Summary of Papers

6.1 Paper I — Rationales for Transitioning to Electric
Buses in Swedish Public Transport

The point of departure for Paper I was to bridge the gap between previous research
on electric buses, where barriers and difficulties in adoption have been highlighted,
and observations from real-world developments both globally and in Sweden, where
the transition had been initiated and progressing at a relatively fast pace (compare
Chapter 2.1 and Chapter 3.1). This dissonance between what was highlighted in the
research and what is observable in practice raised the question as to why, in the
presence of so many barriers (according to research), actors in Sweden are pursuing
this transition at this stage. This question was compounded by the fact that over 95
per cent of bus services in Sweden were already fossil-free, bringing to light the
often-stated environmental motivations to transitions: Swedish public transport has
already seen major investments in achieving fossil-free services.

We delved into this question by aiming to disentangle actors’ rationales for
transitioning to electric buses through a transitions perspective, based on a
conceptual framework by Bakker (2014) in which rationales can be understood as
interests and expectations on a technology or transition.

We found that the transition is occurring rapidly and outpaces initial expectations,
and that the shift is not solely driven by environmental benefits, but also by strategic
positioning by actors, by technological developments and maturity, and institutional
dynamics. Disentangling interests and expectations into long-term and short-term
interests, and collective and individual expectations, this study highlighted how
actors’ engagement with the emerging electric bus system is based on their
expectations of future developments as well as their interests in shaping this system
to align it with their goals and objectives. As such, actors’ actions are not only a
reaction to technological change, but are strategically targeted to influence the
configuration of the emerging system.

We found consensus among actors regarding the desirability of electrification,
which is somewhat in contrast to previous transitions (e.g. to biogas), which were
more contentious. This consensus is largely built on shared expectations rather than
established and realised outcomes. For example, there were expectations that
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electric buses would be more cost-effective and environmentally beneficial, even
though empirical data on their performance were still limited.

An important result was that actors seek to access both material (e.g. infrastructure)
and immaterial assets (e.g. competence and experience) in order to influence the
transition and align the emerging systems design with their individual interests. This
highlights how the institutional context, i.e. procurement structures, plays a critical
role in shaping the action space available to each actor, and their opportunity to act
on these interests.

In sum, the transition to electric buses in Sweden is shaped by a complex interplay
of interests, expectations, and institutional structures. Public procurement was not
the focus, but this study brings it to the forefront as the arena for the transition. The
results emphasise the concept of procurement as not only a tool through which the
transition takes place, but also as the context and structure that shape expectations
on possible actions and actors’ roles. Whilst actors share expectations on
electrification, their strategies and actions differ based on their roles, resources, and
perceived opportunities within the structure. These results were taken further into
Papers II and I1I, where we further analysed institutional aspects of this transition
(Paper II) and actor roles (Paper I1I).

6.2 Paper II — Institutional Perspectives on Public
Procurement in the Electric Bus Transition

Building on the results from Paper I, Paper II delved deeper into institutional
dynamics and regulative, normative, and cognitive frameworks. We explored the
mutual shaping of public procurement and the transition to electric buses in
European transport systems, focusing on seven cases from Sweden, Norway, and
the Netherlands. Employing a sustainability transitions perspective, we analysed
how regulative, normative, and cognitive frameworks influence procurement
strategies. Specifically, we looked at the division of ownership and technical
requirements in tenders, and how these influence and are influenced by
electrification.

Regulative frameworks (legislation, regulations, policies) set the agenda for
procurement and define and formalise the role of PTAs. They enforce principles
such as fair competition and technology neutrality in procurement, reflected in the
use of technical requirements. Normative frameworks (social norms, values, and
roles) shape perceptions of which actors should make which technical decisions,
and which actors should own infrastructure. The introduction of charging
infrastructure and technology has changed existing norms, and we found tendencies
to increased public ownership of depots and charging infrastructure. This division
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of ownership is motivated by strategic planning needs, cost efficiency and the
longevity of such infrastructure, and may alter normative role expectations and
responsibilities of actors.

Cognitive frameworks (visions, expectations, mental paradigms) guide actors’
strategic decision-making and shape procurement logics. We found that the
transition to electric buses is perceived as inevitable, which, on the one hand, creates
a consensus on the general directionality. On the other hand, these expectations on
future directions and technological developments influence expectations of actors’
competencies and responsibilities in the future system. This can, for instance, be
reflected in the use of technical requirements and PTAs deferring technical
decisions to operators based on the assumption that they should have better
knowledge about the market. However, we found that across actor groups,
competence is evolving as all gain experience and technical know-how, which
suggests a reconfiguration of cognitive frameworks.

This study underscores that public procurement, and the strategies used in
procurement with regard to ownership and technical requirements, are not only
policy instruments but structural forces that influence the emerging system and the
actors in it. The dynamic influence between procurement and electrification shows
that these strategies both reflect and drive institutional change. This is visible
through the adaptations to technical requirements to better reflect the characteristics
of new technology, how ownership of infrastructure is organised, and shifting
normative role expectations.

To summarise, electrification is causing a reconfiguration of institutional
frameworks guiding the procurement of public transport, whilst these frameworks
also provide a logic and directionality for the transition. We found that normative
and cognitive frameworks are being renegotiated, in particular concerning actor
roles and responsibilities. Of particular interest is the role of the PTA, whose dual
assignment as long-term planner and procurer of public transport can be a source of
tension in the transition to electric buses, which is further unpacked in Paper III.
Also, the analysis of technological requirements and the expectations regarding
which actor should make which technological choices brings forth the principle or
ideal of “technology neutrality”, which inspired the focus of Paper IV.
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6.3 Paper III — Navigating Electrification in Public
Transport: The Role of Public Transport Authorities

Paper III draws on the findings in Papers I and II and places focus on the PTA and
their (evolving) role with electrification. In this study, I drew on a conceptual
framework by Wittmayer et al. (2017), where role change during a transition is
conceptualised as qualitative (re-interpretations or changes in the prominence of
activities or attitudes) and quantitative (new, changed, or removed responsibilities
or activities) changes to the activities and duties of an actor. I found that the
introduction of new technological artefacts alters actors’ roles and also challenges
procurement strategies.

The study distinguished three key parts of the role of the PTA that undergo change:
the role of the PTA as a technology-neutral procurer, the role of the PTA as a long-
term planner, and the role of reacting to the transition. Each of these is associated
with certain activities or attitudes that have changed due to the transition to electric
buses.

First, as the technology-neutral procurer, I found that there is a lack of consensus
among actors on what constitutes a technological choice in the electric bus system,
and thereby a lack of understanding of what technology neutrality is in this system.
As such, the perception of which actions or strategies are perceived as technology-
neutral is up for negotiation and interpretation. Procurement strategies can be
framed as either technological choices or strategic choices, in particular concerning
new technological artefacts. This is closely tied to the activity of ensuring just
competitive conditions, which is also altered during the transition due to the
introduction of new infrastructure and its ownership.

Second, ownership also changes the role of the PTA as long-term strategic planner,
as altered ownership models and increased public ownership influence their
assignment. The division of ownership further adds to the duties of the PTA, as they
establish interfaces between actors and their responsibilities and therefore also
determine the role of other actors in the emerging system.

Third, the PTA’s role is also one of reaction to and guidance of the transition.
Valuation and prioritisation of new questions indicate attitudinal changes. I found
that re-interpretation and increased prominence of certain aspects of the public
transport system, such as social sustainability of battery production and sourcing,
are indicative of attitudinal changes. In addition, the pace of the transition requires
(re)action from the PTA. Electrification is increasingly seen as the norm, which calls
for the PTA to ensure that the transition is aligned with societal goals, compared to
early stages, where they needed to ensure that the transition was initiated.

The findings outlined above show changes to both activities and attitudes associated
with the role of the PTAs, and indicate both qualitative and quantitative role change.

68



New responsibilities and activities are associated with the role of the PTA, which is
conceptualised as a quantitative role change. Reinterpretations of some activities,
such as technology neutrality, and the prominence of activities or attitudes towards
them, such as ensuring the sustainability of batteries, also indicate qualitative role
change. With the role of the PTA changing in the transition, it follows that other
actors’ roles in the system also change, and further implies changes and
reconfiguration of the structure.

Papers II and III were worked on in parallel, and the results of both direct attention
to technology neutrality and technological choices, which informed the design of
Paper IV.

6.4 Paper IV — When Principles Meet Practice:
Dynamics of Technology Neutrality in Electric Bus
Adoption

Paper IV explored the dynamics of technology neutrality in the electric bus
transition and built on the results from Papers II and III. Drawing on a framework
of technology hierarchies (Schmidt et al., 2016), we analysed all procurements of
urban bus services in Sweden from 2018 to 2024 with regard to how requirements
for zero-emission services and vehicle and driveline technology are designed, as
well as how technologies such as chargers, depot set-up, and batteries are procured.
The results illustrated how regional public transport authorities balance
sustainability targets of implementing zero-emission vehicle fleets with the idea of
adopting a technology-neutral approach in public procurement.

We found that the definitions used and technical requirements set stabilised zero-
emission buses as the sectoral standard. Procurements early in the studied time
frame allowed for a mix of technologies; however, as the transition progressed,
requirements for fully zero-emission fleets became common, and the terminology
shifted from a flexible “emission-free” definition to legally anchored definitions of
a “zero-emission bus” in industry procurement templates, moving specificity
downwards in the technology hierarchy. This showed that whilst requirements on
higher technology hierarchy levels were open to several different technologies,
requirements on lower hierarchy levels increasingly specified a particular
technology.

Increasing specificity in vehicle and driveline requirements enforced the trend.
Increased use of takeover clauses for buses and chargers extends the influence of a
single procurement as technological decisions made in one procurement cycle shape
the feasible and rational choices in subsequent ones. We also found that battery-
electric depot-charged buses emerged as the preferred technology across the regions
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and the studied time period. These two developments together meant that available
technological choices became narrower, even if requirements on higher hierarchy
levels are technology-neutral.

As the transition progresses, new questions and priorities emerge, and with a full-
scale introduction of electric buses, the social and environmental sustainability of
batteries has gained prominence. This is reflected in more specific requirements on
the composition, traceability, and social sustainability for batteries. These
considerations introduced additional selectivity, which, in practice, meant that
certain suppliers or technologies were excluded.

The findings illustrate how technology neutrality in public procurement is not static,
but evolves over time and across levels of technology hierarchies. While neutrality
was maintained on higher hierarchy levels, requirements became specific on lower
levels as the transition progressed. Striking a balance between multiple
sustainability objectives and principles of neutrality or specificity in a transition is
important; this study showed how this is negotiated in practice.
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7 The Dynamics Between The
Transition to Electric Buses and
Public Procurement

This chapter synthesises findings from the four papers and illustrates the mutual
shaping between public procurement and the transition to electric buses. The
findings show that procurement is not only a mechanism for implementation, but
also enforces certain principles and norms, and frames expectations on technology
and on actors, influencing how electric bus technology is managed and interacted
with. In turn, the characteristics of this technology challenge some of these norms
and principles, causing redefinition, reprioritisation, and renegotiations of
institutional frameworks and actor roles, responsibilities, and strategies.

The following points are made: (a) procurement norms regarding ownership and
expectations of the functions of the future system influence how ownership of
electric bus technology is managed; (b) ownership and technological choices are
also shaped by procurement principles, most notably principles of fair competition
and technology neutrality, but also the public value orientation of public
procurement; (c) in turn, the introduction of electric bus technology requires
changes to actors’ roles and responsibilities, and these changes to roles further
challenge established procurement principles, calling for reprioritisation in
procurement; and (d) the introduction of electric bus technology has triggered
changes to procurement practices, with both increased technological and
environmental specificity and a broader scope that now includes the externalities of
electrification and addresses social sustainability aspects in more detail.

The following sections describe these dynamics and the connection to the included
papers (referenced with I, II, 111, and I'V).
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7.1 Ownership of Depots, Chargers, and Buses Reflects
Established Norms and Future Expectations

Electrification of urban bus services means that electric buses are introduced in
tandem with the establishment of charging infrastructure, building of new or
retrofitting of existing depots, establishment of grid connections, and ensuring
enough capacity both in terms of effect and spatially. New physical elements need
to be managed in procurement. Some of these bear no similarity to the previous
technology, for example, chargers and batteries, and some are similar, but with new
characteristics, such as buses and depots.

o Ownership of buses and depots is based on norms and established
practices, but is up for renegotiation

In the studied context, buses are traditionally owned by PTOs, as is also the case for
electric buses. However, given that electric buses have other characteristics than
combustion engine buses, this division may not be the optimal way to manage bus
ownership as electric buses have an (expected) longer technical lifetime compared
to combustion engine buses (I) and also a longer than the contractual period (II and
V).

A longer technical lifetime of buses could motivate a shift towards public
ownership, and in turn use leasing agreements during the contractual period.
However, the daily handling of vehicles, PTOs’ market competence, and operational
experience, motivate continued operator ownership of buses (I and II). The
increased use of takeover agreements, where buses are sold back to the PTA, or
directly to the new PTO at the end of a contractual period (IV), is a strategy to
negotiate this; still following the traditional ownership structure, but with new
additions to procurement to ensure longevity and cost efficiency of investments.

For depots, the results indicate tendencies towards increased public ownership due
to electrification (1L, 111, and IV), due to the longevity of investments, establishing a
grid connection, the need for strategic localisation of depots, fair competition, long-
term strategies, and harmonising with urban planning. The results show that where
depots are already owned by public actors, these continue to be so and are retrofitted
to accommodate charging infrastructure and increased capacity, with grid
connections and installations being prepared prior to procurement. Where new
depots are built, these are also publicly owned and leased to operators to safeguard
strategic location and capacity. Further, where depots have previously been
privately owned by operators, the findings show that PTAs are taking action towards
public ownership of depots in the future (II and III). This tendency towards public
ownership of depots may not solely be due to electrification, but the transition to
electric buses may accelerate and amplify the trend due to the investments and long-
term strategic actions necessary to adapt depots for electrification. These
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arrangements may, on the one hand, reduce uncertainties about the desired
trajectory; on the other hand, this reinforces standardisation and limits flexibility for
future technologies (IV).

e  Expectations inform ownership of new electric bus technology

How new elements are managed is largely based on expectations of the new
technology and expectations of actors’ roles in the future system (I and III).
Chargers are new technological artefacts in the system, and the way that these are
chosen and which actor owns them is based on expectations of the future system
and of actors’ future capabilities (I and II), as well as normative frameworks such
as traditional divisions of ownership and responsibilities (III). These expectations
are thus most influential at the initial stage of this transition, because once procured
and the charging strategy established, the infrastructure will be in place and actors
will gain experience with a particular set-up. These experiences will inform
ownership models and technology choices in upcoming procurements, and either
reinforce the division of ownership and technological choices, or experiences and
technological developments will call for new arrangements (IV).

Ownership of electric bus technology, be it chargers or buses, is therefore influenced
both by normative frameworks and expectations that influence the transition to
electric buses. Public ownership and takeover clauses cement technological choices
across contract cycles, reinforcing established configurations, and may reduce
future flexibility. Further, ownership becomes a strategic lever for actors, as it
influences both long-term interests and competition in procurement.

7.2 Principles of Competition, Neutrality, and Public
Value Frame Technological Choices for
Electrification

The results show that technological choices in the transition to electric bus
technology are shaped by norms, principles, and ideals of public procurement
deriving from the organisation of public transport. Two principles have been
especially formative in the studied contexts: fair competition and technology
neutrality. Both aim to ensure openness to innovations and market efficiency, yet
the results show that they are interpreted and acted upon differently with
electrification and the introduction of new technologies.

e The principle of fair competition motivates public ownership

The principle of fair competition influences ownership, as discussed in the previous
sections, and also who is expected and capable of making technological choices.
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Established procurement practices aim to avoid giving certain operators competitive
advantages in procurement, and electrification and new infrastructure have thus
motivated increased public ownership (II). The rationale for this is that future
tenders compete on a level playing field, rather than operators in possession of
crucial elements gaining competitive privileges. Such strategies may improve
competition and support operational continuity, but may also narrow down future
technological choices (IV).

o Technology neutrality is renegotiated due to the introduction of electric
bus technology

Technology neutrality is a second principle that has influenced the introduction of
electric bus technology. The use of both “neutral” and specific requirements in
procurements, for instance, requiring zero-emission services but specifying that they
should be slow-charged overnight at depots, illustrates how PTAs reconcile the
principle of technology neutrality with the need for system integration (IV). Whilst
technology neutrality is considered a guiding principle in the transition (III), the
results show that it is negotiated and redefined as the transition progresses and the
systems become more established.

Technology neutrality also reframes decisions on technological choices. Choices on
charging strategy and technology are understood as strategic planning decisions,
rather than technology-specific approaches (III). This positions choices on what
electric bus technology to implement, requiring coordination of costs, urban space
constraints, grid readiness, and system integration, not as technological preferences
in procurement but rather as planning instruments (IV).

o  Public-value orientation frames appropriate technological choices

The public value orientation of public procurement also emerges as a procurement
principle that has influenced the introduction of electric bus technology, and
legitimises what is considered “appropriate” technology. The results show that
while procurement initially focused on narrower environmental sustainability
criteria, such as tailpipe emissions, tenders have evolved to also address social
sustainability and externalities of electrification (IV). These developments reflect
evolving regulative and normative expectations and what the procurement of
electric buses ought to include. Procurers not only need to ensure technological
feasibility but also to work towards system-wide sustainability and ensure that
societal goals and good are addressed.

Therefore, the principles of fair competition, technology neutrality, and public value
not only influence the introduction of electric bus technology, but also define who
owns what, who makes technological choices, and which externalities are
internalised in procurement. In sum, these principles create the conditions under
which certain technologies become practically implementable and legitimate.
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7.3 Electrification Entails Shifting Responsibilities and
Strategies

Procurement defines the interfaces between actors, and electrification redistributes
and adds responsibilities for actors. Decisions on charging strategy and depot
ownership determine which actor assumes strategic or operational duties, and the
interfaces between actors are dynamic and renegotiated as the transition progresses
(Il and IV).

e New actors and technologies involve altered responsibilities for
established actors in the electric bus system

Electrification introduces new actors into the public transport system. This calls for
new and altered roles, division of responsibilities, and changes to relationships
between both new and established actors in the system (I and II). New actors
introduce new dependencies and coordination needs, expanding the organisational
and contractual landscape. For example, for the establishment of chargers in the
urban environment, planning permits and processes with municipalities need to be
engaged with, grid connections secured with energy companies, and additional
procurement of chargers and installations from manufacturers need to be made.
These duties may be divided between PTAs and PTOs, or the sole responsibility of
one. For instance, when PTAs specify depot charging and assume ownership of
depots, PTOs’ responsibilities shift toward operational integration rather than
planning and establishing depots and charging infrastructure. These evolving
interfaces illustrate how procurement mediates power relations and role negotiations
within the emerging electric bus system.

Focus on the PTA shows that their role is particularly affected by electrification,
with new additional responsibilities and expectations on them (III). They take on
new responsibilities such as managing infrastructure ownership, coordinating grid
connections (II), and ensuring compliance with sustainability requirements for
battery supply chains (IV). New technology also entails that normative principles
such as technology neutrality are reinterpreted, and decisions on charging strategies
are framed as strategic choices necessary for cost efficiency and urban planning,
rather than technological choices. This means that actions and strategies pursued by
PTAs are reinterpreted, and illustrate the dynamics of roles and the PTA as both
facilitators of change and keepers of a certain order, balancing the need for fair
competition with long-term infrastructure planning.

e Actors seek new resources to align the transition with their interests

These changes bring to light actors’ capacities and resources (economic, time,
competence, infrastructure), and how these are deployed to influence the transition,
but also how these need to develop for actors to be able to deploy them in the new
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configuration. Public and private actors alike seek to gain assets, both material and
immaterial, to have resources to align the direction of the transitions with their
interests and goals (I and III). Physical assets can constitute a competitive advantage
for PTOs, thus meaning that the playing field in competitive tendering is skewed.
Physical assets owned by public actors mean that these aspects of the electric bus
system are not subject to competition, which could adversely affect the cost and
efficiency of the resulting services and system.

In addition to physical assets, immaterial resources, such as experience, market
knowledge, and technical know-how, are important for actors to acquire in order to
be able to design, procure, and evaluate tenders (PTAs), and submit bids and operate
attractive and profitable public transport (PTOs) (II and III). As such, it is in an
actor’s interest for all actors to gain such experience and knowledge, as this, in
theory, would mean competent procurers and reliable bidders. However, strategic
actions are also based on the expectations of the future electric bus system and on
how technologies will develop (I). This, in turn, fosters expectations on the role of
one’s own and other actors’ responsibilities in this emerging system (I, III).

In sum, actors seek resources to influence the configuration of the emerging system.
This strategic positioning underscores the interplay between expectations and
materiality, as actors act not merely in response to technological change but to shape
the trajectory.

7.4 Electrification Both Broadens the Scope of
Procurement and Narrows Technological Choices

Electrification requires not only the procurement of services. Tenders include
requirements for charging infrastructure, battery sustainability, and grid integration.
This shift introduces new contractual interfaces and risk and responsibility
allocation, requiring alterations to procurement practices to manage these new
parameters. At the same time, the electric bus system is expected to fit or be
integrated into the already existing system. Routes, infrastructure, and other system
requirements are, as such, already in place as the result of previous procurements (I
and II). The transition to electric buses thus entails fitting into the existing system,
whilst also defining and achieving the new system (III and IV).

This is reflected in the use of technical requirements (II and I'V), how institutional
frameworks inform the way the new system is procured (II), and what is considered
to be part of this new system (IV). What was once a process focused mainly on
contracting bus services now encompasses the procurement of complex systems,
including vehicles, chargers, batteries, and grid connections. Requirements have
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become increasingly detailed, extending beyond technical and environmental
performance to address lifecycle and social sustainability (IV).

e Electrification necessitates more specificity in procurement to safeguard
operations and ensure the sustainability of the system

In the procurement of electric bus services, consideration must be given to the
existing system. Electric buses are expected to fit into the existing system in terms
of routes, frequency, patronage, and sometimes timetabling. These requirements
create the conditions for the planning of electric bus services and narrow down the
possible technologies. For example, opportunity charging may be difficult to
establish on a route where there are limitations to where chargers can be established
(IT). At the same time, electrification narrows down technological choices once the
system becomes established. Once a particular charging strategy or depot
configuration is implemented, subsequent procurement must align with these
“legacy” decisions to ensure operational continuity and cost efficiency.
Procurements later in the transition to electric buses, therefore, adopt more specific
requirements to fit the existing system (IV).

The results also point to increasingly specific and strict requirements for batteries;
requirements for sustainable sourcing of raw materials, exclusion of certain
materials, tracking the supply chain, and also the reuse and recycling of batteries
(IV). These developments illustrate how new technology both brings new questions
to light and triggers reinterpretation or reprioritisation of existing questions,
generating changes to normative frameworks (I and III), and how procurement
practices evolve as regulative frameworks change. While the use of functional,
technology-neutral requirements has been advocated for (I1), the findings indicate
that specificity is necessary to ensure that (a) the electric bus system matches the
operational characteristics of the established system, and (b) that the implementation
is sustainable and scalable.

o  Electrification involves new considerations and prioritisations that
broaden the scope of procurement

Whilst requirements on the electric bus system are becoming more specific,
electrification also broadens the scope of what public procurement of bus services
ought to address and secure. As electrification introduces new electric bus
technology into the procurement process, this shift extends the system boundaries
beyond vehicles and operations to also include infrastructure and upstream supply
chains. Whilst at first, reflections were mostly on the importance of addressing this
in the transition (II) these considerations are now also implemented in procurement
practices (IV). Tenders increasingly address lifecycle impacts and social
sustainability of electrification, such as sourcing of critical materials, working
conditions in the supply chain, and end-of-life management. Procurement of electric
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buses is not only about ensuring attractive and efficient public transport services,
but also about safeguarding wider societal and environmental objectives.

These results show that procurement practices and institutional frameworks
themselves undergo significant transformation during the transition to electric
buses. Electrification both broadens the scope of the procurement, extending the
systems boundaries, but, as the transition progresses, also narrows down the
technological possibilities as the electric bus system is established.

7.5 Synthesis

Public procurement of bus services and electrification have mutually shaped each
other in the transition to electric buses in the studied context. The design of tenders
and associated requirements sets the conditions and signals directionality for how
and which electric bus technology is adopted. The findings show that ownership and
the use of technical requirements as procurement mechanisms, and norms and
established ways of working with these, influence the introduction of electric bus
technology. Expectations on the developing electric bus technology also influence
how these instruments are used by actors in a procurement process.

In addition, normative principles, especially the notion of technology neutrality and
the ideal of fair competition in procurement, further influence the transition and the
introduction of electric bus technology in the public transport system, changing
technical configurations and redefining the roles and responsibilities of actors in the
public transport system. Procurement is a key arena where these changes are
manifested, as decisions on ownership, charging strategies, and infrastructure shape
the interfaces between actors and redistribute responsibilities. These interfaces and
roles are not static but evolve and are negotiated and adjusted as the transition
progresses, reflecting changes to both norms and strategic considerations.
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8 Concluding Discussion

This chapter situates the findings within the theoretical framework of
sustainability transitions and the conceptualisation of public procurement as a
dynamic structure composed of actors, materiality, and institutions. Through
this, I aim to highlight how the transition to electric buses is not just about
technological substitution but entails a reconfiguration of established
structures. Section 8.1 revisits the research questions and answers them, and
Section 8.2 connects key empirical insights to the theoretical framework,
claborating on the roles of materiality, and regulative and normative
frameworks in shaping transition dynamics. Section 8.3 presents the
contributions of the thesis and practical recommendations, and Section 8.4
outlines avenues for future research emerging from this work.

8.1 Answering the Research Questions

The findings answer the thesis research questions. First, the findings
demonstrate that procurement influences the adoption of electric bus
technology not only through requirements and ownership strategies, but also
by signalling directionality and embedding expectations about the design of
the future system and division of responsibilities (RQI1). Second, the
introduction of electric bus technology reconfigures actor roles and
responsibilities, particularly for Public Transport Authorities (PTAs), whose
assignment expands and where normative principles, such as technology
neutrality, are reinterpreted (RQ2). Third, procurement instruments and
practices have themselves evolved during the transition, moving from
procurement focused on services and their quality to procuring a system that
incorporates increasingly specific technological and sustainability
requirements (RQ3).

To summarise, the findings and answers to the research questions show that
procurement of public transport is not a static context, but a dynamic structure
undergoing reconfiguration during the transition to electric buses in public
transport, which addresses the aim of this thesis. Materiality (new electric bus
technology), actors (role changes and strategic behaviour), and institutions
(regulative, normative, and cognitive frameworks) co-evolve, shaping and
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being shaped by the pace and direction of this transition. Public procurement
influences technology adoption through requirements and ownership
strategies, while electrification reshapes procurement practices and actor roles.

8.2 Connecting Empirical Insights to the Theoretical
Framework

8.2.1 The Structural Role of Material Assets in Electrification

Sorrell (2018) argues that the analytical priority of transitions research shifting
to rules (institutions) as determinants of system stability neglects the
opportunities and constraints imposed by differences in access to material
resources. The findings in this thesis support this critique by showing how
material components and the distribution of these directly shape what is
possible, permissible, and strategically attractive for actors in the system.

One example of this is the finding that ownership of electric bus technology
emerges as an increasingly important factor determining the direction of the
transition and actors’ access to resources. The findings show a trend towards
increased public ownership of depots, and that ownership of buses may shift
from private to public, or a combination of the two, due to electrification. This
represents a material reconfiguration, as depots and charging infrastructure
become central assets around which responsibilities, risks, and strategic
control are organised. Attention to how this new technology is managed sheds
light on how access to these physical elements can constitute an advantage or
opportunity to actors in the transition, and how changes to established
divisions of ownership influence the transition direction.

As buses have traditionally been owned by PTOs, this indicates a change to
established practices. A recent report from the industry organisation confirms
that the ownership of buses can change due to electrification, as there are
economic benefits to utilising the bus over its entire technical lifespan, which
is often longer than the contractual period (The Partnership for Improved
Public Transport, 2024). However, with electric buses being in regular
operations in urban public transport only since ca 2018 (in Sweden), the actual
technical lifetime of an electric bus in frequent service has not yet been
established. Suggestions such as the one above by the industry, and the use of
takeover clauses, are therefore perhaps based more on expectations than on
established technical realities. This underscores the value of recognising both
the role of materiality and the role of cognitive frameworks, such as
expectations, as factors influencing the transition. The interplay between



materiality and cognitive frameworks becomes particularly visible when
decisions with long-term implications, such as depot construction or charger
location, must be made under conditions of technological uncertainty.

The findings further show how, when material features shift, procurement
instruments adapt, in particular where long-lived and resource-intensive
infrastructure is concerned. This links back to Sorrell’s (2018) critique that
transition studies underestimate the contribution of materiality in lock-in or
path-dependency, but priority is given to institutions as stabilising
mechanisms. In the public transport system, depots, chargers, and grid
connections represent investments with lifespans that exceed tender periods.
Once this infrastructure is established, they constrain technological options,
creating potential lock-ins that shape future procurement decisions, actor roles,
and transition direction. For instance, the emerging dominance of depot
charging strategies is not only a result of preferences, but also the spatial
availability of suitable locations and the physical feasibility of opportunity
charging. Materiality, therefore, plays an important role in stabilising
particular configurations, even when other technological alternatives may
exist.

8.2.2 Electrification as the Optimal Path to Sustainability?

The approach that material changes to the structure cause reconfiguration does
not mean that changes to institutions or actors go overlooked. The findings
also point to the influence of normative and regulatory frameworks and their
influence on and of the transition. Regulatory frameworks, such as EU and
national legislation on clean vehicles and procurement legislation, have
established formal rules that shape procurement and permissible approaches.
The regulative frameworks define allowable technological choices,
appropriate ownership models, and sustainability measures.

One such regulatory framework is the new Batteries Regulation (EU
2023/1542), which came into force in August 2023, and seeks to address
environmental, social, and economic risks of the reliance on batteries for
electrification; specifically, by obligating public authorities to include these in
the procurement process. While climate impact in terms of reduced emissions
and improvements for local environments remains at the forefront of
discussions on electrification, the findings further indicate that sustainability
considerations have broadened during the transition. The introduction of
electric buses has shifted the system boundaries of what is procured and what
is considered relevant in procurement. Initially, tenders focus on emissions,
but as electrification progresses, attention expands to also include social
impacts of battery production, sourcing of critical materials, and end-of-life
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management. This development illustrates that adopting what is perceived as
“the most sustainable” technology does not eliminate the need for extended
sustainability requirements; rather, it introduces new dimensions of
responsibility and complexity. This aligns with the arguments of Semple
(2023), who notes that while cost and performance considerations still
dominate in procurement, electrification entails that lifecycle and broader
societal impacts need to be addressed.

Gasparre et al. (2025) claim that the regulatory emphasis and political appeal
of electric buses have fostered a dominant narrative, positioning electrification
as the optimal path to sustainability. However, this risks narrowing the scope
of sustainable public transport by overlooking alternative or complementary
solutions. The findings of this thesis align with this narrative, with the
transition converging around depot-charged battery electric buses with
increasingly large battery capacities as the dominant configuration. This
standardisation may not be the most sustainable solution in an absolute sense,
but it harmonises with the existing institutional structure, operational planning
practices, and procurement frameworks. As Semple (2023) argues, achieving
real environmental gains requires a systems perspective rather than assuming
that introducing zero-emission vehicles is inherently beneficial.

8.2.3 Competence and Principles in Procurement

Normative frameworks, informal but widely accepted as standards, roles, and
appropriate technologies, have proven influential. Equally, the transition has
triggered changes to these frameworks, with emerging norms regarding
ownership, and reinterpretations of the meaning of some procurement
principles, such as technology neutrality, illustrating how institutional
frameworks adapt with technological shifts. This mutual shaping highlights
that procurement is not only constrained by institutional frameworks but also
acts as a mechanism through which these frameworks are reinterpreted and
reconfigured during the transition. Schotanus & Nicolas (2023) write that in
highly structured organisational fields, such as the public sector, authorities
can cope with uncertainties by relying on institutional reference points, and
emphasise mimetic behaviour, where authorities copy procurement practices
even when these practices are not suited to new technological conditions. The
findings suggest that normative frameworks, whilst influential, do not always
lead to replication based on past experience or established practices, but have
been adapted iteratively, drawing on established norms but with modifications
in response to new technological and sustainability demands.

The results in this thesis further add empirical evidence and support the
argument from Jagietto et al. (2023) and Ammenberg & Dahlgren (2021); that



existing procurement practices often failed to account for the characteristics of
electric bus technology. However, this thesis moves beyond identifying
inadequacies and illustrates how procurement practices evolve during the
transition. The findings go beyond the technical and efficiency focus of
procurement measures, showing that procurement of electric buses also
necessitates changes to what is being procured (from procurement of services
to procurement of a system), how this is procured (increasing specificity and
sustainability requirements), and what guiding norms and principles emerge
as priorities in this transition (public value and long-term planning balanced
with technology neutrality and fair competition).

As the results point to both increasing specificity and the broadening of the
scope of procurement with electrification, this brings new requirements and a
need for competency from actors in the system, not least for PTAs. To design
tenders with such specificity and evaluate bids requires technical competence
and current market knowledge, in addition to the resources necessary to
evaluate supply chains and ensure regulatory compliance, setting high
demands on PTAs as procurers. This finding is significant as it makes visible
the evolving roles and responsibilities of actors in the system, and how this
influences both technological choices and the framing of such technological
choices.

These changes involve some tensions, particularly between maintaining some
procurement principles and enabling strategic action, which positions PTAs as
both facilitators of change and as custodians of an established order. As
technology matures, procurement evolves from enabling initiation of the
transition to ensuring sustainable implementation of electric bus technology
when it is being adopted at scale. Gasparre et al. (2025) note that each
procurement cycle introduces new challenges, creating an “eternal return” to
new or unresolved issues, examples in this thesis being ownership models,
charging strategies, and sustainability criteria. As Stelling & Brunner (2022)
note, procurers must now navigate complex systems, anticipate future
operational needs and technological configurations, and translate new
sustainability goals and measures into viable procurement requirements. The
findings of this thesis support these observations; as procurement expands to
include charging infrastructure systems and supply chains, the skillset required
by PTAs and civil servants expands accordingly.

This also warrants attention to the effect on private actors, and how decisions
on charging strategies, ownership of depots, and the design of technical
requirements directly influence the conditions within which operators
compete.
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8.3 Contributions and Recommendations

This thesis advances the knowledge on the dynamics of the transition to
electric buses in public transport and public procurement. It does so by
applying a sustainability transitions perspective and conceptualising public
procurement as a structure that both influences and is influenced by the
introduction of electric buses in public transport, in contrast to approaches
where public procurement is regarded either as a policy instrument or as an
organisational context. Empirically, it provides both in-depth insights into the
dynamics between electric bus technology, actors, and institutional
frameworks in several European cases, and breadth by analysing procurements
over a long time period. This approach thus contributes to research on public
procurement in public transport and electrification, and to research on
technological change and transitions.

Whilst these results are anchored in empirical insights from specific contexts,
the findings carry broader practical relevance for understanding the
introduction of new technologies into public transport systems, also in other
organisational contexts. As electrification increases the complexity of
procurements, particularly through the inclusion of charging infrastructure and
sustainability requirements for batteries, there is a growing need for shared
learning across regions and actors. Existing collaborative arenas, such as The
Partnership for Improved Public Transport (“Partnersamverkan”), play an
important role in developing procurement frameworks and common
formulations of requirements. This is especially relevant concerning the
emerging issues of battery sustainability, supply-chain transparency, and
reporting obligations, where both regulatory and knowledge are still
developing. Given the varying resources and experience among procurers and
regions, continued collective learning is important to address these
complexities.

In relation to this, clear routines for the handling and management of batteries
throughout their lifecycle, including reusing and recycling, are important to
establish. Developing approaches to battery management, be it through
contractual requirements, shared standards, or coordination between sectors
such as waste and recycling systems, could support both environmental
objectives and long-term system reliability.

Now, at the time of the publishing of this thesis, there is an opportunity to draw
lessons from early electric buses reaching retirement. Questions concerning
the actual technical lifetime of an electric bus, and how this compares to
assumptions made in early procurements, are increasingly relevant. Lessons
from these first retirements could inform lifecycle cost assessments, identify
replacement strategies, and contract lengths in future procurements. Further,



clear interfaces of responsibility between actors, in particular regarding
infrastructure investments, grid connections and depot adaptations, are key for
successful deployment and operations of electric bus services. This requires
attention to municipal planning processes and effective coordination between
authorities, municipalities, and energy actors in the design of tenders.
Recognising that electrification is a cross-sectoral system change, rather than
just a matter of vehicle substitutions, supports more coherent long-term
planning.

It is important to recognise that this research was conducted within a rapidly
changing context. Studying the transition to electric buses in public transport
as it is happening (see, for example, Figure 2) has required an adaptable and
reflexive approach to the methods employed and considerations of the type of
empirical material available during the research period. As the aim of this
thesis is to understand the dynamic between the transition and public
procurement of public transport, it is important to acknowledge that the
number of procurements of electric buses was limited at the start of the
research in 2020. This is reflected in the use of interviews and selected tenders
as empirical material in Papers I-II1.

Paper I departs from the question of why transition to electric buses in Sweden,
when substantial progress towards low-emission bus fleets has already been
made. The results of this study nuance the often-cited environmental benefits
as drivers of the transition and also illustrate the expectations and visions
surrounding electric buses that existed at the early stages of the transition.
These expectations are also present in Papers II and III, where the Zow of this
transition is more in focus. These studies also reflect an early stage of the
transition, and perhaps address a proposed how to transition to electric buses,
as the material was based on the first or early procurement of electric buses.

The final paper, Paper IV, reflects a different stage of the transition with data
collected nearly three years after the first three papers. Paper IV reflects more
of the practical how, with a larger set of tenders available as material.
Comparing the expectations of electric buses that were present in Paper I to
what has actually been procured, as shown in the later tenders included in
Paper IV, shows how present technical realities are both different and similar
to what was expected at the outset of the transition and this research. There is
more research to be done on this transition as technology matures, systems are
established, and public transport systems globally move towards fully
electrified urban bus fleets.
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8.4 Future Research Avenues

Whilst the results have made the role of the PTA a focal point, consideration
of other roles and their changes should be addressed in further research. As
Paper I1I points out, the roles exist in a system, and changes to one role imply
changes to another as duties and responsibilities are added, shifted, and
adapted in the electric bus system. Particularly, the role of PTOs and their
interests in this transition is an avenue for potential research. As the results
indicate both tendencies towards increased public ownership and increasingly
specified technological choices, this changes the playing field for PTOs, as
perhaps fewer elements of the public transport services being procured are
subject to competition. This is also a key consideration for future
developments; what do these shifts in ownership and technological choices
outside of the procurement process imply for competition in tendering? The
market is already dominated by a few large operators. What happens to the
market when smaller operators are left behind due to a lack of resources to bid
on electric bus tenders?

Since starting my doctoral studies, there have been rapid developments both
in terms of technological maturity and deployment rate. In recent years,
electric buses have also been introduced in regional public transport, with
electric Class II buses available on the market. As the operational and
geographical characteristics of urban and regional bus services differ, further
research into the procurement of regional electric bus services would bring
insights into how regions are moving towards fully electric public transport by
bus. Further, such technology and operational characteristics could yield
important insights for the electrification of the freight sector, which is, today,
behind public transport in terms of electrification.

New, amended, and proposed legislation on the sustainability of electric
vehicles, particularly at the EU-level (e.g. Battery Regulation 2023/1542) will
require that procuring bodies of member states need to address broader
sustainability concerns and introduce additional criteria for traceability and
circularity. Future research will be important to understand how these new
obligations are interpreted and implemented in practice, and whether they
influence technological choices and available manufacturers and markets.

This research was conducted during a period when the adoption of electric
buses rapidly increased, and, as mentioned, limited material existed in terms
of procurement documents and experiences. As the share of electric buses is
now much higher, and electric buses are being procured regularly and
continuously, it would be interesting to compare the evolution of tenders and
contracts, specifically where electric buses are procured for the same service
for consecutive contract periods.
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