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Abstract

The transition to electrification in the transport sector is crucial to mitigating environmental
challenges, especially greenhouse gas emissions. This master's thesis examines the
adoption and diffusion of wireless charging technology and electric taxis in urban
environments, with a focus on Gothenburg's Green City Zone. The research addresses two
primary questions: How do the challenges faced by electric taxi fleets in the past compare to
the current challenges these fleets face with integrated 43kW wireless charging? And how do
these barriers affect the adoption and diffusion of electric taxis and wireless charging? Data
were collected through qualitative interviews with taxi drivers and stakeholders, supplemented
by quantitative analysis of charging behaviours. The theoretical framework includes the
Technology Acceptance Model, the Unified Theory of Acceptance and Use of Technology, the
Diffusion of Innovations Theory, and ADKAR which provide insights into user acceptance and
technology diffusion. The results demonstrate that while wireless charging and electric taxis
can offer significant operational and environmental benefits, their widespread adoption is
hampered by several interconnected barriers. Addressing these barriers holistically is crucial
for the broader adoption and integration of electric taxis and wireless charging into urban
transportation systems. Future research should focus on mass deployment of wireless
chargers, investigating scalability, economic feasibility and impact on the power grid to
facilitate wider urban implementation. This study contributes to the understanding of the
integration of advanced technologies in sustainable urban mobility and offers practical
insights for policymakers and industry stakeholders.

Keywords: Electric Vehicles, Wireless Charging, Electric Taxis, Sustainable Urban Mobility,
Green Gas Emissions, Charging Infrastructure, Adoption and Diffusion, User Acceptance,
Barriers to Adoption, Environmental Sustainability, Renewable Energy, Urban Transport,

Innovation.
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1. Introduction

This master’s thesis will explore the ongoing shift towards the electrification of the
transport sector, with a focus on the adoption and diffusion of wireless charging and
electric taxis in urban environments.

1.1 Background

According to NASA (2024), excessive use of fossil fuels leads to emissions of
greenhouse gases, which results in global warming, one of the most significant
challenges our planet is currently facing. The transport sector contributed to
approximately 25% of Europe’s total CO. in 2019, of which road transportation was
responsible for 71.7% (European Parliament, 2023). Consequently, numerous nations
intensified their policies on the electrification of road transportation by implementing
initiatives to promote the widespread use of EVs (electric vehicles) and the expansion
of necessary charging infrastructure (Dimitriadou et al., 2023). The European
Environment Agency established an initiative called “Fit for 557, with a set target of
reducing CO. emissions for cars by 55% in 2030, relative to the year 2021, and being
100% CO. emission-free for new vans and cars by 2035 (European Environment
Agency, 2023; European Commission, 2023). Canada announced in 2021 their federal
target of achieving 100% sales of zero-emission light-duty vehicles from 2035 to 2040
(Dimitriadou et al., 2023). Additionally, the United States of America set a target in
2022 of achieving 50% in EV sales and establishing 500,000 public charging stations
by 2030, facilitated by new incentives and subsidies (Dimitriadou et al., 2023).

A strategy involving EVs could be a major part of coping with these challenges, as they
do not rely on fossil fuels and use significantly less oil (Longo et al., 2018). The benefits
of electric cars compared to internal combustion engine (ICE) vehicles include reduced
emissions, lower operational costs, and improved user experiences with quieter rides
(Ahmad et al., 2018; Zamanov, 2023; Energy5, 2023a, 2023b). While the higher initial
cost of EVs poses a challenge, government incentives and increasing consumer
acceptance promise a sustainable solution for future urban transport (Wolbertus, 2020).
Ideally, all EV charging should come from renewable energy sources, but even if this
is not the case, EVs still offer three times better energy efficiency than diesel vehicles
(Prohaska et al., 2016).

The evolution of urban mobility is rapidly moving towards more sustainable and
technologically advanced solutions, with EVs leading this transformation (McKinsey
& Company, 2021). Electric taxis play a crucial role in sustainable urban mobility,
highlighting the increasing need for charging infrastructure (Oliveira, 2020). The
exploration of technologies like fast and wireless charging is essential to meet this need
(Ahmad et al., 2018). Wireless charging offers a seamless and convenient experience
by eliminating the need for physical cables (Ahmad et al., 2018). When integrated into
public and private parking spaces, it can provide continuous top-up charges without
driver intervention, enhancing the practicality of EVs and promoting greater reliance
on electric transportation (Ulrich, 2020).



Therefore, the investigation and development of these technologies are crucial not only
for improving user experience but also for supporting the broader infrastructure and
ecosystem necessary for a successful transition to electric mobility (Ahmad et al.,
2018). This transition is of the utmost importance for reducing carbon emissions and
achieving global sustainability goals in transportation (Longo et al., 2018).

1.2 Project Background

The “Wireless Charging for Taxi - in Gothenburg Green City Zone” project represents
a significant leap in innovative and sustainable urban transportation solutions. The
Gothenburg Green City Zone is a dynamic testing ground for zero-emission transport
solutions. The aim is to ensure that all transport within selected areas is 100% emission-
free by 2030. The region will become the first to develop zero-emission, scalable
transport solutions at the system level (Smart City Sweden, 2022). The initiative is a
technological experiment and a step towards redefining urban mobility in Gothenburg.
The project launched with twenty Volvo XC40 EVs and was designed to test the
viability of 43 kW wireless charging technology in a real-world urban setting. A diverse
group of key players has been brought together, each contributing their unique expertise
and resources towards the common goal of redefining urban mobility.

Organisation Role in the Project
Leadin motive manufacturer. li he proj ith
Volvo Cars eading automotive manufacturer. Supplied the project wit
twenty Volvo XC40 EVs.
InductEV Specializes in developing wireless charging solutions. Provided
the cutting-edge technology necessary for the project.
CabOnline Largest taxi operator in the Nordic countries. Plays a crucial role

by integrating EVs into its taxi fleet.

Key energy provider in the region. Supports the project by

Goteborg Energi | ensuring the wireless charging stations are powered by

sustainable energy sources.

Ensures that the automated payment solution, InCharge, operates

seamlessly for wireless charging during the trial period.

Facilitates the project's integration within the city. Works to align

Business Region | the project with Gothenburg’s broader environmental and urban
Goteborg development objectives, contributing to the city’s Green City

Zone initiatives.

Table 1. Overview of stakeholders in the project

Vattenfall

During the project's first year, a lot of comprehensive data was collected from the
deployed EV fleet (Eriksson, 2023). This included data regarding driver experiences,
vehicle performance, charging efficiency, and the integration of wireless charging into
the daily operations of taxi services. The overall feedback from the drivers was
generally positive, though some did not use the wireless charging due to it not fitting
with their operational needs. The usage of wireless charging stations contributed to
around 12% of the total fleet energy supply, and this figure is expected to rise with
more charging stations. The fleet drove over 1 million kilometres within the first year,
giving the project a rich data set for analysis. The project has also identified some



operational limitations, particularly a need for more strategically located charging
stations to meet the full demand of the fleet (Eriksson, 2023).

The “wireless charging for taxi” project stands at the intersection of technological
innovation, environmental sustainability, and urban planning. It represents a holistic
approach to dealing with the challenges of modern urban transportation. It might show
how future cities can integrate advanced technologies to achieve a sustainable world.

1.3 Problem formulation and relevance of research questions

The transport sector significantly contributes to greenhouse gas emissions, with road
transportation being a major source (Longo et al., 2018; European Parliament, 2023).
Transitioning to sustainable transportation modes, such as EVs, is essential to address
these environmental challenges (Ibham Veza et al., 2023). Electric taxis, in particular,
offer substantial benefits in urban environments due to their high utilization rates and
operational intensity, which can significantly reduce emissions (Zou et al., 2016).

Wireless charging technology presents a promising opportunity for quick and
convenient charging for electric taxis, yet it faces several barriers to its widespread
adoption (Oliveira et al., 2020). Some of the barriers include technical limitations,
economic factors, user acceptance issues, lower power output compared to conductive
charging, high initial investment cost, and the necessity of behavioural adjustments,
especially for taxi operators accustomed to rapid refuelling methods (Marinescu, 2021;
Jang, Jeong, & Lee, 2016). These challenges are further compounded by taxi fleets'
specific operational and unique infrastructure requirements (Oliveira et al., 2020). The
perspective of electric taxi fleets is different from those of using personal EVs due to
the taxis being operated more extensively and the need to cope with real-time demands
with limited planning possibilities (Shen, Wang, & Zhang, 2021). Personal EVs do not
require continuous operation with frequently fast charging possibilities to the same
extent as taxis (Oliveira et al., 2020). The seamless and convenient charging experience
offered by wireless charging could revolutionise how electric taxi fleets operate,
underscoring the need for specialised charging solutions, which could address the
unique requirements of electric taxis. Thereby, the potential for wireless charging is
highly significant for electric taxi fleets (Jang, Jeong, & Lee, 2016).

Research on high-capacity wireless charging for EV taxi fleets is sparse, with no studies
focusing on the high power of 43 kW. While studies have investigated wireless
charging for EVs and its user acceptance (Fett et al., 2018) and the potential of
electrifying the taxi industry (Zou et al., 2016). Only one study has been found that
addresses the barriers to wireless charging for electric taxis (Oliveira et al., 2020),
however, this was done with a comparatively low wireless charging capacity of 7 kW,
this gap in research highlights the urgent need for this study, which aims to describe
the barriers and analyse their impact on the adoption and diffusion of wireless charging
technology for electric taxis.

As stated above, wireless charging and electric taxis faces multifaceted challenges for
its widespread adoption (Oliveira et al., 2020). These obstacles, if not addressed, will
hinder the growth of electric taxi fleets, resulting in fewer EVs on the roads and
subsequently worsening environmental conditions (Oliveira et al., 2020). This brings
us to this study’s research questions below.



First research question: How do the challenges faced by electric taxi fleets in the
past compare to the current challenges these fleets face with integrated 43kW
wireless charging?

The first research question seeks to compare established barriers with current
challenges at the 43kW level.

Second research question: How do these barriers affect the adoption and diffusion
of electric taxis and wireless charging?

The second research question explores the impact of the barriers identified in the first
research question on the adoption and diffusion of wireless charging and electric taxis.
It employs various theoretical frameworks to enhance the understanding of user
behaviour and acceptance of wireless charging and electric taxis. The frameworks help
clarify potential users' perceived benefits and potential drawbacks, which can either
accelerate or hinder widespread adoption.

1.4 Purpose

The purpose of this thesis is to describe the barriers and analyse their impact on the
adoption and diffusion of wireless charging and electric taxis.

1.5 Delimitations

This thesis focuses on the barriers to wireless charging and electric taxis and how these
barriers affect the adoption and diffusion of 43 kW wireless charging and electric taxis
within Gothenburg's Green City Zone. It analyses the experiences of taxi drivers and
key stakeholders and data previously collected in the project. It excludes comparative
analyses of wireless charging outside the taxi sector. This approach ensures a
concentrated exploration of wireless charging and electric taxis' role in advancing
sustainable urban mobility.



2 Methodology

This chapter describes the methodology used in this study and outlines the approach to
data collection and analysis. The methodology chapter covers the selection of
appropriate research methods, data collection techniques and analytical procedures. In
addition, the measures taken to ensure the quality and ethical standards of the research
are dealt with. By clearly defining the methodological framework, this chapter provides
a basis for understanding how the study's findings were derived and ensures the
reliability and validity of the findings.

2.1 The research design

The research design explains the strategy one uses to carry out well-structured work
(De Vaus, 2001). This must be done coherently and logically, thus ensuring that the
study is carried out efficiently. The research design can be interpreted as a plan for
collecting, measuring, and analysing the collected data (De Vaus, 2001). This study has
been conducted according to the following design:

Qualitative
component

Probl A— Analysis of
roblem . iterature . .
Delimitation Data collection collected data Conclusion

and theory
Quantitative
component

Figure 1. lllustrative mapping of steps taken in the methodology with arrows showing
the direction and chronology (own illustration)

Statement study

e Problem Statement: The problem statement is established primarily to
understand why this study is important.
o Delimitation: Delimitations are developed to obtain a reasonable focus area for
the study.
o Literature study: Relevant theory is analysed to find methods and create
strategies for carrying out the study.
« Data collection: The data collection uses quantitative and qualitative methods
to obtain a good basis for analysis.
o Quantitative component: To analyse usage data and preferences.
o Qualitative component: To explore taxi drivers’ and stakeholders’
perceptions, experiences, and suggestions for improvement.
e Analysis of collected data and theory: Analysis of collected data and theory
contributes to a good overview of the current situation.
e Conclusion: The theory and collected data have been compared and presented
at the end of the work.



This study applies a funnel-based analytical approach to systematically identify and
explore the barriers to implementing as well as using wireless charging and electric
taxis. This method structures the analysis from the broad context of charging
infrastructure and EVs to the more specific aspects of wireless taxi charging. The
funnel structure is designed by the authors to logically present the barriers to adopting
wireless charging and electric taxis and explain how the different barriers are
interconnected.

|
|
W
v

Charging Infrastructrure

Electric vehicle

Electric Taxis

Wireless Charging Electric Taxi

Figure 2. lllustrative funnel over potential barriers (own illustration)

The barriers identified at each level are interconnected. The barriers identified in the
broadest part of the funnel, charging infrastructure, can intensify the challenges in
narrower categories. For instance, inadequate charging infrastructure hinders the
adoption of EVs in general, which in turn contributes to challenges for electric taxis.
These challenges then affect the barriers of the narrowest part of the funnel, wireless
charging electric taxis.

Conversely, successfully implementing innovations, such as wireless charging for
electric taxis, can help solve broader challenges. For example, efficient wireless
charging solutions could mitigate some infrastructure demands, streamline the use of
EVs, and encourage broader adoption of electric taxis by demonstrating practicality and
convenience. Addressing barriers at a broader level can mitigate issues at that level and
help facilitate the resolution of challenges in narrower layers, while innovations in
narrower layers can help solve broader issues. This holistic approach underscores the
necessity for integrated solutions that improve the entire ecosystem.

2.2 Selection Methods

In the three research approaches, deductive, inductive, and abductive, the decision was
made to employ the abductive approach with a mixed method (Bell et al.,
2019). Abductive reasoning usually starts with an incomplete set of observations and
then proceeds to the likeliest possible explanation for the set (Bell et al., 2019). It allows
for the formulation and refinement of hypotheses as new data become available,



accommodating the dynamic nature of technological and operational challenges (Bell
etal., 2019).

This report uses the abductive approach to analyse and formulate hypotheses about the
barriers electric taxi fleets face with 43kW wireless charging. A mixed method was
used as it enabled the research to be approached conceptually and analytically to help
understand how, why, and for whom the wireless charging and electric taxis will be
appropriate (Bell et al., 2019).

2.2.1 Qualitative Method

Quialitative data can be obtained through interviews and observations without formal
numbers or measurements (Bell et al., 2019). An example of this could be describing
something as hot instead of saying the exact temperature (Locharoenrat, 2017). This
data type focuses on understanding individuals' or groups' characteristics and subjective
experiences (Bell et al., 2019). Rather than quantifying responses, qualitative data
might describe the nuances of respondents” attitudes, feelings, and behaviours (Bell et
al., 2019).

This report used the qualitative method to interview the taxi drivers and key project
stakeholders. The interviews aimed to capture the respondents' experiences, opinions,
and insights to provide a more detailed understanding. By performing these interviews,
this study gathered valuable qualitative data that might not be easily quantifiable but is
important for a deeper analysis and interpretation of the project's impact and outcomes.

2.2.2 Quantitative Method

Quantitative data involves studies using statistical analyses, calculations, and
measurements to obtain results (Locharoenrat, 2017). This type of data focuses on
objectivity with numerical values, which allows for the analysis of patterns,
correlations, and trends with the data gathered (Bell et al., 2019). Using mathematical
and statistical techniques, guantitative research provides a clear and concise way to
represent and interpret data (Bell et al., 2019). Quantitative methods enable researchers
to obtain results that are both replicable and generalisable across larger populations
(Locharoenrat, 2017).

In this report, the quantitative method has been used to analyse charging behaviour
from previous data collected during the project's first year. Also, to map demographics
and other objective parameters, such as the capability of charging at the drivers'
residences. Systematic collection and evaluation of numerical data provide a robust
framework for understanding user behaviours and trends. This method ensures that the
findings are grounded in objective measurements, enhancing the reliability and validity
of the research outcomes.

2.3 Data collection

There are two different categories of sources, -these are primary sources and secondary
sources.

The most common primary sources are interviews, observations, and surveys.
Secondary sources are different forms of documents, such as previous research,



government publications, and information from personal registers. Neither primary nor
secondary sources are 100% reliable, but one must review the sources and use one's
judgement to ensure they are of high quality (Kumar, 2009).

2.3.1 Interviews

Interviews are a standard method of obtaining information from other people. An
interview is any human-to-human interaction between two or more individuals with a
specific purpose (Kumar, 2009). Interviews can be very good for discovering and
gaining in-depth knowledge in a specific area (Kumar, 2009). An interview can be
conducted in several different ways, such as structured and unstructured interviews,
with various levels of flexibility and specificity (Kumar, 2009). The following
interviewing methods were used in the study: Unstructured interviews, semi-structured
interviews, and exploratory interviews.

Unstructured interview

The unstructured interview gives an almost complete freedom to decide upon content
and structure. When conducting an unstructured interview, one may formulate
questions and raise issues at the spur of the moment, depending on what occurs in the
context of the discussion (Kumar, 2009). In this study, unstructured interviews were
used in meetings, conversations, and interviews with members and key stakeholders
within the project to get a good grasp of the project, its current status, and wireless
charging product information.

Semi-structured interview

The semi-structured interview is positioned on the spectrum between the structured and
the unstructured interview. The method employs a blend of prepared closed- and open-
ended questions, often accompanied by follow-up questions to understand why and how
(Adams, 2015). This study used semi-structured interviews with taxi drivers to provide
comparable qualitative data (Adams, 2015). Total population sampling is a research
technique that involves collecting data from every member of a population when it is
small and manageable, ensuring highly accurate and comprehensive results (Creswell
& Creswell, 2018). The researchers used total population sampling because there are
limited taxi drivers with wireless charging capabilities. Drivers from all 20 cars were
interviewed.

Exploratory interview

In research, the formulation of a specific problem is essential. When the motivation,
incentives, or triggers of an individual involved in the situation or problem are
unknown, exploratory research can be undertaken (Adams et al., 2007). The
exploratory interview can thus be used to acquire a basic understanding of the topic by
communicating with various stakeholders. The method is frequently used in the social
sciences to study human perception. It has been used in various studies across different
fields of science, such as business or demographic studies (Setyawan et al., 2018;
Ghosh & Kshitij, 2016). This study used exploratory interviews with the various
stakeholders to understand the topic.

2.3.2 Previous Research



A review of previous research has been carried out to build the study's theoretical
framework. The theory is essential as it must be compared with the collected empirical
data. The literature study comes from a compilation of books and scientific articles
related to the subject areas. To ensure that the literature is credible, it has been reviewed,
and discussed with opponents and a supervisor of the master thesis, to assess the
relevancy of the literature.

2.3.3 Document Review

Document review is the process of examining and analysing documents to assess their
relevance, accuracy, and compliance with specific criteria or standards (Patel &
Davidson, 2003). Documents appear in many forms, such as written, statistical, image,
and audio. In the past, all documents were written, but with technological
developments, digital documents have also become prevalent (Patel & Davidson,
2003). This study used digital documents in the form of project-specific data collected
throughout the project to analyse usage data and driver preferences.

2.4 Credibility of the study

This section of the report highlights the steps taken to ensure good validity and
reliability, ensuring high research quality.

2.4.1 Validity

When conducting research, it is essential to ensure the validity of the methodologies
chosen because they are directly connected to the relevancy and credibility of the
research result (Bell et al., 2019). The different types of validity include face,
concurrent, and construct validity, which cover both convergent and discriminant
validity.

To implement this, the authors combined quantitative measurements (factual data) with
qualitative insights from interviews with experienced project members. This dual
approach of quantitative and qualitative gatherings will provide more detailed data and
strengthen this research’s validity (Bell et al., 2019).

2.4.2 Reliability

According to Skarvad & Lundahl (2016), high reliability is achieved if a study is
conducted in a way that is not influenced by the researcher's execution or the
circumstances of the investigation. Reliability refers to the consistency of
measurements; good reliability ensures that two different researchers will obtain the
same results if they perform the same study in the same way (Yin, 2007). Bell et al.
(2019) describes three main aspects of reliability, including stability, internal
consistency, and inter-rater reliability, to ensure agreement among researchers, each
covering various perspectives of consistency.

To achieve high reliability, the researchers used a strategy that includes measurements
taken at different times to test the stability. They will also ensure that the used indicators
constantly measure the same concept for internal reliability and with consensus among
multiple observers for inter-rater reliability (Yin, 2007). Furthermore, by consulting
with various experts in the field to enrich the authors' understanding of the subject and



to confirm the results, good reliability will be reached for this study (Patel & Davidson,
2003).

2.5 Ethics

It is important to be ethically correct during research to ensure that the author’s
relationship to the task is not subjective or corrupt (ALLEA, 2018). One should follow
the European codex for research integrity to achieve good research practice. Within the
code, several basic principles are addressed to achieve this. These principles are then
divided into four categories and described as below (ALLEA, 2018).

Reliability: This is to guarantee the quality of research. This is done through the choice
of method, analysis, resources, and research design.

Honesty: One must think about carrying out the research objectively and fairly.

Respect: During research, one must respect one’s colleagues, the environment, culture,
participants in the research, and society.

Responsibility: One should be responsible for the entire research process, from the idea
to the publication, and also for any consequences that may arise

During the study, it is also important to remember not to violate any form of
confidentiality and to ensure that no individual is harmed (Kumar, 2009). Participating
individuals will be informed that the information given out may be used in the study. If
used, it will be checked with the individual that what is written down in the study
matches the information given. It will also be checked that the information does not
violate any form of confidentiality.
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3 Theory

This section explores the multifaceted challenges and theory related to the adoption of
wireless charging and electric taxis, covering barriers, user acceptance models,
diffusion of innovation, motivational values, and change management strategies.

3.1 Charging Infrastructure and Electric VVehicle Deployment

3.1.1 Charging infrastructure

The EV industry has been steadily growing since the early 21st century (Deb et al.,
2018), and the development of charging infrastructure is essential to cope with this
trend (Chen et al., 2020). Despite the rapid growth in the popularity of EVs, barriers to
overcome are present: limited driving range per charge, long charging times, and the
limited availability of charging infrastructure (Zhang et al., 2018). Since the battery
capacity for EVs has improved, faster charging technology is required to keep the
charging time comparatively low, facilitating long-distance travel (Tu et al., 2019).
Several fast charging standards were introduced in 2017, one of which is called
CHAdeMO, which makes it possible for EVs to charge upwards of 200kW (Chen et
al., 2020). More recent developments of premium cars show the capability of charging
upwards of 350kW (Mateen et al., 2023). Often, the battery itself limits the charging
capacity and not the infrastructural charging system to prevent battery damage (Zhang
etal., 2017).

According to Zhang et al. (2018), determining the optimal locations for charging points
is complex due to its multifaceted nature, with several economic aspects to consider.
Some of the direct factors that influence the profit of charging infrastructure include
the cost of charging stations, ground rent, maintenance cost, electricity price, charging
price, and charging demand (Zhang et al., 2018). Indirect factors are also present,
including psychological factors, the behaviour of EV owners, charging infrastructure
technologies, EV technologies, and battery technologies (Zhang et al., 2018). The
challenge of choosing the location of a charging point can be further explained by the
many existing restrictions, for instance, the preservation of historic areas, visual clutter,
and regulatory constraints, despite encouragement from public policies (Bonges &
Lusk, 2016).

The widespread adoption of EVs increases the electricity demand and has a wide
variety of adverse impacts on the power grid, especially during peak hours (Shareef et
al., 2016). The adverse impacts include voltage instability, heightened peak demand,
power quality issues, increased power loss, and transformer heating (Shareef et al.,
2016). Shareef et al. (2016) concluded that a full EV penetration with uncoordinated
charging exceeds the existing generation of capacity on average load days. As a result,
at least 93% of the charging EVs need to be shifted to off-peak hours if no new power
generation is added to the power grid (Shareef et al., 2016).

3.1.2 Electric Vehicle

In recent decades, technological advances, such as improvements in battery technology,
have contributed to a revival of interest in electric cars (Williams et al., 2024). Even
though the battery capacity and charging speed have improved, batteries still add
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considerable weight and constitute a significant proportion of the total cost of EVs
(Deyang et al., 2016; Nykvist et al., 2019; Compostella et al., 2020). Improvements in
battery technology are crucial for electric cars as they lead to cost reductions and
increased range (Williams et al., 2024). Modern lithium-ion batteries charge faster and
last longer, reducing concerns previously associated with electric driving (Williams et
al., 2024). These technological advancements increase the utility and availability of
cars, broadening the market (Williams et al., 2024). More and more people are
becoming aware of the environmental impact of fossil fuels, creating an increased
demand for cleaner alternatives such as electric cars (Wellings et al., 2021). At the same
time, governments worldwide are introducing stricter emissions regulations to combat
climate change, benefiting the EV market (European Commission, 2024). Electric cars
offer a quieter, smoother, and often more responsive driving experience compared to
ICE vehicles (Labeye et al., 2016). The immediate availability of torque and the lack
of gearboxes in many electric cars make for a smooth and enjoyable drive (Labeye et
al., 2016). This improved driving experience might attract consumers who value
comfort and technology (Labeye et al., 2016). However, despite falling prices, electric
cars are still, on average, more expensive than their petrol and diesel-powered
counterparts (Danielis et al., 2018). The higher cost can be a major obstacle for many
consumers, especially in segments where cost consciousness is particularly important
(Giansoldati et al., 2020). Many potential electric car buyers worry about not being able
to find charging stations, especially during longer journeys, limiting their willingness
to switch to electric options (Thggersen & Ebsen, 2019). Furthermore, although
charging technology is improving, it still takes longer to charge an electric car
compared to the time it takes to fill a tank of petrol or diesel (Giansoldati et al., 2020).
This time difference can put off people who are used to the speed and convenience of
traditional fueling (Giansoldati et al., 2020). Electric cars can experience reduced
performance in cold or very hot weather, affecting the battery's charging capacity and
range (Krishna, 2021). Consumers in areas with extreme climate conditions may be
hesitant to adopt EVs due to these limitations, which may involve greater disruption
and increased uncertainty compared to conventional cars (Krishna, 2021). Some
consumers may hesitate to invest in electric cars due to uncertainty surrounding the new
technology's reliability and long-term value (Krishna, 2021). Concerns about new
technology include issues around battery life, maintenance costs, and the car's resale
value (Krishna, 2021). This hesitancy may slow adoption among those who would
otherwise consider switching to an electric car (Krishna, 2021).

3.1.3 Electric Taxis

Taxis play an important part in flexible transportation, particularly represented in bigger
cities (Tseng et al., 2019). Taxis are responsible for a significant part of the emissions
in cities, for instance, in Tokyo, where taxis only make up 2% of all vehicles but still
contribute to 20% of the total carbon dioxide emission (Lu et al., 2012). Taxis are often
operated as private businesses, and transitioning from ICE to electric-powered is thus
critically dependent on the taxi drivers’ desire for the transition (Tseng et al., 2019).
Taxis require a longer driving range than personal cars since they normally travel
approximately 300 kilometres daily (Tseng et al., 2019). The daily driving distance for
taxis often exceeds what a fully charged battery can support (Lu et al., 2012). Rao, Cali,
and Xu (2018) did a study in Shenzen, China, using real-world data, and the result
revealed that more than 80% of the taxis charged three or more times per day and that
the maximum amount of charging sessions was five times per day. The patterns of the
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charging duration showed that 80% of the drivers spent less than one hour per session,
and less than 4% of the drivers charged under 10 minutes. Another finding in the study
was that the drivers charged at specific times and with specific durations rather than
visiting the charging stations randomly (Rao, Cai, and Xu, 2018).

Kim, Lee, and Kim (2017) did an environmental analysis and feasibility study on
electric taxis in Seoul, South Korea. The result of the study showed financial feasibility,
and the environmental analysis revealed that electric taxis could significantly reduce
air pollution and emissions. The authors concluded that the implementation potential is
high but found some opportunities for improvement. These improvements include
developing the dispatch management system to address the limited driving range for
electric taxis compared to ICE vehicle taxis to prevent electric taxis from getting the
demand of long-distance customers. Additionally, it is important to strategically
position charging points along key routes and in high-demand areas (Kim, Lee, and
Kim, 2017).

The perspective of electric taxi fleets is different from those of using personal EVs due
to the taxis being operated more extensively and the need to cope with real-time
demands with limited planning possibilities (Shen, Wang, & Zhang, 2021). Salanova
and Romeu (2018) did a comprehensive mathematical model primarily focusing on the
Barcelona taxi market to evaluate and optimise taxi operations. The authors concluded
that depending on how the taxis operate, a different setup of charging infrastructure is
optimal and categorised the different operating types into hailing, dispatching and taxi
queuing. Hailing, significantly affected by real-time demand by picking up passengers
on the streets, required a dynamic operational model and the priority of charging
infrastructure was to be accessible and conveniently located. The optimal placement
for this operating model was found to be in busy commercial areas, airports and other
transportation hubs to facilitate quick charging between customer trips (Salanova &
Romeu, 2018). Dispatching, planned routes from the central system or applications had
a more predictable schedule and routes, enabling drivers to plan for charging stops
during their daily operations. The optimal charging infrastructure for this operation
style was found to be located along their planned routes, for instance, at the start or end
of frequent routes (Salanova & Romeu, 2018). The last operating setup involves
physical queuing at taxi stands, where they have a consistent location to wait for
customers. The ideal charging points for this type of operation are to be placed at these
stops or in near proximity, to accommodate charging while waiting or queuing for
customers (Salanova & Romeu, 2018).

To avoid loss of income, chargers should be readily available to enable the downtime
to be used for recharging the battery (Bauer et al., 2019). The location of charging
points is not always positioned on the drivers’ route, resulting in inevitable detours to
be able to charge, especially in larger cities and taxis equipped with small-range
batteries (Yang et al., 2018). However, waiting times combined with breaks are
commonly not enough time to cover the necessary charging time, forcing taxi drivers
to dismiss customer trips to drive and charge instead (Asamer et al., 2016).

3.1.4 Wireless Charging electric taxis

According to Millerleile et al. (2016), EVs offer a promising solution to environmental
challenges, but an inadequate charging infrastructure contributes to range anxiety,
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which restricts its adoption. Finding innovative solutions for the charging infrastructure
is crucial for accelerating EV adoption, and wireless charging stands out as a promising
alternative (Mdllerleile et al., 2016). Wireless charging offers an improved user
experience with contact-free charging and improved infrastructure functionality by
reducing maintenance costs, mitigating weather-related issues, and enabling
underground installation to eliminate visual clutter (Mullerleile et al., 2016).

Ulrich (2020) introduces a project in Oslo, Norway, aiming to implement a wireless
charging infrastructure suitable for taxis, buses and delivery trucks. The idea of the
project is not to charge a whole battery cycle but rather use the charging technology to
replenish some energy whenever an opportunity arises, for instance, when waiting in a
taxi queue (Ulrich, 2020). Because the system is placed below the surface, the
mechanical wear is low and has a high resistance to bad weather and vandalism, with
the advantage of not being required to step out of the vehicle and face the weather to
charge (Fett et al., 2018).

According to Dimitriadou et al. (2023), conductive charging can deliver significantly
higher power levels than wireless charging, especially with DC fast chargers, due to the
physical connection, which enables higher power transfer efficiency. Wireless charging
also has lower energy efficiency, which might be an issue for acceptance, especially for
those who use EVs frequently and thus have more experience (Fett et al., 2018).

According to Palani et al. (2023), the wireless charging system for the EV industry is
still in its introductory stage. The cost of buying an EV with wireless charging
capability by mounting a receiver on the car is still very high. It is currently a significant
constraint, but it will, with time, be more affordable because of economies of scale
(Palani et al., 2023). However, high initial costs for establishing this technology can
still be a significant barrier for taxi companies and municipalities (Oliveira et al., 2020).
Moreover, economic inefficiencies arising from potential overcapacity or
underutilisation of the charging infrastructure can further complicate economic
calculations, leading to a reluctance to invest in these technologies (Oliveira et al.,
2020).

From a behavioural and perceptual perspective, the industry faces challenges such as
resistance from drivers and taxi companies accustomed to conventional fuels and
charging methods (Oliveira et al., 2020). This resistance to change is often grounded in
habits and fear of the unknown (Oliveira et al., 2020). Reliability and convenience
issues with new technology may also deter drivers from switching to electric taxis
(Oliveira et al., 2020). In addition, a lack of awareness or misinformation about the
benefits and operational methods of wireless charging systems can hinder the adoption
of this technology (Oliveira et al., 2020). However, the result of the survey performed
by Fett et al. (2018) on user acceptance of wireless charging suggests a high acceptance
level for wireless charging, particularly among car-sharing applications and
commercial fleets.

Regarding operational challenges, the alignment between the transmitter and the
receiver coils must be precisely aligned, which means that the vehicle must remain
stationary for some time (Ahmad et al., 2018). Birell et al. (2015) studied the
importance of vehicle alignment when charging wirelessly. The result showed that only
5% of the vehicles were within the misalignment tolerances of 10 cm from the vehicle
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centre point to the centre of the receiver (Birell et al., 2015). Furthermore, there are
logistical issues with deploying and maintaining a widespread network of wireless
chargers, especially in high-traffic urban environments (Oliveira et al., 2020).
Technical challenges in integrating wireless charging technology with existing vehicles
and electrical systems can also be significant, as existing vehicles and infrastructures
are not always compatible with innovations (Oliveira et al., 2020). These problems
require complex solutions and significant resources to overcome (Oliveira et al., 2020).

The potential environmental impacts of deploying wireless infrastructure at scale,
including resource use and electronic waste issues, are of great importance (Oliveira et
al., 2020). The efficiency of wireless charging systems and their impact on electricity
demand and load management must also be carefully considered (Oliveira et al., 2020).
These systems must be designed to be sustainable not only economically but also to
minimise their environmental footprint and promote a more sustainable use of resources
(Oliveira et al., 2020).

3.2 Technology Acceptance Model

The technology acceptance model (TAM) is a technical model initially introduced by
Davis (1989). TAM was designed to evaluate the various factors affecting the
acceptance of new technologies. The model emphasises two primary dimensions:
Perceived Usefulness (PU) and Perceived Ease of Use (PEoU). Firstly, people tend to
use an application to the extent they believe it can be helpful or make them perform
better on a specific task, Davis (1989) refers to this as PU. Secondly, even if the user
considers the application useful, potential users might think it is too difficult or complex
to use. Thus, the benefits of usage are outweighed by the perceived required effort to
use the application, which refers to the PEoU (Davis, 1989). TAM has been used in
previous research to evaluate the likelihood of a technology's success based on
consumers' perceptions of its PU and PEoU. It has been found that the ideas of PU and
PEoU have the greatest influence on a technology's effective adoption and seamless
transition (Bach et al., 2016). According to Bach et al. (2016), these concepts can
significantly influence how users perceive a specific feature or the system as a whole.
Additionally, the authors suggest that gaining insights into users' interactions with
technology can be highly beneficial for identifying the strengths and weaknesses of its
intended use case. TAM is the best model or framework to employ in usability studies
and has received the greatest attention from the information system community in
studies where the concepts of PU and PEoU have been the main focus (Bach et al.,
2016).
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Figure 3: TAM and its concepts according to (Davis et al., 1989)

The behavioural intention to use the application will be determined by the PU and the
attitude toward using the application. Furthermore, the attitude toward using the
application is jointly determined by the PU and the PEoU. Effort saved due to
improvements in the PEoU can also enable a person to accomplish more work for the
same effort, giving PEoU a direct effect on PU. PEoU is also theorised to be determined
by external variables (Davis et al., 1989).

3.2.1 Unified Theory of Acceptance and Use of Technology

Unified Theory of Acceptance and Use of Technology (UTAUT) is a framework that
has been widely used since its development in 2003 (Venkatesh et al., 2003). The
framework combines insights from various earlier theories to comprehensively
understand and predict how people adopt and use technology. The framework considers
theories such as the technology acceptance model, social cognitive theory, theory of
planned behaviour, motivational model, and innovation diffusion theory. UTAUT aims
to explain the factors that influence people’s decision to use technology. It focuses on
the expectations of the technology’s performance, PEoU, and the conditions that
support its use, all from a user perspective. The framework also considers the user’s
experience, age, and gender, whether the usage is voluntary, and how this influences
the adaptation of technology (Venkatesh et al., 2003).

The probability of a successful adoption of technology is highly dependent on the
following constructs:

Performance expectancy (PE) is most strongly associated with technology acceptance
and usage and refers to how much an individual believes using a particular system will
enhance their performance at work (Venkatesh et al., 2003). This effect will be the
strongest for younger men (Venkatesh et al., 2003). Effort expectancy (EE) looks into
how the PEoU affects the adoption of the technology, as customers are more likely to
accept technologies that they find easier to use (Venkatesh et al., 2003). The effect of
this construct significantly decreased after a period of technology usage (Venkatesh et
al., 2003). This construct is defined as the ease associated with the use of technology,
and this effect is strongest in younger women (Venkatesh et al., 2003). Social influence
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(SI) can have a significant impact on whether an individual adopts or rejects a
technology, especially in the early stages of the innovation diffusion process
(Venkatesh et al., 2003; Rogers, 2003). Although the results of this concept have been
inconsistent, this can be explained by the fact that when the use of the technology is
mandated, social influence is a significant construct (Venkatesh et al., 2003; Zhou, Lu
& Wang, 2010; Chauhan & Jaiswal, 2016). Social influence is the degree to which an
individual perceives that others believe he or she should use the new system and is most
significant in older women (Venkatesh et al., 2003).

Facilitating condition (FC) is defined as the degree of ease associated with the use of
the system (Venkatesh et al., 2003). The FC can be the availability of resources,
support, or infrastructure that is essential to the adoption of the technology (Venkatesh
et al., 2003). The model suggests that the FC have a direct effect on use behaviour
(Venkatesh et al., 2003). These predictors are affected by gender, age, experience, and
voluntariness of use in the following ways: Gender affects PE, EE, and SI. Age affects
PE, EE, SI, and FC. Experience affects EE, SlI, and FC. Voluntariness of use only
affects Sl (Venkatesh et al., 2003).
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Figure 4. Visual representation of the UTAUT model (Venkatesh et al., 2003)

3.2.2 Unified Theory of Acceptance and Use of Technology 2

In 2012, the unified theory of acceptance and use of technology 2 (UTAUT2) was
developed in response to the recognition that UTAUT did not fully capture the
consumer side of technology adoption and use. This model better reflects the consumer
context of technology adoption. It still retains the old predictors of UTAUT but added
the following: Hedonic Motivation (HM), Price Value (PV), and Habit (HT)
(Venkatesh et al., 2012).

The hedonic motivation (HM) is the pleasure or the excitement that the individual feels
when using the technology. From the consumer's perspective, this can be a significant
driver of technology (Venkatesh et al., 2012). Price Value (PV) highlights cost as a
major factor when it comes to the adoption of technology. It allows the model to
consider the perceived benefits of the technology and compare it to its monetary cost
(Venkatesh et al., 2012). Habit (HT) highlights the role of past behaviour and routine
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in the use of technologies. It describes how people naturally carry out certain actions
since they have previously learned them (Venkatesh et al., 2012).
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Figure 5. Visual representation of the UTAUT2 model (Venkatesh et al., 2012)

The additional constructs are affected as such: Age affects FC, HM, PV, and HT.
Gender affects FC, HM, PV, and HT. Experience affects PV and behavioural intention
(Venkatesh et al., 2012).

3.3 Diffusion of Innovations

How innovations, ideas, and new technologies diffuse throughout society has been
studied for a long time in various disciplines (Goss, 1979; Rogers, 1962). In 1962,
Everett M. Rogers developed a theory that investigates why, how, and how fast
innovations get spread around society. According to Rogers, innovation is a very
complex process as he presents the following elements: Innovation itself,
communication channels, time, and the social system. Furthermore, the theory
presented by Rogers also breaks down the innovation-decision process as well as the
characteristics of the innovations that affect their adoption. Lastly, it also classifies
people in a social system according to their innovativeness. This classification ranges
from innovators to laggards (Rogers, 1962).

3.3.1 Key elements of the Diffusion of Innovation

The following are the key elements of the diffusion of innovation according to Everett
Rogers in the 5th edition of Diffusion of Innovations published in 2003.

Innovation, the first element in Rogers’ theory of diffusion of innovation, is defined as
a new idea, practice, or object perceived as such by an individual or other unit of
adoption. The characteristics of innovation could greatly influence its adoption. These
characteristics can be divided into the following parts:
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Relative advantage is how much better an innovation appears to be than any other
alternative available for its potential adopter in terms of economic status, convenience,
satisfaction, and social prestige. Trialability refers to the extent to which the innovation
can be tested directly on a small-scale basis. For instance, mobile apps may have free
trials that allow users to try out their features before purchasing them, thus fostering
wider adoption, and reducing risks associated with them. Observability is the degree to
which the innovation itself or its outcomes can be observed by others who are
potentially willing to adopt it. If prospective adopters know nothing about the
innovation and do not see it being used by anybody else, they will not easily take it up
themselves. Compatibility is the degree of consistency between any existing value,
previous experiences, and user needs in which innovation is perceived. Innovations are
linked to other innovations based on their values as well as the experience potential
adopters might have had with them. This is why some innovations might be assessed
by possible adopters within technology clusters rather than singularly. Complexity is
the degree to which one considers an innovation being difficult to understand or use.
Complex and hard-to-use products are less likely to be adopted.

The second element in Rogers diffusion of innovation theory is the communication
channels. This refers to the means through which information about innovation is
transmitted to potential users. This component emphasizes how crucial both
interpersonal networks and mass media are for the diffusion of innovations. How
effective these channels are has a big impact on how fast the innovations diffuse into
society.

The third element is time, and according to Rogers, time is a critical factor in the
diffusion process. The time element of the diffusion of technologies can be described
as three sub-elements. The innovation-decision process is the first sub-element and can
be described as the time it takes an individual or another unit to move from the first
knowledge of an innovation to a decision. The relative speed of adoption is the second
sub-element and points to how quickly the innovation is taken up by members of a
social system and adopted after its introduction. Finally, there is the rate of adoption
across the social system. This sub-element looks at the pattern and speed at which
different segments of the social system embrace innovation. This rate of adoption can
often be depicted as an S-Curve with a slow start, rapid acceleration, and a plateau as
the innovation reaches saturation.

The fourth element, social system elements, describes the role of social structures in
the diffusion of innovation. It consists of the network of people and groups involved in
the adoption process and considers their norms, values, and practices.

3.3.2 The Innovation-Decision Process

Rogers (2003) described the innovation-decision process as “an information-seeking
and information-processing activity, where an individual is motivated to reduce
uncertainty about the advantages and disadvantages of an innovation”. This process
introduces the following steps: Stage (1) Knowledge, Stage (2) persuasion, Stage (3)
Decision, Stage (4) Implementation, and Stage (5) Confirmation. These steps typically
follow each other in sequence (Rogers, 2003).
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Figure 6. A Model of Five Stages in the Innovation-Decision Process (Rogers, 2003)

The Knowledge stage (1) is where an individual becomes aware of the fact that the
innovation exists and starts to seek information about the innovation to answer
questions such as “What”, “How”, and “Why” (Rogers, 2003). These questions form
the following three different types of knowledge:

Awareness-knowledge - This is the knowledge to which the individual learns that
innovation exists.

How-to-knowledge - This is the knowledge to which the individual learns how to use
the innovation correctly.

Principles-knowledge - This is the knowledge to which the individual understands how
and why the innovation works.

The Persuasion stage (2) is where the individual discovers the potential value of
adopting the innovation and explores its potential capabilities. In this stage, the
innovation must be perceived as useful by the individual. However, social
reinforcement from others, such as friends or colleagues, also affects the individual's
perspective of the innovation. It is also important to note that this attitude towards
innovation does not always lead directly to adoption or rejection (Rogers, 2003).

The Decision stage (3) determines whether the innovation will be adopted or rejected.
If the innovation has a trial function, it is generally adopted more quickly as the PEoU
is positively impacted (Socia, 2011). Even though this stage formally determines
whether an innovation will be adopted or rejected, the decision can occur at any point
in the innovation-decision process (Rogers, 2003).

The Implementation stage (4) is where the innovation is implemented. However, even
if the innovation is implemented, there can still be a degree of uncertainty at this stage.
Moreover, reinvention usually occurs in the implementation stage, where the
innovation is changed or modified by the user. The implementation stage is the last
stage positioned within the innovation-decision process.

The Confirmation stage (5) is where the innovation decision has already been made.
However, at this stage, the decision can still be reversed. Thus, the individual begins to
look for support regarding their choice to adopt. In this stage, discontinuance can also
occur in two different ways. Firstly, replacement discontinuance is when the innovation
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is rejected to adopt a better innovation, thereby replacing the first. Secondly,
disenchantment discontinuance occurs when the individual rejects the innovation
because they are not satisfied with its performance (Rogers, 2003).

3.3.3 Adopter Categories

To comprehend the innovation diffusion process it is important to understand the
diversity among the potential adopters (Rogers, 2003; Socia, 2011). Rogers (2003)
develops generalisations and categorises adopters into five different groups based on
the innovativeness of the individual. The innovativeness is explained by the degree to
which an individual adopts new ideas in regard to other members of a system by laying
off standard deviations (sd) from the average time of adoption (See Figure 7). These
five groups are as follows: Innovators, Early adopters, Early Majority, Late majority,
and Laggards (Rogers, 2003).

Innovators Early Early Late Laggards
h Adopters Majority Majority 16%
13,5% 34% 34%

X-2sd X-sd X X+sd

Figure 7. Adopter Categorization on the Basis of Innovativeness (Rogers, 2003)

Innovators: Venturesome

The innovators are defined as venturesome as they are the group which are most likely
to try and experience new ideas (Rogers, 2003). Thus, they are also prepared to manage
a high level of uncertainty about the innovation. The primary motivation for innovators
is the desire to be at the forefront of technology or new ideas. They are driven by the
thirst to explore new concepts and be pioneers in their social or professional circles.
The innovators are less affected by peer opinions and are more influenced by their own
personal interests and the potential they see in the innovation. These individuals must
also be willing to accept an occasional setback when a new idea proves unsuccessful.
This category of individuals is not respected by the other members of the local system.
However, they do hold a gatekeeping role in the flow of new ideas into the system
(Rogers, 2003).

Early Adopters: Respect

Early adopters are more integrated into the local system than innovators (Rogers, 2003).
This category is defined as opinion leaders, thus having a lot of influence regarding the
adoption of innovations. These individuals are the ones that potential adopters look to
for opinions about their potential adoption. The early adopters are motivated by a desire
to maintain their status as opinion leaders and influencers within their respective
communities. They are defined as respected role models for others and seek out
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innovations that offer both a competitive edge and stability. Thus, they have less
tolerance for uncertainty and failure than the innovator (Rogers, 2003).

Early Majority: Deliberate

New ideas are adopted by the early majority of a system just ahead of the average
member (Rogers, 2003). The early majority, like the early adopters, have good
interaction with other members of the social system however, they do not have the
leadership role that the early adopters have. The primary motivation for this category
is pragmatism. They need to see that the innovation has been tested and is worthy of
adoption by one of their more adventurous peers, often the early adopters (Rogers,
2003).

Late Majority: Skeptical

New ideas are adopted by the late majority of a system right after the average member
(Rogers, 2003). This category is defined as sceptical about the innovation and its
outcomes. The late majority often does not adopt before most others in their systems
have done so. The motivation for this category is economic necessity and peer pressure.
They only adopt once they feel that it is a necessity to maintain social and functional
parity with their peers. The late majority needs to feel assured of the innovations'
success and does not tolerate uncertainty or failure (Rogers, 2003).

Laggards: Traditional

The laggards, who possess almost no opinion leadership, adopt new ideas last (Rogers,
2003). The laggards have a very traditional view and are even more sceptical about new
ideas and innovations than the late majority. This category is motivated by a strong
resistance to change and a preference for the familiar. The adoption only reaches the
laggards once it has become so far integrated into society that it is no longer seen as
new. These individuals desire stability, reliance on past experiences, and is sceptical
toward the benefits of innovations (Rogers, 2003).

3.4 Hedonic, instrumental & symbolic values

Vandecasteele and Geuens (2010) identified three primary motivational aspects of
consumer innovativeness, including instrumental (practicality and functionality),
hedonic values (pursuit of pleasure or avoidance of discomfort), and symbolic
(expression of personal identity or social status). These three dimensions can help
understand the reasons why a consumer is drawn to innovations. Consumers will
primarily focus on the practicality of a product if they have instrumental motives to
adopt the product. Instrumental attributes are defined as functionality obtained from the
functions performed by new technologies (Dittmar,1992; Vossetal., 2003). Similarly,
individuals inclined towards hedonic innovation probably prioritise the emotional
experience, such as joy or pleasure derived from new technologies (Dittmar,1992;
Roehrich,2004; Vossetal.,2003). Symbolic innovativeness emphasises the symbolic
relating to the sense of self or social identity, reflected in acquiring new technologies
(Dittmar, 1992; Roehrich, 2004). Car ownership is commonly associated with
instrumental, hedonic, and symbolic attributes (Heffner et al., 2006; Bergstadetal.,
2011; Steg, 2005).
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3.5 ADKAR Model

The ADKAR Model, developed by Jeff Hiatt (2006), is a framework for managing and
facilitating change focusing on the individual. The theory behind the model is that
organisational transformation is not solely based on structural adjustment but rather on
the collective output of behavioural change among individuals. The framework further
describes that meaningful and lasting organisational transformation can only be
obtained through the personal development of its members. The model is designed as a
sequential process, creating the acronym ADKAR, Awareness, Desire, Knowledge,
Ability, and Reinforcement, with each component representing requirements for an
individual to navigate through behavioural change successfully (Hiatt, 2006).

Awareness

The first step in enabling change is to understand its nature, why it should be
implemented, and the risk of not changing. This includes investigating what internal
and external drivers are present and what the individual's benefit could be (Hiatt, 2006).

The communication of the organisation's needs with clear reasoning as to why a change
is necessary is highly important (Hiatt, 2006). If not communicated adequately, the risk
of questioning the decision increases, and the concerned parties might think they’ve
done wrong before, which is not necessarily true. At the same time, some managers
argue that their employees are compensated for performing a job and questioning or
understanding the reason behind this falls outside the employee’s responsibility.
Organisations' optimal degree of control is different and highly dependent on the
circumstances. For instance, the degree of control is and should be high in military
applications or firefighting scenarios. Trusting the chain of command without
questioning is vital since time efficiency is of the essence. In a more innovative setting
or high-performing workplace, control is less prioritised, and fully understanding the
change for improvement is a prerequisite. The information age allows anyone to
educate themselves, and it is easier than ever to construct own opinions. Thus, the risk
of resistance increases if the change is not thoroughly motivated. Implementing a
change for the general public is the greatest challenge since the amount of control and
communication is highly limited. A good example with no direct control over the
audience is Graz, Austria, where a campaign was launched to increase awareness of car
emissions. City officials introduced a special sticker for vehicles with low emissions,
which entitled them to reduced parking fees and thereby incentivised purchases of these
cars. Beyond the financial benefit of the parking discount, lower-emission cars were
easily recognised, which fostered public awareness about emissions and highlighted
which cars could be bought to contribute to environmental solutions (Hiatt, 2006).

Hiatt (2006) identifies several factors that influence the process of creating awareness
of a change for an individual. Acceptance of the need for change is highly dependent
on how the individual views the current situation. Those attached to the current way
may reject or doubt the reasons for change, underscoring the importance of an
individual's mindset on both the recognition of the need for change and the approach to
problem-solving. While some individuals may anticipate changes in advance, others
might find themselves caught off guard, struggling to adapt to new realities. The
effectiveness of communicating the change is of high importance and is affected by the
trustworthiness of the messenger and the historical success of change implementation.
Another considerable challenge when raising awareness about the necessity of change
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is misinformed rumours or entirely false information. In many cases, the challenge is
not only rooted in giving out correct information but also in rectifying misconceptions
that are already present. Furthermore, is the reason behind a change and where it comes
from of high importance with regards to the level of acceptance and recognition it
receives. It is easier to raise awareness for change when externally observable factors
drive it. Changes based on internal factors or controversial reasons face more obstacles
in gaining recognition (Hiatt, 2006).

Desire
To foster the willingness to participate and support the change, consider personal choice
with unique intrinsic motivators to match the nature of the change (Hiatt, 2006).

According to Hiatt (2006), desire represents motivation for choosing to participate and
support the change. It is different from the first step, awareness because regardless of
how aware someone is of a problem, it is ultimately their choice to act. Creating
awareness is a prerequisite for people to start evaluating the change, but desire is, by
definition, not under someone else's direct control. For instance, employees of an
organisation can be aware of changes in protocols, procedures or new technologies, but
they cannot force them to be supportive of the change. A regular mistake managers
make is to assume that creating awareness of a change automatically generates a desire.
To effectively create desire, it is important to consider the nature of the change and how
it will benefit the individual personally. The individual’s view of the organisation and
how the environment that is fostering the change is designed, together with the
individual’s own circumstances. Furthermore, it is important to figure out what drives
the individual, such as their belief in their ability to successfully implement the change
(Hiatt, 2006).

Knowledge

Training and education are needed to know the necessary information about
implementing the change, including processes, techniques, and behavioural aspects
(Hiatt, 2006).

Knowledge is the next step for realising the change after the person has the awareness
and desire to participate in and support the change (Hiatt, 2006). Depending on the type
of change, some people may already have enough knowledge from experiences or
education, whereas others may not. The probability of implementing a change
successfully is directly affected by the possible gap between the current knowledge and
the required knowledge. Another aspect is the individual’s capacity to learn. Some of
us can easily pick up new information, while others require more effort and time. The
individual’s ability to attain knowledge is also highly dependent on the type of
knowledge; some find memorising information to be easy, while others find difficulties
in learning technical skills, and vice versa. Some learn more easily from a textbook,
whereas others prefer practical examples by instructors, which presents the third
important factor for the knowledge step, to have the necessary resources available to
provide education and training, which varies a lot between organisations. Some
knowledge is hard to get access to, especially recent advances in research. The
accessibility to knowledge is also dependent on geographical location; some areas of
the world have limited educational institutions and experts in the field, or there is
simply no internet connectivity. Knowledge is an essential step towards change, both
for the individual and the organisation as a whole. The understanding of how to change
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can, in some cases, be a simple process, whereas it may require a transformation for
others. One assumption often made for this step in the ADKAR model is that
knowledge automatically leads to ability, which is wrong. Knowing how to do
something is not necessarily the same thing as being able to do something (Hiatt, 2006).

Several factors determine an individual’s ability to acquire new knowledge to
implement a change. These factors include the individual’s current knowledge, their
ability to acquire new information, the resources available for training and education,
the presence of the required knowledge, and the availability to access it (Hiatt, 2006).

Ability

The required skills are to implement the change and turn the knowledge into action. It
is the ability of a group or a person to realise the change at the required performance
level (Hiatt, 2006).

According to Boca (2013), the ability element of the ADKAR model is the difference
between the theory attained and the necessary practice to implement the change. To
ensure the change is implemented effectively, the individual needs to know how to
change and be given enough time with adequate practice. Apart from the time and
practice aspect, support plays a vital role in coaching and feedback to fulfil the ability
element (Boca, 2013).

Reinforcement
The internal and external factors that sustain change over time involve recognition with
rewards or celebrations and positive feedback (Hiatt, 2006).

Reinforcement is an essential component to consider to avoid falling back into old
habits and ways of thinking after the change has been implemented (Hiatt, 2006).
Reinforcement or corrective actions are necessary to ensure that individuals do not
revert to old ways (Hiatt, 2006). Reinforcement can be utilised in various ways, with
positive feedback, measuring performance, simple recognition, or internal
reinforcement based on satisfaction with the achievement of the work the individual
has put in (Hiatt, 2006). If the reinforcement seems ineffective in coping with the
change in the individual’s habits or ways of thinking, corrective actions may sometimes
be necessary (Boca, 2013; Paramitha et al., 2020).
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Summary of Theory

The theory section begins by discussing the need for a robust charging infrastructure to
support the growing electric car industry. The theory addresses challenges such as
limited range, long charging times and lack of charging stations. Furthermore, it also
explains how improvements in battery technology have increased the range of electric
cars and lowered costs. Despite these advances, issues such as high prices, limited
infrastructure, longer charging times and performance in extreme weather conditions
remain, preventing wider adoption. For electric taxis, the need for frequent charging
and strategic placement of charging stations was highlighted. Additionally, the
potential of wireless charging is discussed, offering contactless convenience but facing
a wide variety of challenges. Addressing these challenges is critical to promoting wider
adoption. To analyse the challenges or barriers to wireless charging and electric taxis,
technology acceptance models are presented. The TAM model is introduced to evaluate
the various factors affecting the acceptance of new technologies. The model suggests
that the usage of the wireless charging and electric taxis will be determined by the
behavioural intention to use the application, looking at factors such as external
variables, PU, PEoU, attitude toward using, behavioural intention to use, and actual
system use. Partly built upon insights from the TAM model is the UTAUT framework,
which combines insights from previous research to provide a comprehensive
understanding of how people adopt and use technology. The framework presents
constructs on which the likelihood of successful adoption of a technology is highly
dependent. Connected to these constructs are demographics, which enables an analysis
of how the chosen demographics experience the constructs. In 2012, UTAUT2 was
developed in response to the recognition that UTAUT did not fully capture the
consumer side of the adoption and use of technology. The new model retains the old
factors but adds more to gain a more representative view of the consumer side. The
focus is shifted to the diffusion of innovations to understand how innovations, ideas,
and new technologies diffuse throughout society. Presented in this chapter are the key
elements of the diffusion of innovation, which are the innovation itself, communication
channels, time, and social structures. A part of the diffusion of innovation is the
innovation-decision process. This is explained as an information-seeking and
information-processing activity where an individual is motivated to reduce uncertainty
about the advantages and disadvantages of an innovation. In the innovation-decision
process, the following stages are introduced: knowledge stage, persuasion stage,
decision stage, implementation stage, and confirmation stage. In the diffusion process,
individuals can be divided into five different groups based on the innovativeness of the
individual. Innovativeness is explained by the degree to which an individual adopts new
ideas in regards to other members of a system. The groups are innovators, early
adopters, early majority, late majority, and laggards. Additionally, the three primary
motivational aspects of consumer innovativeness are explored: hedonic, instrumental,
and symbolic values. Lastly, the ADKAR model is presented as a framework for
managing and facilitating change with a focus on the individual. The model is designed
as a sequential process creating the acronym ADKAR: Awareness, Desire, Knowledge,
Ability, and Reinforcement, with each component representing requirements for an
individual to navigate through behavioural change successfully, which is important to
consider when adopting new technology.
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Charging Infrastructure

-Limited availability of charging infrastructure
sComplexity of location

*Power grid

Electric Vehicle

-Limited battery capacity

sLong charging times

«Purchase cost
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sUncertainty regarding the reliability

Electric Taxis

*Frequency of charging needs
*Real-time demand

*Demand from long-distance trips

Wireless Charging Taxi
*Behavioural and perceptual issues
*Economic barriers

«Technical limitations

*Operational challenges

Figure 8. Hllustrative funnel presenting identified barriers from previous literature
(own illustration).
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4 Empirical findings

This section presents the empirical findings from interviews conducted with taxi drivers
using wireless charging technology, insights from the Gothenburg Green City Zone
project, and data collected throughout the project's lifetime.

4.1 Demographics of Wireless Charging Taxi Drivers

This section presents the demographic characteristics of the study sample. The data is
summarized in four key areas: age distribution, gender distribution, housing situation,
and education level.

Age Gender

m 40-49 -
m 50-59 & Man
m 60-69 m Woman
H 70+
Housing Situation Education
m None / Elementary
B Apartment school
5;25% 7; .
) e m High School
m House 8; 40%

H University

Figure 9. Demographics of the interviewees

The age distribution of the participants reveals that the largest age group is 40-49 years,
comprising 45% (9 individuals) of the sample. This is followed by the 50-59 years age
group, representing 40% (8 individuals). Participants aged 60-69 years account for 10%
(2 individuals), and those aged 70 and above constitute the smallest group at 5% (1
individual). The gender distribution is predominantly male, with men making up 95%
(19 individuals) of the sample, while women represent only 5% (1 individual.
Regarding housing situation, 65% (13 individuals) live in apartments, whereas 35% (7
individuals) live in houses. The educational background of the respondents is varied,
35% (7 individuals) has completed elementary school or has no educational background
at all, 40% (8 individuals) has completed high school and 25% (5 individuals) has a
university degree. These demographic insights provide an understanding of the variety
of the sample.
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4.2 Interviews with Wireless Charging Taxi Drivers
What type of power source did your previous vehicle have?

Power source before Wireless

Ml Diesel

m Hybrid

m Gasolin

W Electric Vehicle

Figure 10. Previous Power Source of the Respondent's Vehicle
The previous power source of the respondents’ vehicle is different for the sample. 60%
(12 individuals) of the sample drove a diesel-powered car before, 20% (4 individuals)
drove a gasoline car before, 10% (2 individuals) drove a hybrid car before and 10% (2
individuals) drove an EV before.

How many kilometres do you typically drive per day?

Estimation of average Kilometers

per day
3:15%|
) W <250
m 250-350
m 350-450

m >500

Figure 11. Estimated average kilometres travelled per day for the respondents
15% (3 individuals) estimated their daily distance driven to be less than 250km. The
majority, 65% (13 individuals) estimated their daily distance driven between 250-350
km. 10% (2 individuals) estimated their daily distance driven to between 350 to 450
km and 10% (2 individuals) estimated their daily distance driven to more than 500 km.
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How often do you use the wireless chargers?

Percentage of Wireless Weekly Charging
Activity Since the Vehicle's first charge
(100% = every week)
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Figure 12. Percentage of Wireless Weekly Charging Activity Since the Vehicle's first
charge
(100% = charging every week)

The graph above shows the continuity of the vehicle’s charging pattern, which has been
expressed as weekly charging activity since its first wireless charging session. For
instance, “XC40 12" charged at least once per week 96% of the weeks since the vehicle
started charging. Some discrepancies were found between the answers in the interviews
and the quantitative data, but overall, the results were truthful. One respondent claimed
to charge their vehicle two to three times per week but actually charged it less than 30%
of the weeks during the vehicle’s active time. However, this graph does not account for
the number or duration of charging sessions. A respondent could have charged much
more in some weeks and not at all in others. This is because, regardless of the frequency
or duration of charging sessions within a week, it is counted as one week of charging
activity.

Where do you usually charge — at home, at public stations, or somewhere else?
All interviewees prefer to charge their vehicles at home if the opportunity exists,
emphasizing the convenience and accessibility of home charging. When additional
charging is needed or when home charging is not sufficient, public charging stations
are used to either supplement the battery level or compensate for the lack of charging
at home. Thus, home charging is the primary option, while public stations serve as
complementary solutions to meet the various charging needs of electric car owners.
Furthermore, interviewees with access to home charging show a lower frequency of
charging, usually only once or at most twice per day at public charging stations. On the
other hand, drivers without access to home charging, charging sometimes takes place
up to four times per day at public charging stations.
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“I usually charge at home, and then I charge once if needed at a public station just to
be sure that I can get through the day.”

“Depending upon how much energy | have left, | either go to a fast charger in the
morning and get full battery before the day begins, or I go on with my day and hope
that | get the time to charge in-between customers.”

Do you prefer to charge overnight at home or at public stations?
All the respondents stated that they prefer to charge at home overnight if they have that
possibility.

Are you the owner of the taxi, or is it owned by the company?

Are you the owner of the car?

HYes
® No

14;70%

Figure 13. Overview of ownership of the vehicle
70% (14 individuals) stated that they were the owners of the car they were driving and
30% (6 individuals) stated that they did not own their car they were driving.

Who bears the cost of operations — you as the driver or the taxi company?

In the interviews, it emerged that all the drivers who did not own the taxi did not bear
the cost of charging or purchasing the car. During the discussion, several of the
interviewees expressed a general opinion that the purchase cost of electric cars is too
high compared to ICE vehicles. Despite this perception, they noted that the price they
were offered for this specific vehicle was very good, as they received a discount in the
context of the wireless charging project.

"If it wasn't for the discount from this project, | wouldn't have bought an electric car.
The price was just too high for me otherwise."

Would you use wireless charging more if the power was higher? Would 75 kW be
sufficient?
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Charging more if 75kW?

HYes

Figure 14. Charging power acceptance of 75 kW

70% (14 individuals) stated that they would use the wireless charging stations more if
the charging power was increased to 75 kW. 30% (6 individuals) stated that they would
not charge more if the power was increased to 75 kW. Almost all the respondents
pointed out that it took a lot of time to charge wirelessly, not being as quick as fast
chargers. A few of them who did not think 75kW would be sufficient thought 100 kW
would be enough, practically cutting the current charging time in half.

What is most important to you, the availability of charging stations, the speed of
charging, or the cost of charging?

Priority of Charging Cost, Speed & Availability

Cost

Speed

Availability

0% 10% 20% 30% 40% 50% G0% 70% 80% 90% 100%

B Priority 1 M Priority2 ™ Priority 3

Figure 15. Priority of cost, speed, and availability of charging stations

Six respondents prioritised cost as the most important factor, two ranked it as the second
most important, and 12 placed it last. Six respondents considered charging power the
most important factor, eight ranked it second, and six placed it last. Eight respondents
prioritised availability as the most important factor, 11 ranked it second, and one placed
it last.



Some interviewees thought that the availability of charging stations is an important
factor, especially in the areas where they usually have their regular routes. For some,
this was the most important factor, and it was only picked once as the last priority as it
directly affected their daily logistics route. The charging power was the second most
prioritised. Some interviewees argued that high power charging stations enables the
drivers to streamline their use of the car, thus reducing waiting times and increasing
overall convenience. The cost aspect was also central for many of the interviewees, and
some interviewees argued that the high charging costs could undermine the fuel cost
benefits of choosing an electric car, making the pricing structure of charging a deciding
factor.

"Availability of charging stations is critical for my routes, it's the most important
factor for me. High charging costs are a concern, but they won't deter me if the
station locations fit well with my daily logistics."

Despite higher costs, some drivers participating in the experimental project express a
certain level of acceptance towards the expenses associated with wireless charging. One
driver articulated their viewpoint by stating the following.

"After all, we entered into an agreement when we bought the cars and it suits me, |
don't care if it gets a little more expensive, | take it as a break."

This reflects a tolerance for the additional cost in exchange for the benefits provided by
the project, such as convenience and the opportunity to support new technology.
Respondents said that if the charging station was closer to the driver's home, the
charging power would not matter as much. There was an understanding that drivers
who had no home charging possibilities would be more inclined to use fast chargers at
the start and end of their driving shift. Many interviewees expressed a need for
conveniently placed fast chargers, especially during peak hours.

“When driving a taxi during peak hours, faster chargers at convenient places are of
high importance since losing time when charging results in fewer customer rides.”

"If the charging station is close to my home, | don't worry too much about how fast it
charges. But without home charging, | rely on fast chargers at the start and end of my
shifts, especially during peak hours when time is money.”

Some respondents stated that at the beginning of the project, it was much harder to find
charging stations but that it has become gradually easier, some with the explanation
that it is because of better awareness of where to find them and some said that it was
because of the increase in charging points. Also, since not all drivers are owning the
vehicle, some respondents stated that if they were owners and paid for the charge, they
would think more about the cost.

How do you balance these factors in your daily work?

Many of the interviewees mentioned that they use some kind of strategic planning to
balance the factors of availability, effect, and costs. Some of the respondents answered
that they are charging while they are waiting for customers. Since it is often a physical
or digital queue for getting the passengers, they could get notified beforehand and
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decide on how long they might be able to charge. The reality of their daily work can
often lead to spontaneous charging decisions. One driver described the reactive nature
of their charging habits as below.

"I drive so much that as soon as | get a chance, wherever | am, | charge the car."”

However, the drivers often plan their routes based on where they know available
charging stations with enough power and low enough costs are placed, taking all of the
factors into account. One driver illustrated a proactive approach to integrating charging
into daily work routines.

"I do my morning shift and then I plan so that | end up at Sahlgrenska and stand and
charge, | don't get upset that it takes an hour to charge because then | eat breakfast
and take a walk while it charges, then | get the next trip and depending on where the
next trip goes, | either go back and charge wirelessly. If it's a long trip outside of
Gothenburg, | charge where it's available."

This strategy demonstrates how drivers can effectively manage their time and resources
by aligning charging times with breaks or less busy periods, turning a potential
inconvenience into an opportunity for personal downtime or preparation for the next
segment of their shift. A few of the interviewees tend to prioritise different factors
according to specific needs that they have at a specific time. For example, on days with
high activity and lots of driving, speed of charging takes precedence, while cost is a
more prioritised factor during less intensive periods. Some emphasised that the balance
between the factors often involves compromises. Choosing the most available charging
station may not always mean the fastest charging or the cheapest costs. The choices are
adjusted based on a trade-off between the factors, depending on their immediate needs
and financial considerations.

"On busy days, | prioritise charging speed to keep moving, but on slower days, cost
becomes more important. It's always a balance, and sometimes you compromise on
speed or cost based on what's available."

Furthermore, a few interviewees said they made great use of technology, such as apps,
to determine the lowest cost and charging times. However, they mentioned that not all
knew how to do this.

How many times a day do you charge, how long, and at what speed?

Most interviewees charge their vehicles at least once per day, with some needing to
charge two to three times depending on their daily mileage, work patterns, and,
especially, if they have overnight charging possibilities. The charging sessions varied
among respondents, ranging from one to three times in a full working shift for 30-45
minutes each. Some mentioned shorter sessions of around 10-20 minutes for fast
charging. A few interviewees mentioned that the charging time is adjusted according
to needs and available charging options during the day.

“Charging time can vary; I might do a quick 10-20 minute fast charge, or a longer

session if I'm using a slower station. It really depends on what my day looks like and
what options are available.”
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Furthermore, the speed of charging also varied. Some preferred fast charging (150kW)
to minimise interruptions in the working day, while others used wireless charging
(50kW) or slow charging (11kW) when time allowed. The choice of charging speed
reflected a balance between the need for rapid battery replenishment and available
charging options at different locations.

What do you mostly use for fast charging (150 kW), slow charging (11 kW), or
wireless charging (50 kW)? Why?

Most of the interviewees prefer fast charging (150kW). According to them, it is mainly
due to its efficiency and timesaving. For those who have tightly scheduled working
days or need to quickly top up the battery to continue their daily routes, fast charging
offers a practical solution. According to the interviewees, the choice is motivated by
the need to minimise downtime and maximise the time they can be active on the roads.

"Personally, | lean towards fast charging because it's all about efficiency and saving
time for me. But | know some folks prefer slower charging, maybe to save costs or to
be gentler on the battery. It's all about finding what works best for your own needs."

For those interviewed who have access to overnight charging at home or at work or
those who can plan their drives so that longer charging stops are feasible, slow charging
(11kW) is sometimes preferred. According to the interviewees, this choice is guided by
the lower cost compared to fast charging and the less stress on the battery. Some
interviewees say that they appreciate the convenience of not having to deal with cables.
When it comes to charging wireless (50kW), some interviewees also perceive the 50
kW as sufficient for daily use, especially when they enter the workday with a fully
charged vehicle and just have to charge small amounts to have enough power for the
whole day. When discussing their charging routine, a few interviewees highlighted their
reliance on the various charging options and their specific use.

"I charge at home every night, wirelessly in Gothenburg for comfort, and complement
with fast charging to top up the battery when needed."

What do you prefer in terms of capacity for slow and fast charging? Please share
your experiences with 11 kW, 50 kW, and 150 kW chargers.

Slow charging is appreciated by those who prioritise cost efficiency and battery health
over speed. Many interviewees appreciate the possibility of being able to charge
overnight at home or for longer periods when the car is not in use. The charging time
is longer; however, it is not seen as an obstacle for those who have adapted their use to
this format. Some expressed appreciation for the 50kW option, which balances speed
and convenience. Some expressed appreciation for the 50kW option, which balances
speed and convenience. Although it does not offer the same speed as dedicated fast
chargers, users appreciate the convenience and less wear and tear on the battery
compared to higher capacity. However, the answers differed, with some emphasising
that the time it takes to charge a car at 50kW is too significant compared to what they
are used to with ICE vehicles.

“I find the 50kW option appealing as it strikes a balance between speed and

convenience. While it may not be as fast as dedicated fast chargers, the convenience
and reduced wear on the battery usually make it a favourable choice for me."”
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“S0kW takes a very long time to recharge the battery compared to refuelling in seven
minutes with a petrol or diesel car.”

“For me, fast charging is essential because it saves time and keeps me on the road.
Despite the potential higher cost and impact on the battery, | prioritise the
convenience of quickly topping up my battery to maintain productivity throughout the
day.”

Moreover, the responses show a clear preference for different charging types based on
individual circumstances and needs. While some value cost efficiency and battery
health by using slow chargers, others prefer the time efficiency that fast chargers offer

and 50kW seems to offer a compromise for those seeking a balance between these
factors.

Do you have access to home charging, and how does this affect your choice of
charging locations during work?

Home charging possibilities

HYes
m No

13,65%

Figure 16. Percentage of interviewees able to charge at home.
35% (7 individuals) stated that they had home charging access, and 65% (13
individuals) stated that they did not. A minority of drivers have access to home
charging. These individuals tend to start the day with a fully charged car and thus feel
less need to use fast-charging (150 kW) public stations during the working day. Home
charging is seen as a convenience that offers both financial and operational benefits.
One driver clearly articulated the advantages of this setup.

"l always have a full battery in the morning when | start the session. This practice
not only ensures that | am prepared for the day's demands but also reduces the
urgency to find public charging stations.”

"When I didn’t have access to home charging, I had to rely on public stations. I had

to plan my routes meticulously, prioritizing locations where | could charge. But when
I got access to a charger at home, it was different. Now, I have more flexibility and
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can use public stations mainly for longer trips or special situations. It's clear that
having home charging changes how I plan my days."

Where in the city are the most convenient places to charge?

Many interviewees stated that charging stations along their normal routes were
particularly valuable. This was motivated by the fact that they can charge the car in
sudden downtimes, which minimises any interruptions to their workflow. Furthermore,
charging stations in or near their residential areas are particularly important for those
who do not have access to home charging.

Where would additional charging stations be most beneficial for you?

Many interviewees expressed a need for more charging stations in the city centre and
business districts where most of the taxi business is concentrated. According to them,
this would allow drivers to recharge between trips without leaving areas with high
demand for taxi services. Yet, the practical placement of these charging stations is
crucial. One driver highlighted a common misplacement issue that could act as a
significant barrier.

"If you are going to put out more charging stations, then keep in mind that it is no
idea to have a charging station in a hotel for example, it is madness! Because | mean
if you come in there and stand in line, how long do you stand there waiting for a
customer, you don't even have time to get 5%."

A popular response was the airport “Landvetter”. The respondents further explained
that optimal charging points are not necessary on the same street as the customers are
picked up, but in the nearby area. According to some interviewees, being able to charge
at the airport would mean that drivers can maximise their working hours by avoiding
long journeys to distant charging stations. Additional charging stations in these
residential areas would be very valuable for drivers living in areas where the charging
infrastructure is limited.
“It would facilitate the start and end of the working day for those who do not have the
opportunity to charge at home. *

Specific suburban areas such as “Angered”, “Bergsjon”, “Gamlestaden”, “Kortedala”,
and “Hammarkullen” were highlighted as areas where the need for more charging
stations is particularly acute due to a combination of high taxi traffic and a lack of
current infrastructure.

How does the need to respond to customer demands in real-time affect your choice
of different types of charging stations? For example, fast charging and slow
charging, whether they are private or public?

Many drivers emphasised the importance of fast charging stations to minimise the time
the car is stationary. Fast charging is essential to returning to work as quickly as
possible, especially during peak periods when the demand for taxi services increases.
This facilitates a quick response to customer inquiries without long interruptions.

"In the hustle of peak hours, fast charging can be a lifeline, it's all about minimising
downtime to meet customer demands promptly"
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The interviewees plan their charging stops strategically based on expected customer
needs and traffic flows. They can use fast chargers at specific times of the day when a
quick return to work is critical and rely on slow charging (if available) when customer
demand is lower. The location of the charging station plays a big role. Stations near
areas with high demand for taxi services or along regular routes are preferred.

“It's not just about speed, location matters too. Stations strategically placed along
our routes or in high-demand areas keep us on the road and ready for customers."

This means that taxi drivers can charge their vehicles without deviating too much from
their regular routes or areas where they are most likely to receive customer requests.

“When the pace slows down, I become open to slower options like wireless charging
or overnight charging to keep our batteries healthy,"

This strikes a balance between maintaining battery health and ensuring availability for
work. The choice between public and private charging stations is often influenced by
cost, availability and charging time. Private stations may offer benefits such as better
prices or reserved charging spots for taxi drivers, while public stations provide wider
accessibility across the city. The taxi drivers' choice of charging stations was usually a
dynamic process that balances the need for quick return to work with factors such as
charging station location, cost, and the expected demand for taxi services. Being able
to quickly respond to customer requirements is at the centre of their strategic
considerations regarding charging.

Does your charging behaviour change between summer and winter or between
good and bad weather conditions?

Many of the interviewees confirmed that their charging behaviour varies between
summer and winter. During the winter, when energy consumption increases due to
higher air density and energy demand increases for heating the compartment, drivers
reported needing to charge more frequently to compensate for the reduced range.

"During those colder months, it's like a race against time, we've got to charge more
often to make up for the shorter range caused by the lower temperatures.”

Summer was considered less problematic, with a longer range and less frequent need
for charging. Bad weather, such as rain, snow and ice, also affects the charging
behaviour, especially for the wireless station since it is stated to be even harder than it
currently is to align the vehicle on top of the charging pad when the markings are hard
to see. The drivers indicated that the charging station located at Lindholmen was
specifically hard to align since it was located in a curve. Some drivers also indicated
that they preferred to use charging stations with sheltered areas during bad weather
conditions to avoid discomfort.

"Trying to align your vehicle perfectly on that charging pad in the snow or rain can
be a real challenge. But it does not matter to me, | prefer to seek out stations with
sheltered areas during bad weather anyways."

“It can be a headache to align and connect to the wireless chargers, especially on
Lindholmen with that curve, one time I tried 10 times before I was successful.”
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In addition, the cold of winter can require longer charging times, which affects their
workflow. To cope with these variations, the interviewees adapt their charging
behaviour, plan their charging stops more carefully during the winter and consider
potentially increased use of fast charging stations to minimize time loss. Some drivers
also mentioned that they are more careful about maintaining a higher battery level
during the winter to avoid the risk of being stranded due to unexpected battery losses,
which is less of a concern during the summer months.

"Longer charging times in the cold can really throw a wrench into my schedule.
That's why | plan my stops more carefully and might rely more on fast chargers to
stay on track.”

The responses show that taxi drivers' charging behaviour is significantly adjusted based
on season and weather conditions, with particular attention to the challenges that cold
and bad weather bring with it in terms of reduced battery performance and potential
increase in demand for taxi services.

How do you feel about the cost of electricity at wireless chargers?

A significant proportion of those interviewed expressed concern about the cost of
charging at wireless charging stations. They often compared the cost of wireless
charging to traditional charging methods and emphasised the importance of keeping
operating costs low to maintain taxi business profitability. Some drivers acknowledged
that while the cost of wireless charging can be higher than alternative charging methods,
this is sometimes outweighed by the convenience of wireless charging. This group felt
that the extra cost could be justified by the benefits of not having to deal with cables
and the easier charging process. Almost all drivers expressed a desire for lower costs
for wireless charging. They called for more competitive pricing to make wireless
charging more appealing and economically feasible as a primary charging method for
taxis. According to the majority of interviewees, reducing the costs could increase the
acceptance and use of wireless charging among taxi drivers. One of the interviewees
explained the pricing question as such.

“The price is okay, it would have been smart to have the same price as I have with my
home charger (around SEK 2-2.5), then I think more people would have charged. But
that's not good for me, then | would have had to queue to charge. Therefore, it is a
good and right price, however, there would be a higher utilisation if it was lower
priced.”

What do you think is an optimal charging time?

Many drivers expressed a desire for fast charging times, with an ideal span of 20 to 30
minutes. This time frame is seen as sufficient to effectively restore a large part of the
battery capacity without causing excessive interruptions to the working day. At the
same time, there is an awareness that charging too quickly can negatively affect the
battery's health. Optimum charging time was therefore balanced, taking into account
both the need to quickly return to work and to maintain battery life and performance
over time. There was also a desire for flexibility in charging times based on different
scenarios. For longer breaks or overnight, a longer charging time would be acceptable,
while fast charging was preferred when time was a critical factor. The interviewees
prefer a charging time that offers a practical balance between quickly restoring the
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battery's capacity to continue the working day and preserving the battery's health in the
long term. A charging time of 20 to 30 minutes is often cited as ideal, but there is an
understanding that different situations may require different charging times.

"Around 20 minutes hit the mark — it's enough to get us back on the road without
sacrificing too much time.”

How important are environmental considerations in your choice of an electric
vehicle over a traditional gasoline- or diesel-powered vehicle?

Environmental consideration

W Yes
m No

B Modest

Figure 17. Percentage of interviewees considering the environment as a factor for
transitioning to EVs

40% of the interviewees stated that they did not take the environmental aspect into
consideration at all when they joined the project and bought the EV. 20% of the
interviewees stated that they considered the environmental aspect of EVs but it was not
significant in their decision to buy an EV. 40% of the interviewees emphasised that
environmental considerations were a big part of their decision to choose an electric car
and some believed that the higher initial cost was justified due to the reduced
environmental impact. For some, the decision to drive an electric car is also linked to a
professional image. One respondent stated that they of course thought about the
environmental aspect when they purchased the car and further explained that they were
proud of driving an EV.

“Although I'm not an environmentalist, idling for 20 minutes while waiting for a
customer would be embarrassing with a traditional car. Now, with an electric vehicle,
I can wait as long as needed without any concerns about pollution or wasting fuel.”

“The price of electric vehicles is higher, but for me, it is worth it because it helps the
environment.”’

Can you compare your driving experience between an electric vehicle and a
traditional vehicle?
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An overwhelming majority of drivers reported a positive driving experience with
electric cars compared to traditional vehicles. They especially appreciated the quietness
and smooth ride, which made for a more pleasant and less stressful working day.
moreover, many drivers emphasise the superior performance of electric cars, especially
when it comes to acceleration. They described how electric cars offer an immediate
response without delay, which they found beneficial in city traffic and when overtaking.
Furthermore, a sense of pride could be seen from a few of the drivers, both to be a part
of a pioneering project and drive electric cars, wearing it like a status symbol.

"Electric cars have totally changed the driving experience they're quiet, smooth, and
have great acceleration, especially handy in city traffic.”

“I am proud of my car, it’s good-looking and also good for the environment”

Economic aspects were also part of the comparison, with drivers citing lower running
costs for electric cars due to less maintenance and lower energy costs compared to the
cost of petrol or diesel. Despite the many benefits, a majority of drivers directly cited
range anxiety as a challenge with electric cars. They pointed out that the need to plan
runs and charging stops more carefully can be a disadvantage compared to traditional
vehicles, especially during long working days or in areas with limited charging
infrastructure.

"Driving an electric car is like driving with anxiety, similar to driving on an empty
tank."

)

“One big drawback is the battery capacity, which only lasts 300 kilometres.’

Furthermore, some interviewees said that they used to take long-distance trips when
driving a traditional ICE vehicle. However, now when driving an EV they stay away
from taking on long-distance trips where they would have to stop and charge, partially
because of the fact that they don't want to recharge with a customer in the car. But also
because of the fact that they are not certain that the infrastructure is sufficient in the
areas, they might have to travel to.

“Long trips were no issue with my old car, but now, I steer clear with my electric
vehicle. Recharging with passengers onboard can be a little embarrassing, and I'm
not always confident in the availability of charging spots in remote places.”

How has your charging behaviour changed since the start of the project?

Many drivers reported increased planning and awareness around charging. They have
become more strategic in when and where they charge their vehicles to maximise
efficiency and minimise time away from driving. This includes choosing the right
charging station based on location, availability and charging time.

"Difficult to find charging stations, knowledge is too little about how to find easily,
there are older people who do not have the opportunity to search for charging in the
apps, gets dizzy."

Furthermore, the experience of driving an electric car for a longer period of time has
helped drivers gain a better understanding of their vehicles' range and how various
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factors, such as temperature and driving style, affect it. This knowledge has enabled
them to optimise their driving and charging strategy. The drivers have adapted to the
electric cars' unique characteristics and limitations. For example, they have learned to
manage range anxiety and integrate regular charging stops into their daily routines,
which has reduced the stress of finding charging stations at the last minute. The
availability of charging stations has increased a lot since the start of the project. For
many, initial uncertainty and scepticism have been replaced with increased confidence
in electric car technology and charging infrastructure.

"This was the first electric vehicle I had. I got stuck when | took a long drive at the
beginning of the project, but over time, | have learned a lot. Now, | only go for short
drives; finding charging spots used to be harder, but now it's much more accessible
because we have charging stations everywhere. Before, you had to travel further to
find a charging station. I'm better at mapping and planning based on price and
functionality now compared to early in the project.”

Do you think others feel the same way as you do? What do you think others think?
Many drivers believe that their colleagues share their views, especially when it comes
to the positive aspects of driving an electric car, such as lower variable costs, less
environmental impact, and an overall more pleasant driving experience. They point to
a common appreciation within the taxi industry for the benefits that electric cars bring.
At the same time, some drivers admit that there is variation in how quickly different
drivers adopt electric cars. They suggest that some colleagues may be more sceptical
of the change, either because of range anxiety, costs of initial investment, or concerns
about the reliability of the car and charging infrastructure.

What have we missed with our questions?

Drivers emphasized the importance of maintaining effective communication and
cooperation concerning the technical support and maintenance of their electric cars.
They highlighted the necessity for a quick and efficient response to technical issues and
maintenance requirements, noting that this rapid response is crucial for minimizing
downtime and ensuring they can swiftly return to their work. The ability to address and
resolve issues promptly is considered vital for the seamless operation of their vehicles
and the overall efficiency of their daily routines.

Several drivers underscored the importance of the reliability of chargers. They
emphasized that for them to be able to manage their EVs confidently, the chargers must
function consistently and reliably. One driver mentioned a general apprehension about
adopting new technology, expressing hesitation due to unfamiliarity. The project
stakeholder for InductEV provided reassurance, stating that extensive testing has been
done and there have been no reports of any major issues with the technology.

Finally, many drivers express frustration with the requirement for specific apps, tags or
memberships to initiate charging sessions. This additional step is perceived as
burdensome and inconvenient. In contrast, it is noted that wireless charging stations do
not impose such requirements.
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4.3 Insights of implementation of chargers in infrastructure

Various stakeholders in the project provided insights into implementing wireless
charging stations within Gothenburg City’s infrastructure. Initial observations pointed
to Lindholmen as an attractive location for one of the two wireless charging stations
since it is a hub for business travel and meetings, which motivated the placement of the
taxi fleet. However, the recent pandemic a few years ago led to a transition towards
digital instead of physical meetings, which drastically affected the demand for taxis.

After a review of the city’s planning processes, with a stakeholder within the project
from Business Region Gothenburg, the stakeholder concluded that building a public
charging station with complex administrative structures and procedures was
challenging. It is something many administrations take into consideration before getting
approved to change the infrastructure. The Urban Environment Administration is
responsible for the city's public space and overall accessibility. Some of its
responsibilities are, for instance, counteracting congestion with congestion charges or
deciding on where the use of studded tyres is forbidden. Another administration is the
City Planning Administration, which controls all land in the municipal limit (both
private and public) and has the mission to develop the city. The Gothenburg City
Administration for Circulation and Water is responsible for the provision of sewage
and clean water and has a say about everything below the surface. To top it all off, there
are different organisations owning the power grid. In Gothenburg, a large proportion of
the power grid is owned by Gothenburg Energy. Since it is almost always a monopoly,
it is statutory for the owner of the power grid to accept any offer if expansion is
necessary. However, how the investment cost is distributed is their choice, sometimes
with significant investments that require extensive negotiations. It is required to get
approved by all of the administrations above in order to start building a wireless
charging station.

According to the stakeholder from Business Region Gothenburg, the availability of DC
fast charging has increased significantly in the last few years, with an estimated ten
times as many 150 kW chargers now compared to two years ago, enhancing support for
the growing number of EVs.

The wireless charging infrastructure is not widespread and can not take advantage of
economies of scale. Thus, currently, building the wireless charging option is, according
to a stakeholder from Goteborg Energi, twice as expensive as the conductive charging
alternatives. The price to charge at the wireless chargers is currently fixed and is 5 SEK
per kWh, including VAT. As explained by the Goteborg Energi stakeholder, the idea is
that the price of SEK 5/kWh for wireless charging should be competitive compared to
other charging options (see Table 2).

“It was more than twice as expensive to build induction charging than to build the
equivalent conductive charging.... If inductive charging becomes widespread, there is
no indication that it will be a more expensive option from a life cycle perspective.”

Furthermore, according to the same stakeholder from Goteborg Energi in terms of

power draw, there is no discernible difference between the various charging
technologies examined.
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“The load on the electricity grid for the power output itself does not differ between
the different charging technologies.”

According to a project stakeholder at VVolvo Cars, the development of the software for
the cars proved to be the most time-consuming aspect of the project, alongside
negotiations and coordination with the respective stakeholders. However, challenges
emerged during implementation. Ground clearance issues arose from the placement of
the receiver beneath the car, leading to reports of the receiver bumping on speed bumps
and similar obstacles.

Moreover, integrating wireless charging receivers onto the vehicles and the
corresponding software posed significant difficulties. The existing EV lacked
compatibility with this technology, necessitating extensive modifications and
adaptations to ensure seamless integration. Overcoming these hurdles demanded
substantial time and resources, underscoring the complexity of the endeavour. The
integration process outlined involved several key steps: mechanical mounting,
electrical connection to the battery, software integration, ensuring functional safety, and
establishing communication with the charging infrastructure.

According to stakeholders, the wireless charging system features an additive capacity
by adding charging pads. A single charging pad can manage a charging output of 50-
75 kW, while a bus with six receivers can achieve a total charging capacity of up to 300
kW. However, it is important to note a compatibility issue where the maximum charger
output exceeds the intake capacity. While the charger can provide up to 75 kW, the cars
in the project can only accept 43 kW, thus not fully utilising the charger’s capabilities.

“The bottleneck is not the output of the wireless chargers but the input constraints of

the cars”
Supplier (50kW charger) Price (including VAT)
InCharge (Torpavallsgatan) 5.35 SEK/KWh
Northe (Torpavallsgatan) 5.95 SEK/KWh
E.On Drive (Torpavallsgatan) 7.35 SEK/KWh
Elton (Torpavallsgatan) 4,59 SEK/kWh + 2.5 SEK/min
EasyParkGo (Torpavallsgatan) 4.59 SEK/kWh + 2.5 SEK/min + 49 SEK/Mo.
EasyPark Small (Torpavallsgatan) 5.28 SEK/KWh + 2.5 SEK/min
E.On Drive (Béckebol) 6.5 SEK/kWh
Virta (Backebol) 6.5 SEK/kWh
OKQ8 (Béckebol) 6.5 SEK/kWh
Mer (Backebol) 7.5 SEK/kWh
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Elton (Backebol) 7.53 SEK/KWh

Northe (Béckebol) 7.70 SEK/KWh

Wireless charging 5 SEK/kWh
(Lindholmen & Medicinaregatan)

Table 2. Overview of charging prices for 50 kW chargers (Extracted 6th of May,
2024)
Table 2 shows current prices for charging EVs at public 50 kW stations, the information
was supplied by a project stakeholder from Goteborg Energi. The prices include VAT
and refer to various suppliers and charging stations in the Gothenburg area, including
Torpavallsgatan and Backebol. The table also includes prices for wireless charging at
Lindholmen and Medicinaregatan.
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5. Analysis

This chapter will analyse the evolution and current charging infrastructure challenges
facing electric taxi fleets, particularly the integration of 43kW wireless charging. It will
explore past barriers, their impact on current adoption rates, and the practical
implications of these challenges through empirical evidence and theoretical
frameworks.

5.1 Charging Infrastructure

According to the empirical data and previous research (Zhang et al., 2018), the
availability of charging stations is insufficient and not optimally located to the taxi
drivers' routes and needs. Moreover, all the respondents said they prefer to charge at
home overnight if possible due to the convenience, lower cost, and reduced impact on
battery health. Practically reducing the urgency of finding public charging stations at
the start or end of their working shift. According to Venkatesh et al. (2003), FC refer
to the degree to which an individual believes that an organisational and technical
infrastructure exists to support the use of the system. Thus, emphasising the importance
of accessible resources and support in encouraging the adoption and effective utilisation
of new technologies (Venkatesh et al., 2003). This corresponds to the importance of
public charging infrastructure availability and home charging capability to support taxi
drivers' adoption and effective use of EVs. Early in the project, charging stations were
scarcer. However, drivers still need more charging stations that match high-traffic areas
and regular routes, facilitating a smooth workday and minimising lost time. According
to Davis et al. (1989), in TAM, PU and PEoU affect the behavioural intention to use
the application, affecting the actual use of the system. The insufficiency of charging
stations directly influences drivers' perceptions of their PEoU and usefulness for EVs,
especially compared to ICE vehicles. According to Rogers (2003), the late majority will
only adopt the technology when it has been approved by earlier adopters so that they
can be assured of the innovation's success with minimal uncertainty. However, despite
the recent increase, the availability of charging infrastructure still needs to be improved
and can be seen as uncertain. Thus, increasing the availability of charging infrastructure
will be crucial when addressing the late majority segment of diffusion.

The empirical data reveals that although the ability to plan their charging was initially
limited, it improved over time as proficiency in utilising technology increased
throughout the project duration. According to ADKAR (Hiatt, 2006), awareness is the
first step towards change. Knowledge refers to individuals gaining the necessary
information to understand how to use technology effectively and the ability to execute
the change. This knowledge helps build their ability to implement change successfully.
Knowing where to find suitable charging stations is a prerequisite for efficient planning
for EV users. This knowledge depends on their awareness of existing charging stations,
their knowledge of getting new information, such as using various apps, and their
ability to execute their plan. Even though drivers have gotten better at utilising the
conductive charging technology, they continue to express frustration over the
requirement to use specific apps, tags, or memberships to initiate charging sessions.
This ongoing issue can be analysed with the help of TAM, specifically focusing on the
PEoU (Davis et al., 1989). Empirical data shows that wireless charging stations, in
contrast, are praised for not having such requirements, offering a more seamless user
experience. According to TAM, simplicity of usage enhances the PEoU, potentially
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increasing user satisfaction (Davis et al., 1989). Therefore, the likelihood of adopting
wireless charging as a preferred option is higher due to its simple charging process.
Wireless charging stations could significantly improve the overall user experience by
reducing the barriers associated with the initiation process, fostering greater acceptance
and integration of this technology among EV drivers.

The empirical evidence confirms the theoretical perspective on barriers to charging
infrastructure but also adds insights into the practical and administrative challenges of
implementation. A city like Gothenburg's complex administrative structure, with many
public agencies and bureaucratic requirements, makes it challenging to build charging
stations, which leads to delays and complicated negotiations. Previous research
supports the complexity involved in selecting charging locations, hindering the
effective deployment of charging infrastructure to meet the rising demand resulting
from the increasing adoption of EVs (Zhang et al., 2018; Bonges and Lusk, 2016).
Moreover, while there is no noticeable distinction between conductive and inductive
charging technologies regarding their impact on the power grid, the widespread
adoption of EVs escalates the electricity demand, leading to various adverse effects on
the grid (Shareef et al., 2016).

5.2 Electric Vehicle

Empirical data highlights concern over EVs' insufficient driving range, which poses a
significant barrier to their wider adoption, aligning with previous research (Lu et al.,
2012; Williams et al., 2024). According to UTAUT and UTAUT2, PE and EE are
directly linked to behavioural intention, which affects the use behaviour (Venkatesh et
al., 2003; Venkatesh et al., 2012). Limited battery capacity negatively affects both PE
and EE, which, in the end, hinders the adoption of electric taxis. Users expect their
vehicles to perform reliably and efficiently throughout their daily journeys. Their
willingness to adopt the technology is reduced when these expectations are unmet due
to battery limitations. Furthermore, the effort required to plan charging stops and
manage range anxiety can be perceived as unnecessarily inconvenience, increasing the
technology's perceived complexity, and reducing its appeal compared to ICE
vehicles. According to Rogers (2003), the early majority is sceptical and looks for clear
benefits before adopting an innovation. They also prefer that the innovation is
compatible with their existing routines. The early majority will be more inclined to
transition to EVs if the battery capacity can meet their daily driving needs without
frequent interruptions for charging since it may not be seen as a clear benefit for
choosing an EV over an ICE vehicle. Transitioning to an EV may also be incompatible
with their current refuelling habits. Addressing battery capacity and clear
communication about these improvements will help convince this segment.

Previous research presents long charging times as a barrier to the adoption of EVs
(Giansoldati et al., 2020). However, according to the empirical data, long charging
times are not a significant barrier since the current power of conductive fast chargers is
sufficient to recharge the batteries without creating major operational interruptions.
According to TAM, PEoU and PU affect the attitude toward using the application; PU
also directly influences the behavioural intention to use (Davis et al., 1989). Fast
charging times can increase PU and PEoU since users will experience less downtime,
making the EV more useful and easier to use, leading to a greater willingness to adopt
EVs. However, empirical data highlights the conflicting nature of prioritising shorter
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charging times with higher effects and its impact on the battery health. According to
the Diffusion of Innovations theory, developed by Rogers (2003), one of the key factors
influencing the adoption of an innovation is its compatibility with existing values, past
experiences, and needs of potential adopters (Rogers, 2003). Fast chargers improve the
compatibility of the fast-paced modern culture, encouraging broader EV acceptance.
While EVs still take longer to charge than traditional vehicles to refuel, the improved
speed of conductive fast chargers reduces this time difference significantly. Thus, in
this case, the relative advantage of the speed of traditional refuelling is often reduced
to a negligible level over conductive fast charging. Rogers (2003) states that the early
majority rely heavily on peer validation when adopting innovation. Therefore, the early
majority will adopt EV's more extensively when they hear that fast-charging technology
can meet their expectations for PEoU and compatibility with their busy lifestyles.
Effective communication about the availability and performance of fast chargers can
help this group overcome concerns about charging times, promoting broader adoption.

The empirical data confirm previous research that the higher purchase price of EVs is
a barrier for many consumers (Giansoldati et al., 2020). According to TAM, PU is a
determinant of an individual's intention to use a technology (Davis et al., 1989).
Applying this from a financial perspective suggests that making EVs more cost-
effective and demonstrating their long-term value would enhance their PU and, thus,
their attractiveness. Applying the Diffusion of Innovations theory, the high initial cost
of EVs may be seen as diminishing their relative advantage, affecting the PV, and
potentially slowing their adoption despite their environmental benefits and advanced
technology (Rogers, 2003; Venkatesh et al., 2012). Additionally Rogers (2003), states
that the early majority adopt an innovation after a varying degree of time and rely on
evidence of the innovation’s benefits and widespread acceptance by early adopters. The
early majority will be more inclined to adopt EVs if the long-term value and cost-
effectiveness are clearly demonstrated. However, empirical data shows that these other
benefits still play a significant role when purchasing EVs. Our findings indicate that
drivers value the driving experience, emphasising EVs' practical benefits and utility,
aligning with instrumental values (Dittmar, 1992). Additionally, the data highlights the
significance of environmental considerations, suggesting that the drivers derive
emotional satisfaction from contributing to environmental conservation, reflecting
hedonic values (Dittmar, 1992). Furthermore, the empirical data reveals that status also
plays a role in EV adoption, with some consumers regarding the visual appeal of EVs
as a status symbol, indicating a connection to symbolic values (Dittmar, 1992).

The empirical data show that performance in extreme weather conditions, especially
during cold periods, is a significant barrier, aligning with previous research on the
subject (Krishna 2021). According to the Diffusion of Innovation theory, compatibility
with existing values, experiences, and needs is crucial for adopting new technology
(Rogers, 2003). If EVs cannot effectively operate in cold climates, they lack
compatibility with the needs of consumers in those areas, hindering their diffusion.
Thus, identifying and addressing specific technological barriers that affect vehicle
performance in extreme weather is essential to enhance compatibility and promote
wider adoption of EVs. Furthermore, The empirical data portrays concerns about the
reliability of EVs, aligning with previous research stating that reliability can be a
significant factor affecting its adoption (Krishna 2021). In the empirical data, these
concerns often stem from uncertainties around the longevity and performance of EV
batteries,  especially ~ under  varying  operational and  environmental
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conditions. According to UTAUT, concerns about reliability directly impact PE
(Venkatesh et al., 2003). If there is doubt regarding the reliability and longevity of EVs,
individuals may become sceptical about the technology's ability to meet their needs
over time, which can significantly deter adoption. The late majority in the Diffusion of
Innovation framework is often more sceptical and cautious about adopting new
technologies and often waits until strong evidence of reliability and benefits is shown
(Rogers, 2003). Thus, the late majority will adopt EVs to a higher degree when they
see consistent, reliable performance regardless of weather conditions. Clear
communication about technological advancements and widespread positive feedback
from users in extreme climates will be crucial to convince this group.

Empirical data shows that the drivers expressed frustration with Volvo Service's
communication and support regarding technical issues with their electric
cars. According to Venkatesh et al. (2003), FC and EE are critical in determining how
easily a technology is adopted and used. FC refer to the degree to which an individual
believes that organisational and technical infrastructure exists to support the use of the
system, while EE is the degree of ease associated with using the technology. The
drivers' frustration with communication and technical support from Volvo Service
suggests inadequate FC, possibly hindering EV adoption. Another factor concerns EE,
which concerns technology's PEoU. Poor service communication may increase
perceived effort in maintaining and troubleshooting EVs, potentially discouraging
adoption due to perceived user unfriendliness and problematic experiences.

5.3 Electric Taxis

Previous research indicates that the frequency of charging needs presents a barrier to
adopting electric taxis (Rao, Cai, and Xu, 2018). However, empirical data shows that
drivers can address the potential barrier of frequent charging needs by ensuring their
vehicles are charged before starting their work shifts. This proactive approach reduces
the necessity for frequent charging throughout the day. The Habit construct in UTAUT2
suggests that when an activity using technology becomes routine, it leads to more
natural and sustained use of the technology (Venkatesh et al., 2012). When drivers
begin their day with a fully charged vehicle and it becomes habitual, operating electric
taxis feel less cumbersome. Furthermore, previous research has identified the unique
challenge of managing real-time customer demands with limited flexibility for planning
(Shen, Wang, & Zhang, 2021). Empirical data shows electric taxi drivers can efficiently
manage peak-hour demands by starting the day with a fully charged battery and the use
of fast charging stations, this combination significantly reduces downtime, and enables
quick service response. Applying the Complexity aspect of the Diffusion of Innovations
theory, it is shown that these measures significantly reduce the perceived complexity
involved in managing a vehicle's energy needs. This reduction in complexity can pave
the way for their widespread adoption.

However, for individuals without access to home charging, commencing each workday
by heading to a charging station at the start of a shift and waiting for a period to charge
may still be considered an inconvenience. This applies to the EE aspect of the UTUAT
framework (Venkatesh et al., 2003), the additional steps required for drivers to start
their day at a charging station can increase the effort of using electric taxis. The
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perceived effort and additional time needed to prepare the vehicle for service could
deter individuals who prefer more straightforward options.

The late majority tends to be more cautious and risk-averse, often adopting new
technologies only when they become more user-friendly and less complex (Rogers,
2003). Thus, for electric taxis, reducing the complexity of ensuring that the vehicle
starts the day with a full charge is crucial for this group. Making home charging feasible
and convenient for all drivers directly addresses this concern, increasing the likelihood
of adoption among the late majority. Simplifying the charging process and ensuring it
fits seamlessly into taxi drivers' daily routines can significantly influence their decision
to switch to EVs.

The empirical data supports the theories Kim, Lee, and Kim (2017) proposed,
indicating that the demand from long-distance customers presents a barrier to the wider
adoption of electric taxis. Applying the Diffusion of Innovation theory (Rogers, 2003),
electric taxis must be compatible with long-distance travel demands to be widely
accepted. The perceived complexity of managing an electric taxi for long distances can
deter both drivers and customers from adopting this technology for their long-distance
trips.

5.4 Wireless Charging Electrical Taxis

Oliveira et al. (2020) present behavioural and perceptual barriers to wireless charging
technology, such as habits, reliability, and fear. Empirical data shows resistance from
some drivers accustomed to traditional fuels and charging methods. The UTAUT2
framework supports this by acknowledging that habits are crucial in shaping
individuals' attitudes and behaviours towards technology adoption (Venkatesh et al.,
2012). In this case, the resistance from taxi drivers could highlight how deeply
ingrained habits can act as barriers to adopting wireless charging for taxi drivers.
Furthermore, empirical data suggests that the lack of reliability associated with wireless
charging may also contribute to drivers' hesitance to use the technology. Applying to
the PE aspect of UTAUT (Venkatesh et al., 2003), the lack of reliability directly
undermines drivers' perceptions of wireless charging technology's effectiveness. If the
technology does not consistently perform well, it fails to meet basic expectations,
thereby decreasing its PU. Additionally, one driver has expressed a fear of the
technology, further highlighting the complexity of concerns surrounding its adoption.
In the context of social influence within UTAUTZ2, individuals' perceptions of the
importance others place on using new technology play a crucial role (Venkatesh et al.,
2012). In this context, even a single report of negative experiences can significantly
sway the opinions of other potential users within the taxi driver community. If shared
within the driver community, the fear expressed by one driver can create a ripple effect,
leading others to doubt the safety and reliability of the technology, regardless of the
actual incidence rate of such events. The late majority in Diffusion of Innovation
(Rogers, 2003) will need to see widespread adoption and positive feedback from their
peers before considering wireless charging. Ensuring consistent performance and
addressing reliability concerns will be critical. Additionally, promoting the
normalisation of wireless charging within the industry can help overcome habitual
resistance and fear of new technology.
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According to Oliveira et al. (2020), there are economic barriers connected to wireless
charging technology for electric taxis. Several drivers expressed concern over the high
cost of charging at the wireless charging stations, which initially appeared to be a
significant barrier. However, the data shows that the price for charging at the wireless
station of 5 SEK/kWh is competitive with the alternatives as can be seen in Table 2.
Applying the PU aspect of TAM (Dauvis et al., 1989), despite competitive actual costs,
the perception that wireless charging is more expensive can adversely affect its PU. If
drivers perceive higher costs, they may fail to recognise the economic benefits or utility
of transitioning to wireless charging, regardless of the actual costs. Furthermore, drivers
emphasised the attractive purchase price of the cars, noting substantial discounts due to
their participation in the project. For some, this incentive was pivotal in joining the
project. This aligns with the Relative Advantage construct in the Diffusion of
Innovation theory (Rogers, 2003). Here, the financial incentives give a notable edge to
the project's cars over other vehicles, whether traditional EVs or ICE vehicles. This
advantage is a compelling factor influencing the drivers' decision to adopt the new
technology. By offering financial incentives, the project successfully attracted its first
group of users, innovators, the earliest adopters of new technology. These innovators
will play a vital role in the diffusion process (Rogers, 2003). Their initial adoption and
subsequent feedback help pave the way for further adoption by demonstrating the
technology's benefits and practical viability to later adopters (Rogers, 2003). However,
without discounts, the high purchase costs for EVs with wireless charging capabilities
can still be a significant barrier for taxi companies and municipalities (Oliveira et al.,
2020).

According to empirical data, there were challenges with integrating wireless charging
due to existing EV incompatibility. This finding aligns with the observations made by
Oliveira et al. (2020), who outline technical limitations with wireless charging for
electric taxis, specifically focusing on the charging power and integration
complications with existing vehicles. The power of the wireless chargers was a
perceived problem for drivers, particularly noticeable during peak hours when they
constrain operational efficiency. As previously discussed in the analysis, a charging
power resembling that of conductive fast chargers could mitigate other barriers, such
as accommodating real-time customer demands. However, the real problem is not the
output of the wireless chargers but the input capacity of the car. The EVs are limited to
43kW, but even if the receiving technology develops to 75kW, it would still remain a
barrier when comparing it to conductive charging. This suggests that the PU of wireless
charging, a key component of TAM (Davis et al., 1989), is significantly affected by the
lower power compared to conductive fast chargers. Enhancing this aspect would
improve drivers' perceptions of the technology's usefulness, encouraging broader
adoption. Concurrently, UTAUT's concept of PE, which emphasises the expectation
that technology will yield gains in job performance, aligns closely with this issue
(Venkatesh et al., 2003). As the charging capabilities of wireless systems improve to
match those of conductive chargers, it is anticipated that both the PU and PE will rise,
leading to increased acceptance among drivers (Venkatesh et al., 2003; Davis et al.,
1989). The early majority (Rogers, 2003) will be more inclined to adopt wireless
charging technology if it is perceived as reliable and effective in maintaining
operational efficiency, especially during peak hours. Addressing the capacity of the
receiver and charger and showcasing successful performance improvements will be
crucial for the widespread adoption of wireless charging for electric taxis.
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Empirical data reveals issues for drivers aligning their cars correctly at wireless
charging stations, this is consistent with previous research on the importance of very
precise alignment between transmitter and receiver coils, as highlighted by Ahmad et
al. (2018) and Birell et al. (2015). The EE dimension of UTAUT (Venkatesh et al.,
2003), which measures the ease of using technology, directly relates to the difficulties
drivers experience in aligning their cars correctly at wireless charging stations. The
need for precise alignment increases the effort required to use the technology. This
could negatively impact drivers' willingness to adopt and continue using wireless
charging if the process is perceived as too cumbersome or demanding.
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6. Conclusion

This thesis examines the challenges surrounding the integration of electric taxi fleets
and wireless charging technology. Two main questions guide our analysis: First, how
do the barriers faced by electric taxi fleets in the past compare to the current barriers
these fleets face with integrated 43kW wireless charging? And second, how do these
barriers affect the adoption and diffusion of electric taxis and wireless charging?

Limited availability of charging infrastructure hinders electric taxi adoption by
reducing PEoU, PU, and FC. The adoption of electric taxis is going to be negatively
affected until the infrastructure is reliable and widely available. Complex
administrative structures and bureaucratic requirements hinder the deployment of
charging infrastructure, causing delays, and complicating negotiations. Addressing
these challenges is essential for meeting the rising demand due to increasing EV
adoption. Furthermore, widespread EV adoption increases electricity demand, causing
various adverse effects on the grid.

Limited battery capacity remains a barrier and hinders electric taxi adoption by
decreasing PE and increasing EE. The adoption of electric taxis will likely be negatively
affected since current battery capacities do not meet daily needs without major
interruptions. Long charging times are not a significant barrier to electric taxi adoption
as fast chargers effectively reduce downtime. The adoption of electric taxis is going to
be positively affected since fast charging can accommodate the demands of their busy
schedules. High purchase prices remain a barrier to electric taxi adoption by reducing
PU. The adoption of electric taxis is going to be negatively affected until long-term
value and cost-effectiveness are clearly demonstrated. Performance in extreme weather,
particularly cold conditions, remains a barrier to electric taxi adoption. For electric taxis
to be compatible with the needs of consumers in cold climates, addressing technological
barriers affecting performance in these conditions is essential for wider adoption.
Concerns about the reliability and longevity of EVs remain a barrier hindering adoption
by decreasing PE. The adoption of electric taxis is going to be negatively affected until
consistent, reliable performance is demonstrated. Additionally, inadequate
communication and support from service providers can decrease FC and increase EE,
further deterring adoption.

Frequent charging needs are not a significant barrier to adopting electric taxis. Drivers
with home charging can reduce this barrier by charging vehicles before their shifts,
simplifying daily operations. The adoption of electric taxis is going to be positively
affected since habitual home charging can integrate EV use naturally into daily
routines, increasing user acceptance. Managing real-time customer demands is not a
significant barrier. Starting the day with a fully charged battery and using fast charging
stations reduces downtime and complexity, mitigating the previous barrier and
promoting adoption. However, for drivers without home charging, starting the day at a
charging station increases the EE and perceived complexity. The adoption of EV taxis
is going to be negatively affected since this can be perceived as a barrier. Making home
charging feasible and convenient is crucial for adoption among the late majority.
Demand from long-distance customers presents a barrier to the wider adoption of
electric taxis. The perceived complexity of managing an electric taxi for long distances
can deter both drivers and customers from adoption.
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Behavioural and perceptual barriers, such as habits, reliability, and fear, hinder the
adoption of wireless charging technology for electric taxis. The adoption will likely be
negatively affected since ingrained habits, reliability concerns, and fear diminish PU,
and PE, and spread negative perceptions within the community. Economic barriers to
wireless charging technology, such as perceived high costs of charging and high
purchase prices, hinder its adoption. Although the actual cost of charging wirelessly is
competitive, the perception of higher expenses reduces PU. Financial incentives and
discounts play a crucial role in attracting early adopters. However, without these
incentives, the high purchase costs remain a significant barrier. Technical limitations
such as incompatibility with existing EVs and charging power remain a barrier and
hinder the adoption of wireless charging for electric taxis by decreasing PE and
increasing EE. The adoption will likely be negatively affected until the technical
limitations are fixed. Technical limitations and operational challenges, including
incompatibility with existing EVs, lower charging effect, and alignment difficulties,
hinder the adoption of wireless charging for electric taxis by decreasing PE and
increasing EE. Addressing these limitations is crucial for its widespread adoption.

Addressing these interconnected barriers holistically is crucial for the broader adoption
and integration of electric taxis and wireless charging into urban transportation systems.

Charging Infrastructure

+Limited availability of charging infrastructure
«Complexity of location

*Power grid

Electric Vehicle

«Limited battery capacity

«Long charging times

*Purchase cost

«Performance in extreme weather conditions
«Uncertainty regarding the reliability

<Inadequate support

Electric Taxis

*Frequency of charging needs
*Real-time demand

*Absence of home charging

«Demand from long-distance trips . Remaining barriers
Wireless Charging Taxi

-Behawo_ural an_d perceptual issues Rejected barriers
«Economic barriers

*Technical limitations _
+Operational challenges . Added barriers

Figure 18. Illustrative funnel over remaining, rejected, and added barriers (own
illustration)

6.1 Additional comments

Wireless charging was originally considered as a method of topping up batteries, for
instance when waiting in a taxi queue and not for a whole battery cycle. However, in
this project, drivers often used wireless charging stations similarly to how they used
conductive charging stations and not as opportunistic chargers the way it was intended.
The wireless charging technology offers a less cumbersome alternative to conductive
charging, which often requires the use of apps, tags or memberships. Emphasis on the
practical benefits of wireless charging, such as saving drivers from getting out of the
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car and plugging in a cable, especially during bad weather, and the environmental
contribution it can bring are all factors that can help justify the higher initial purchase
price of this technology. This simplicity may promote wider acceptance. All charging
types have their advantages and disadvantages, and it is important to recognise the
unique characteristics of each method in order to fully understand their specific
contributions and use cases.

6.2 Further research

Further research is needed on the mass deployment of wireless chargers. This includes
studying the scalability of wireless charging infrastructure and the economic feasibility
for all stakeholders involved. Understanding these factors will be critical to planning
and implementing the widespread deployment of wireless charging in urban
environments.

Moreover, future research should explore the potential and challenges of wireless
charging technology specifically tailored for self-parking cars and autonomous
vehicles. These vehicles stand out as ideal wireless charging users, where they can
benefit from wireless charging by automatically positioning themselves on charging
pads. This minimises the need for human interaction and streamlines the charging
process. If self-driving cars are part of the transport sector's future, wireless charging is
likely the dominant method.

55



7 References

Acharige, S.S.G., Haque, M.E., Arif, M.T., Hosseinzadeh, N., Hasan, K.N., and Oo,
A.M.T. (2023) Review of Electric Vehicle Charging Technologies, Standards,
Architectures, and Converter Configurations, IEEE Access. Available at:
https://doi.org/10.1109/ACCESS.2023.3267164.

Adams, J., Khan, H.T., Raeside, R., and White, D.I. (2007) Research methods for
graduate business and social science students. Sage.

Adams, W. (2015) Conducting semi-structured interviews, in Wholey, J., Hatry, H.,
and Newcomer, K. (eds.) Handbook of Practical Program Evaluation. 4th edn. Jossey-
Bass, pp. 492-505. Available at: https://doi.org/10.1002/9781119171386.ch19.

Ahmad, A., Alam, M.S., and Chabaan, R. (2018) A Comprehensive Review of
Wireless Charging Technologies for Electric Vehicles, IEEE Transactions on
Transportation Electrification, 4(1), pp. 38-63. Available at:
https://doi.org/10.1109/tte.2017.2771619.

ALLEA (2018) Den europeiska kodexen for forskningens integritet. Berlin, Tyskland.
Available at:
https://www.vr.se/download/18.7f26360d16642e3af99e94/1540219023679/SW_ALL
EA Den_europeiska_kodexen_for_forskningens_integritet_digital FINAL.pdf
(Accessed: 2 May 2024).

Asamer, J., Reinthaler, M., Ruthmair, M., Straub, M. and Puchinger, J. (2016)
Optimizing charging station locations for urban taxi providers, Transportation
Research Part A: Policy and Practice, 85, pp. 233-246.

Bach, M.P., Celjo, A., and Zoroja, J. (2016) Technology Acceptance Model for
Business Intelligence Systems: Preliminary Research, Procedia Computer Science,
100, pp. 995-1001.

Bauer, G.S., Phadke, A., Greenblatt, J.B., and Rajagopal, D. (2019) Electrifying urban
ridesourcing fleets at no added cost through efficient use of charging infrastructure,
Transportation Research Part C: Emerging Technologies, 105, pp. 385-404. Available
at: https://doi.org/10.1016/j.trc.2019.05.041.

Bell, E., Bryman, A., and Harley, B. (2019) Business Research Methods. 5th edn.
Oxford University Press.

Bergstad, C.J. et al. (2011) Affective-symbolic and instrumental-independence
psychological motives mediating effects of socio-demographic variables on daily car
use, Journal of Transport Geography, 19, pp. 33-38.

Bi, Z. (2018) Life Cycle Analysis and Optimization of Wireless Charging Technology
to Enhance Sustainability of Electric and Autonomous Vehicle Fleets. Doctoral
Dissertation, University of Michigan. Available at:
http://hdl.handle.net/2027.42/147602.

56



Birrell, S.A. et al. (2015) How driver behaviour and parking alignment affects
inductive charging systems for electric vehicles, Transportation Research Part C:
Emerging Technologies, 58, pp. 721-731. Available at:
https://doi.org/10.1016/j.trc.2015.04.011.

Boca, G.D. (2013) ADKAR Model vs. Quality Management Change, in Proceedings
of the XIVth International Conference “Risk in Contemporary Economy”. Galati,
Romania: “Dunarea de Jos” University of Galati — Faculty of Economics and
Business Administration, p. 246.

Bonges, H.A. and Lusk, A.C. (2016) Addressing electric vehicle (EV) sales and range
anxiety through parking layout, policy, and regulation, Transportation Research Part
A: Policy and Practice, 83, pp. 63—-73. Available at:
https://doi.org/10.1016/j.tra.2015.09.011.

Brooker, R.P. and Qin, N. (2015) Identification of potential locations of electric
vehicle supply equipment, Journal of Power Sources, 299, pp. 76-84. Available at:
https://doi.org/10.1016/j.jpowsour.2015.08.097.

Camerer, C.F. et al. (1997) Labor Supply of New York City Cabdrivers: One Day at a
Time, The Quarterly Journal of Economics, 112(2), pp. 407—441. Available at:
https://doi.org/10.1162/003355397555244.

Campana, P.E. and Zhu, L. (2018) Factors influencing the economics of public
charging infrastructures for EV: A review, Renewable and Sustainable Energy
Reviews, 97, pp. 500-509.

Cervone, D. and Caprara, G.V. (2001) Personality Assessment, Encyclopedia of
Social Measurement. Available at: https://doi.org/10.1016/b0-08-043076-7/01293-6.

Chauhan, S. and Jaiswal, M. (2016) Determinants of acceptance of ERP software
training in business schools: Empirical investigation using UTAUT model, The
International Journal of Management Education, 14(3), pp. 248-262. Available at:
https://doi.org/10.1016/j.ijme.2016.05.005.

Chen, T. et al. (2020) A Review on Electric Vehicle Charging Infrastructure
Development in the UK, Journal of Modern Power Systems and Clean Energy, 8(2),
pp. 193-205. Available at: https://doi.org/10.35833/mpce.2018.000374.

Compostella, J., Fulton, L.M., De Kleine, R., Kim, H.C. and Wallington, T.J. (2020)
'Near- (2020) and long-term (2030-2035) costs of automated, electrified, and shared
mobility in the United States', Transport Policy, 85, pp. 54-66. Available at:
https://doi.org/10.1016/j.tranpol.2019.10.001

Creswell, J.W. and Creswell, J.D. (2018) Research Design: Qualitative, Quantitative,
and Mixed Methods Approaches. 5th edn. SAGE Publications, Inc.

Csaba Csiszar et al. (2019) Urban public charging station locating method for electric

vehicles based on land use approach, Journal of Transport Geography, 74, pp. 173—
180. Available at: https://doi.org/10.1016/j.jtrange0.2018.11.016.

57



Danielis, R., Giansoldati, M., and Rotaris, L. (2018) A probabilistic total cost of
ownership model to evaluate the current and future prospects of electric cars uptake in
Italy, Energy Policy, 118, pp. 57-69. Available at:
https://doi.org/10.1016/j.enpol.2018.04.024.

Davis, F.D. (1989) Perceived usefulness, perceived ease of use, and user acceptance
of information technology, MIS Quarterly, 13(3), pp. 319-340.

Davis, F.D., Bagozzi, R.P., and Warshaw, P.R. (1989) User acceptance of computer
technology: A comparison of two theoretical models, Management Science, 35(8), pp.
982-1003.

Deb, S. et al. (2018) Review of recent trends in charging infrastructure planning for
electric vehicles, Wiley Interdisciplinary Reviews: Energy and Environment, 7(6).
Available at: https://doi.org/10.1002/wene.306.

De Vaus, D.A. (2001) Research Design in Social Research. London: SAGE.

Dimitriadou, K. et al. (2023) Current Trends in Electric Vehicle Charging
Infrastructure; Opportunities and Challenges in Wireless Charging Integration,
Energies, 16(4), p. 2057. Available at: https://doi.org/10.3390/en16042057.

Dittmar, H. (1992) The Social Psychology of Material Possessions: To Have Is to Be.
St. Martin’s Press, Weathsheaf.

Energy5 (2023a) 'Accelerating the Adoption of Electric Taxis in Public Transport
Through Charging Networks', Energy5 Blog, 10 December. Available at:
https://www.energy5.com/blog/electric-vehicle-charging/ev-charging-for-public-
transport (Accessed: 8 February 2024).

Energy5 (2023b) 'Investigating Public Perception Charging Infrastructure for Electric
Taxis', Energy5 Blog, 7 December. Available at:
https://www.energy5.com/blog/electric-vehicle-charging/public-perception-and-
acceptance-of-ev-charging (Accessed: 8 February 2024).

Ensslen, A. et al. (2018) A Survey on User Acceptance of Wireless Electric Vehicle
Charging, World Electric Vehicle Journal, 9(3), p. 36. Available at:
https://doi.org/10.3390/wevj9030036.

Eriksson, R. (2023) 'Experience from first year with wireless charging fleet in
Gothenburg green city zone', in Proceedings of the 36th International Electric Vehicle
Symposium and Exhibition (EVS36), Sacramento, California, USA, 11-14 June.
Volvo Car Corporation.

European Commission (2024) CO2 emission performance standards for cars and
vans. Available at: https://climate.ec.europa.eu/eu-action/transport/road-transport-
reducing-co2-emissions-vehicles/co2-emission-performance-standards-cars-and-
vans_en (Accessed: 1 April 2024).

58



European Environment Agency (2023) New registrations of electric vehicles in
Europe. Published 24 October 2023. Available at:
https://www.eea.europa.eu/en/analysis/indicators/new-registrations-of-electric-
vehicles?activeAccordion=546a7c¢35-9188-4d23-94ee-005d97¢c26f2b (Accessed: 10
February 2024).

European Parliament (2023) 'CO2 emissions from cars: facts and figures
(infographics)', European Parliament News, 14 February. Available at:
https://www.europarl.europa.eu/news/en/headlines/society/20190313ST031218/co2-
emissions-from-cars-facts-and-figures-infographics (Accessed: 5 February 2024).

Fraile-Ardanuy, J. et al. (2018) Using mobility information to perform a feasibility
study and the evaluation of spatio-temporal energy demanded by an electric taxi fleet,
Energy Conversion and Management, 157, pp. 59-70. Available at:
https://doi.org/10.1016/j.enconman.2017.11.070.

Giansoldati, M., Monte, A., and Scorrano, M. (2020) Barriers to the adoption of
electric cars: Evidence from an Italian survey, Energy Policy, 144, p. 111812.
Available at: https://doi.org/10.1016/j.enpol.2020.111812.

Ghosh, J. and Kshitij, A. (2016) Higher education in basic science and socioeconomic
characteristics of students’ life in India: An exploratory study, Social Indicators
Research, 125(1), pp. 311-337.

Goss, K.F. (1979) Consequences of diffusion of innovations, Rural Sociology.

Gnann, T. et al. (2018) Fast charging infrastructure for electric vehicles: Today’s
situation and future needs, Transportation Research Part D: Transport and
Environment, 62, pp. 314-329. Available at:
https://doi.org/10.1016/j.trd.2018.03.004.

Guo, Z., Yu, B., Li, K., Yang, Y., Yao, B. & Lin, Q. (2020) Locating battery
supplying infrastructures for electric taxis, Transportation Letters, 12(2), pp. 77-86.
Available at: https://doi.org/10.1080/19427867.2018.1520449

Hagman, J. and Langbroek, J.H.M. (2019) Conditions for electric vehicle taxi: A case
study in the Greater Stockholm region, International Journal of Sustainable
Transportation, 13(6), pp. 450-459. Available at:
https://doi.org/10.1080/15568318.2018.1481547.

Heffner, R.R., Turrentine, T.S. and Kurani, K.S. (2006) A Primer on Automobile
Semiotics. Institute of Transport Studies, University of California, Davis.

Hiatt, J. (2006) ADKAR: a model for change in business, government, and our
community. Prosci Learning Center Publications.

Hu, L. et al. (2018) Analyzing battery electric vehicle feasibility from taxi travel
patterns: The case study of New York City, USA, Transportation Research Part C:
Emerging Technologies, 87, pp. 91-104. Available at:
https://doi.org/10.1016/j.trc.2017.12.017.

59



Ibham Veza, M.Z. et al. (2023) Electric vehicle (EV) and driving towards
sustainability: Comparison between EV, HEV, PHEV, and ICE vehicles to achieve
net zero emissions by 2050 from EV, Alexandria Engineering Journal, 82, pp. 459—
467. Available at: https://doi.org/10.1016/j.aej.2023.10.020.

Jang, Y.J., Jeong, S. and Lee, M.S. (2016) 'Initial Energy Logistics Cost Analysis for
Stationary, Quasi-Dynamic, and Dynamic Wireless Charging Public Transportation
Systems', Energies, 9(7), pp. 483-483. Available at:
https://doi.org/10.3390/en9070483

Ke, J. et al. (2019) Modelling drivers’ working and recharging schedules in a ride-
sourcing market with electric vehicles and gasoline vehicles, Transportation Research
Part E: Logistics and Transportation Review, 125, pp. 160-180. Available at:
https://doi.org/10.1016/j.tre.2019.03.010.

Ko, J. and Shim, J.-S. (2016) Locating battery exchange stations for electric taxis: A
case study of Seoul, South Korea, International Journal of Sustainable Transportation,
10(2), pp. 139-146. Available at: https://doi.org/10.1080/15568318.2013.871612.

Kim, J., Lee, S., and Kim, K.S. (2017) A study on the activation plan of electric taxi
in Seoul, Journal of Cleaner Production, 146, pp. 83-93. Available at:
https://doi.org/10.1016/j.jclepro.2016.06.056.

Kong, D., Dan, M., and Wang, M. (2016) A Simulation Study of Upgrading Urban
Gasoline Taxis to Electric Taxis, Energy Procedia, 104, pp. 390-395. Available at:
https://doi.org/10.1016/j.egypro.2016.12.066.

Krishna, G. (2021) Understanding and identifying barriers to electric vehicle adoption
through thematic analysis, Transportation Research Interdisciplinary Perspectives, 10,
p. 100364. Available at: https://doi.org/10.1016/j.trip.2021.100364.

Kumar, R. (2009) Research Methodology: a Step by Step Guide for Beginners. 2nd
edn. London: Sage, pp. 118-141.

Kumar, R.R. and Alok, K. (2020) Adoption of electric vehicle: A literature review
and prospects for sustainability, Journal of Cleaner Production, 253, p. 119911.
Available at: .

Labeye, E. et al. (2016) The electric vehicle: A new driving experience involving
specific skills and rules, Transportation Research Part F: Traffic Psychology and
Behaviour, 37, pp. 65-77. Available at: https://doi.org/10.1016/j.trf.2015.11.008.

Locharoenrat, K. (2017) Research Methodologies for Beginners. Jenny Stanford
Publishing.

Longo, M., Foiadelli, F., and Yaici, W. (2019) Electric Vehicles Integrated with

Renewable Energy Sources for Sustainable Mobility, in New Trends in Electrical
Vehicle Powertrains. pp. 203-223.

60


https://doi.org/10.1016/j.tre.2019.03.010

Marinescu, A. (2021) Current Standards and Regulations for Wireless Battery
Charging Systems. Available at: https://doi.org/10.1109/iseee53383.2021.9628689.

Mateen, S. et al. (2023) Ultra-fast charging of electric vehicles: A review of power
electronics converter, grid stability and optimal battery consideration in multi-energy
systems, Sustainable Energy, Grids and Networks, 35, p. 101112.

Millerleile, T. et al. (2016) Fully Charged: Process Acceptance of Different EV
Charging Processes, SSRN Electronic Journal.

NASA (2024) The causes of climate change. Available at:
https://science.nasa.gov/climate-change/causes/ (Accessed: 15 April 2024).

Neubauer, J. and Wood, E. (2014) The impact of range anxiety and home, workplace,
and public charging infrastructure on simulated battery electric vehicle lifetime utility,
Journal of Power Sources, 257, pp. 12-20. Available at:
https://doi.org/10.1016/j.jpowsour.2014.01.075.

Nykvist, B., Sprei, F., and Nilsson, M. (2019) Assessing the progress toward lower
priced long range battery electric vehicles, Energy Policy, 124, pp. 144-155.
Available at: https://doi.org/10.1016/j.enpol.2018.09.035.

Oliveira, L. et al. (2020) Wireless charging of electric taxis: Understanding the
facilitators and barriers to its introduction, Sustainability, 12(21), p. 8798. Available
at: https://doi.org/10.3390/su12218798.

Palani, G. et al. (2023) Challenges and Barriers of Wireless Charging Technologies
for Electric Vehicles, Energies, 16(5), p. 2138. Available at:
https://doi.org/10.3390/en16052138.

Paramitha, T.A., Tobing, D.K., and Suroso, I. (2020) ADKAR model to manage
organizational change, International Journal of Research Science & Management,
7(1), p. 141. Available at: https://doi.org/10.5281/zenodo.3633128.

Patel, R. and Davidson, B. (2003) Forskningsmetodikens grunder: Att planera,
genomfdra och rapportera en undersékning. Lund: Studentlitteratur.

Philipsen, R. et al. (2016) Fast-charging station here, please! User criteria for electric
vehicle fast-charging locations, Transportation Research Part F: Traffic Psychology
and Behaviour, 40, pp. 119-129. Available at:
https://doi.org/10.1016/j.trf.2016.04.013.

Prohaska, R., Ragatz, A., Simpson, M., and Kelly, K. (2016) Medium-Duty Plug-in
Electric Delivery Truck Fleet Evaluation. NREL. 2016 IEEE Transportation
Electrification Conference and Expo. Dearborn, Michigan. Available at:
http://www.nrel.gov/docs/fy160sti/66755.pdf.

Rao, R., Cai, H., and Xu, M. (2018) Modeling electric taxis' charging behavior using

real-world data, International Journal of Sustainable Transportation, 12(7), pp. 452-
460. Available at: https://doi.org/10.1080/15568318.2017.1388887.

61



Rogers, E.M. (1962) Diffusion of Innovations. New York: Free Press of Glencoe.
Rogers, E.M. (2003) Diffusion of Innovations. 5th edn. New York: Free Press.

Roehrich, G. (2004) Consumer innovativeness: concepts and measurements, Journal
of Business Research, 57, pp. 671-677.

Salanova, J.M. and Romeu, M. E. (2018) 'Modeling Framework for Comparing Taxi
Operational Modes: Case Study in Barcelona’, Transportation Research Procedia, 33,
pp. 59-66. Available at: https://doi.org/10.1016/j.trpro.2018.10.076

Serradilla, J. et al. (2017) An evidence-based approach for investment in rapid-
charging infrastructure, Energy Policy, 106, pp. 514-524. Available at:
https://doi.org/10.1016/j.enpol.2017.04.007.

Setyawan, A.A. et al. (2018) Disaster as business risk in SME: An exploratory study,
International Journal of Research in Business and Social Science, 6(6), pp. 52-63.

Shen, J., Wang, L., and Zhang, J. (2021) Integrated Scheduling Strategy for Private
Electric Vehicles and Electric Taxis, IEEE Transactions on Industrial Informatics,
17(3), pp. 1637-1647. Available at: https://doi.org/10.1109/T11.2020.2993239.

Shahraki, N., Cai, H., Turkay, M. and Xu, M. (2015) 'Optimal locations of electric
public charging stations using real world vehicle travel patterns', Transportation
Research Part D: Transport and Environment, 41, pp. 165-176. Available at:
https://doi.org/10.1016/j.trd.2015.09.011

Shareef, H., Islam, M.M., and Mohamed, A. (2016) A review of the state-of-the-art
charging technologies, placement methodologies, and impacts of electric vehicles,
Renewable and Sustainable Energy Reviews, 64, pp. 403-420. Available at:
https://www.researchgate.net/publication/305828537_A_review_of the_state-of-the-
art_charging_technologies_placement_methodologies_and_impacts_of electric_vehi
cles (Accessed: 4 May 2024).

Smart City Sweden (2022) Wireless taxi charging in Gothenburg Green City Zone.
Available at: https://smartcitysweden.com/wireless-taxi-charging-in-gothenburg-
green-city-zone/ (Accessed: 1 February 2024).

Soscia, 1., Arbore, A., and Hofacker, C.F. (2011) The impact of trial on technology
adoption: the case of mobile TV, Journal of Research in Interactive Marketing, 5(2/3),
pp. 226-238. Available at: https://doi.org/10.1108/17505931111187820.

Steffen Kiimmell and Hillgértner, M. (2015) Inductive Charging Comfortable and
Nonvisible Charging Stations for Urbanised Areas, Green Energy and Technology,
pp. 297-309. Available at: https://doi.org/10.1007/978-3-319-13194-8 16.

Steg, L. (2005) Car use: lust and must. Instrumental, symbolic and affective motives
for car use, Transportation Research Part A, 39, pp. 147-162.

62


https://doi.org/10.1109/TII.2020.2993239

Tao Zhou, Yaobin Lu and Bin Wang (2010) Integrating TTF and UTAUT to explain
mobile banking user adoption, Computers in Human Behavior, 26(4), pp. 760-767.
Available at: https://doi.org/10.1016/j.chb.2010.01.013.

Thagard, P. and Shelley, C. (1997) 'Abductive reasoning: Logic, visual thinking, and
coherence'. Waterloo, Ontario: Philosophy Department, University of Waterloo.
Available at: http://cogsci.uwaterloo.ca/Articles/Pages/%7FAbductive.html.

Thggersen, J. and Ebsen, J.V. (2019) Perceptual and motivational reasons for the low
adoption of electric cars in Denmark, Transportation Research Part F: Traffic
Psychology and Behaviour, 65, pp. 1-13. Available at:
https://doi.org/10.1016/j.trf.2019.07.017.

Transport & Environment (2020) Recharge EU: How many charge points will EU
countries need by 2030. Available at:
https://www.transportenvironment.org/discover/recharge-eu-how-many-charge-
points-will-eu-countries-need-2030/ (Accessed: 28 February 2024).

Transport for London (2015) Electric Vehicle Charging Study: A Review of Options
for Charging at Homes Without Off-Street Parking. Available at:
https://content.tfl.gov.uk/ev-charging-options-for-hnomes-without-offstreet-
parking.pdf (Accessed: 29 February 2024).

Tseng, C.-M., Chua, S.C.-K., and Liu, X. (2019) Improving Viability of Electric
Taxis by Taxi Service Strategy Optimization: A Big Data Study of New York City,
IEEE Transactions on Intelligent Transportation Systems, 20(3), pp. 817-826.

Tu, H. et al. (2019) Extreme Fast Charging of Electric Vehicles: A Technology
Overview, IEEE Transactions on Transportation Electrification, 5(4), pp. 861-878.
Available at: https://doi.org/10.1109/tte.2019.29587009.

Ulrich, L. (2020) Curbside cab charging: Wireless power tech keeps EVs on the go -
[News], IEEE Spectrum, 57(10), pp. 8-9. Available at:
https://doi.org/10.1109/mspec.2020.9205536.

Vandecasteele, B. and Geuens, M. (2010) Motivated consumer innovativeness:
concept, measurement, and validation, International Journal of Research Marketing,
27, pp. 308-318.

Venkatesh, V., Morris, M. G., Davis, G. B., &amp; Davis, F. D. (2003). User
acceptance of
information technology: Toward a unified view. MIS quarterly, 425-478.

Venkatesh, V., Thong, J.Y.L., and Xu, X. (2012) Consumer Acceptance and Use of
Information Technology: Extending the Unified Theory of Acceptance and Use of
Technology, MIS Quarterly, 36(1), pp. 157-178. Available at:
https://doi.org/10.2307/41410412.

63


https://doi.org/10.2307/41410412

Voss, K.E., Spangenberg, E.R., and Grohmann, B. (2003) Measuring the hedonic and
utilitarian dimensions of consumer attitude, Journal of Marketing Research, 40, pp.
310-320.

Wang, H. et al. (2019) A four-step method for electric-vehicle charging facility
deployment in a dense city: An empirical study in Singapore, Transportation Research
Part A: Policy and Practice, 119, pp. 224-237. Available at:
https://doi.org/10.1016/j.tra.2018.11.012.

Wellings, J., Greenwood, D., and Coles, S.R. (2021) Understanding the future
impacts of electric vehicles—An analysis of multiple factors that influence the
market, Vehicles, 3(4), pp. 851-871. Available at:
https://doi.org/10.3390/vehicles3040051.

Williams, H., Luz, A., and Sheriffdeen, K. (2024) Advancements in battery
technology for electric vehicles: A comprehensive analysis of recent developments.

Williams, M.D., Rana, N.P., and Dwivedi, Y.K. (2015) The unified theory of
acceptance and use of technology (UTAUT): A literature review, Journal of
Enterprise Information Management, pp. 425-478.

Wolbertus, R. (2020) Evaluating Electric Vehicle Charging Infrastructure Policies.
Delft: TRAIL Research School. Available at: https://doi.org/10.4233/uuid:5672b626-
b026-42b1-80c5-70c7c4d86cab.

Yang, J., Dong, J. and Hu, L. (2018) Design government incentive schemes for
promoting electric taxis in China, Energy Policy, 115, pp. 1-11. Available at:
https://doi.org/10.1016/j.enpol.2017.12.030

Yin, R.K. (2007) Fallstudier: Design och genomférande. Stockholm: Liber.

Zamanov, N. (2023) The Transition to Electric Taxis and Ride-Sharing Services:
Examining the benefits and challenges of transitioning taxi and ride-sharing fleets to
electric vehicles and the impact on air quality and emissions. Cyberswitching.
Available at: https://cyberswitching.com/the-transition-to-electric-taxis-and-ride-
sharing-services/ (Accessed 8 February 2024).

Zhang, C. et al. (2017) Charging optimization in lithium-ion batteries based on
temperature rise and charge time, Applied Energy, 194, pp. 569-577. Available at:
https://doi.org/10.1016/j.apenergy.2016.10.059.

Zhang, Q. et al. (2018) Factors influencing the economics of public charging
infrastructures for EV: A review, Renewable and Sustainable Energy Reviews, 97, pp.
500-500.

Zou, Y. et al. (2016) Large-scale deployment of electric taxis in Beijing: A real-world

analysis, Energy, 100, pp. 25-39. Available at:
https://doi.org/10.1016/j.energy.2016.01.062.

64


https://doi.org/10.4233/uuid:5672b626-b026-42b1-80c5-70c7c4d86cab
https://doi.org/10.4233/uuid:5672b626-b026-42b1-80c5-70c7c4d86cab




Attachment 1

Data on charging behaviour throughout the project
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Attachment 1.1. The energy delivered per charging station and charging events per
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Attachment 1.2. Total energy delivered per vehicle



Average of energy delivered per charging event
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Attachment 1.3. Average of energy delivered per charging event (kWh)
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Attachment 1.4. Average energy delivered per charging event per week
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Attachment 1.5. Weeks from first wireless charging (96 weeks after the project

started)
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Attachment 1.7. Charge events by week and Iocatlon of charger
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Attachment 1.7. Energy delivered per week by all vehicles

Lindholmen October by hour
300

100
50 I

Attachment 1. 8 Energy deI|vered by hour and charglng Iocatlon ( October
Lindholmen)

Medicinaregatan October by hour

m Toal

700

00 o1

22 23

m Total

=1
2

=1

Attachment 1 0. Energy dellvered by hour and charglng Iocatlon (October
Medicinaregatan)



Lindholmen October by date

Total

g

150
=
50 I I ‘ I | | ‘ ‘ I I ‘ I I | | I I
0 I I I I | I I
O3-okt  Od-okr OSokt Of-okt O7-okt OB-okt Dokt 10-okt 1l-okt 120kt 130kt 4okt 1Skt 160kt 17-0kt 1S-okt 180kt 200kt 2l-okt 230kt 2dwokt 250kt 260kt 270kt 2B-okt  30-okt

ol ol

Attachment 1.10. Energy delivered by date and charging location (October,
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Attachment 1.14. Numbers of vehicles charging by week
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Attachment 1.15. Energy delivered by week for the car that charges the most

Attachment 2

Interview guide for wireless charging taxi drivers

Introduction
Thank you for participating in our study on wireless charging for electric taxi fleets.
Your insights are vital for understanding the challenges and preferences of taxi drivers
using this technology.

This interview will cover your daily driving patterns, charging habits, and thoughts on
wireless charging and electric taxis. All information will be kept confidential and
anonymized.

We appreciate your time and participation. Please feel free to ask any questions during
the interview.



Questions
1. Demographical description of wireless charging taxi drivers (Age, Gender,
Housing Situation, Education)

2. What type of power source did your previous vehicle have?

3. How many kilometres do you typically drive per day?

4. How often do you use the wireless chargers?

5. Where do you usually charge — at home, at public stations, or somewhere else?
6. Do you prefer to charge overnight at home or at public stations?

7. Are you the owner of the taxi, or is it owned by the company?

8. Who bears the cost of operations — you as the driver or the taxi company?

9. Would you use wireless charging more if the power was higher? Would 75 kW

be sufficient?

10.  What is most important to you, the availability of charging stations, the speed
of charging, or the cost of charging?

11. How do you balance these factors in your daily work?

12. How many times a day do you charge, how long, and at what speed?

13.  What do you mostly use for fast charging (150 kW), slow charging (11 kW), or
wireless charging (50 kW)? Why?

14.  What do you prefer in terms of capacity for slow and fast charging? Please share
your experiences with 11 kW, 50 kW, and 150 kW chargers.

15. Do you have access to home charging, and how does this affect your choice of
charging locations during work?



16.  Where in the city are the most convenient places to charge?

17.  Where would additional charging stations be most beneficial for you?

18. How does the need to respond to customer demands in real-time affect your
choice of different types of charging stations? For example, fast charging and slow
charging, whether they are private or public?

19.  Does your charging behaviour change between summer and winter or between
good and bad weather conditions?

20. How do you feel about the cost of electricity at wireless chargers?

21.  What do you think is an optimal charging time?

22. How important are environmental considerations in your choice of an electric
vehicle over a traditional gasoline- or diesel-powered vehicle?

23.  Can you compare your driving experience between an electric vehicle and a
traditional vehicle?

24, How has your charging behaviour changed since the start of the project?

25. Do you think others feel the same way as you do? What do you think others
think?

26.  What have we missed with our questions?

Closing

Thank you for sharing your experiences and insights. Your input is very valuable to our
research. If you have any additional thoughts or questions, please feel free to contact
us.
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