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|. Abstract

Purpose: As was revealed in the literature review more research is lacking in the area of EV users
and in the change of interaction between users and this new technology. Thus this thesis seeks to
zoom into the user experience of being an Ewatr and to emphatically investigate what this
experience is like (i.e., what is working and what could be improved upon) to further facilitate a
smoother transition to green mobility that can ensure EVs mass adoption that is necessary to help
meet targe€02 emission reductions by 2030.

Design/methodobgy/approach: The Double Diamond methodology was applied to the overall
design process whi | e the O6design thinking processodo f
methods and approachesdertaken at each phase of the design process.

Findings: Ser vi ce desi gno slevgl bas ¢ha nbilitg to influenceasomething rae
complex as the-enobility transition by applying userentric and empathic design that helps to lessen

the complexity and focuses on zoomingon the interaction betwedine user and this new emergent
technology and of its service offerings. SD at this level enables keeping the user at center to design a
product/ service that is truly solving itthise use
case helping to atless EV users the transition tar®bility, and with focus on urban dwellers who
depend on accessible and reliablestmeet charging services for their charging needs.

Research limitations:Investigating the relationship between EV users and this @gwmology is in

its early stagesThereis still much uncertaintpn howEV charging services should be provided in
these early stages of market development (Chavez, 2022; LaMonaca & Ryan,F2o@&@&rmore,
the transition to electrimobility is contextspecific as there will be differences city to city and
country to country on what works and what does Tbe results of this study may provide a basis
for future research on this topic.

Key words: Service design. Usaxperience Electric vehicles. Urb@a e-mobility transition. E-
mobility adoption.
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I1l. Abbreviations

SD: service design

E-mobility: electric mobility

Cl: charging infrastructure

CS: charging stations

CP: charge point

EV: electric vehicle

PHEV: plugin hybrid electric vehicle
CPS: charge point servi¢providerg

ICE: internal combustion engine (vehicle)
PPP: public private partnerships

IV. Interchangeablevords
I Users, consumes and drives (and referring to private individuals)

I EV will be used to refer to botlug-in electric vehicls andto hybridswhich will be further
elaborated upon in section 1.1
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1 I ntroduChawe2x, 202

Climate change is undoubtedly one of the biggest challenges of our times, and the reduction
of greenhouse gas emissions i s cr (Egnéragl for
Trosvik, 2018; The Economist, 202Zjowe v e r even though the w
pledged to steeper reduction of emissions these pledges still fall short of what is needed to
keep rising global temperatures below 2 degrees Ce(dibe Economist, 2022)The
transportation sector iesponsible for large amounts of CO2 emissions with cities being
responsible for nearly 80% of carbon emissi@tiaddadian et al., 2015; Kneeshaw, 2012)

Taking into account the ur geaies, busnesdes &ndr a
governmerg all over the world a c k n o wl ebedrg evehitleds EMs) are a key
contributor to environmental sustainability by helping to reduce resource scarcity and
environmental declinéBoucetta et al., 2021; Haddadian et al., 2015, p. A8¢ording to

mary scholars, EVs are a groubdeaking substitute tomternal combustion engin€¢ICE)

vehicles with the ability tonake city streets cleaner by improving air quality via the decrease
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of CO2 emissions, and quieter by reducing the noise normally generat&@Ehbyehicles
(Kneeshaw, 2012; Pare®osch et al., 2021)

Many countries have set ambitious targets to improve the EV market share, however despite
promotion strategies for EV adoption evidence from various countries reveals that adoption
remainsslow as governments have been lacking to address all market segments (i.e., the mass
market)i especially in an urban context for drivers relyingstreet parkingBanjarey et al.,

2021; Trip et al., 20190 far EVs have been confined to niche maskgiments of affluent
consumers with private home parking, or to fleet operators (public or p(iapegt al.,

2019) But for EVs to move out of the top tier niche market and to reach the masses, those
with on-street parking must be taken into account to enable EVs mass addpimoet al.,

2019; Wolbertus et al., 2018)

The transformation of the transportationtsedo emobility is without a doubt one of the
most momentous transformations of our times, and one that will necessitate many disciplines
involved in its facilitationKneeshaw, 2012; Haddadian, et al., 2015)

1.1 Electric vehiclesbackground (Chavez, 2022)

EV refers to any vehicle in which some or all energy for operating the vehicle is supplied by
electricity from tbhateryeledricverscledfBEVYs); plugin elesciicc h  as
vehicles(PEVs); andolug-in hybrid electric vehicle€PHEVS) . A BEV or PEV utilizes only

an electric battery powered motor to operate, and this battery is charged via a charging
infrastructure (CI) point that connects to the energy grid. A hybrid on the other hand (i.e.,
PHEV) utilizes an electric powered engine, but when the battery runs out of energy the vehicle
switches to an internal combustion engine, as those found in ICE vgibkas et al., 2019)

The EV industry itself is the merging of two formally different sedottse transport and
energy sectors, and as a result currently with fewer regulations and congBamsey et al.,
2021; Yang et al., 2016 The main stakeholders that comprise this emergent industry can be
divided into three clusters: 1V service providers (such asutilities and charging
infrastructure 2.) EV service operations (such as EV business models, infrastructure
planning, EV chaging operations and public policy) and BY adopters (such agprivate car
owners, private fleet operators and public fleet opergtorfiese three clusters all operate
under the umbrella of the government (Shen, et al., 2019).

1.2 Motivation

During the preliminary inquiry to this thesjsa traditional narrative review was conductied
investigataf, and if so how service systems desi¢gB8SD)could facilitate EVs mass adoption in an
urban contextThe findings in the reviewxploredkey barriersand opportunitieto EVs mass urban
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adoptior® and in how SSDcould potentiallyassist in lowering #sebarriers by leveraging the
opportunities In the conclusiorof the reviewvarious possible future research directions were
addressetbr further explorationOf these possible future research directions, the motivation for this
thesis is to zoom in and examine #evice interaction perspectivé the valuecreation process, as
service design must take into account the changes in interbetiwwaen users arad electric vehicles
(EVs) (Morelli et al., 2021; Silvester et al., 2013) such as w#hrs charging behaviér of group
specific needsuch aghatof urban dwellersvhorely on onstreet C6 andon how charging services
should be providd as there is still much uncertainty in these early stages of market development
(Chavez, 2022; LaMonaca & Ryan, 2028% was revealed in the literature review more research is
lacking in the area of EV users and in the chaafenteractionbetween users and this new
technology. Thus this thesis seeks to zoom into the user experience of begdaneE, and to
emphatically investigate what this experience is like (i.e., what is working and what could be
improved upohto further facilitatea smoother transition to green mobility that can ensure EVs mass
adoptionthat is necessary to help meet target C02 emission reductions by 2030.

1.3 Learning objectives

The official learning objectives for this thesise defined by Aalborg Universityas conpetences,

skills andknowledgethe service systems designer must ob@mih t he compl eti on «c
program The personal learning objectivese areflecion personalintentiors and of research
curiositiegobjectives while embarking orthesis procesand for its final deliverable

1.3.1 Official learning objectives (AAU, 2020)

Knowledge

Students who complete the module will obtain the following qualifications:

i Must have knowledge about the possibilities to apply appropriate metigamdlapproaches to
specific study areas.

I Must have knowledge about design theories and methods that focus on the design of advanced and
complex producskervice systems.

Skills

Students who complete the module will obtain the following qualification

i Must be able to work independently, to identify major problem areas (analysis) and adequately

address problems and opportunities (synthesis).
I Must demonstrate the capability of analyzing, designing and representing innovative solutions.
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I Must demonstrate the ability to evaluate and address (synthesis) major organizational and business
issues emerging in the design of a proekatvice system.

Competences
Students who complete the module will obtain the following qualifications:

I Must be able to master design and development work in situations that are complex, unpredictable
and require new solutions (synthesis).

i Must be able to independently initiate and implement dischdpeific and interdisciplinary
cooperation and assumeofessional responsibility (synthesis).

I Must have the capability to independently take responsibility for own professional development
and specialization (synthesis).

1.3.2 Personal learning objectives

i To gainmore theoretical knowledge amaacticalexperienceof zoomingin andworking with
serviceas aninteraction(Morelli et al., 2021)with focus on the user experience (UX).

I To practice selicare and mindfulnedsstaying open, curious and to enjoy the thesis process in its
exploration, learningnd apjcation of differentservice desigmools and methods

i To hopefullyfind afeasibleservicesolution thatanaddresgurrentuser pain points transitionng

from internalcombustionengine (ICE) vehicles t&Vsd a solution which could further facilitate
the successful EV mass adoption in an urban context.

I To hopefullyinspirefurther EV user researchnd on how charging services should be provided as
there is still much uncertainty in these early stages dtehdevelopment (LaMonaca & Ryan, 2022
Chavez, 202).

1.4 Reading guide

This reading guide provides an overview of the thesis chapters.
Chapter 2: Related works

Chapter 2 presentssummary of keinsightsfrom a preliminary inquiryiteraturereviewd and with
a brief overview of service design as a discipline, of its fundamentalssgadential to facilitate EV
adoption. Followed by the project context and academic research question.

Chapter 3: Research methodology

Chapter Jpresents theesignmethodologies that were employed to explore and aim to answer the
research question. The chapter summarizes with a visual representation of thelesgraksearch
process.
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Chapter 4: Design process

Chapter 4 the design process is organicett i owi ng t he Doubl évidédiintomo n d ¢
sections based on the four Double Diamond pléaskscover, define, develop and delivaiis

chapter documents the entire service design process that was undieotakesercentered problems

that wereidentified during the research to finding a viable service design solution to address these.

Chapter 5: Discussion

Chapter5 discusseshe academic research questions based on key findings and reflections upon the
design process and the academic ampersonal learning objectives.

Chapter 6: Conclusion

Chapter 4 concludes on the key findings related to the academic research question. Additionally, it
presents the limitations of this study and possible areas of future research.

2 Rel ated wor ks

This chapter presentssummary of keynsightsfrom the preliminary inquiry revied and witha
brief overview of service design as a disciplinéits fundamentalsand potential to facilitate EV
adoption.Followed by the project context and academic nesequestion.

The chapter is divided into the following subchapters:

2.1 Preliminary inquiry

2.2 Service design

2.3 Service design (SD) as a facilitator to EV adoption
2.4 Project context

2.5 Research question

2.1 Preliminary inqui ry

As aforementioned in the introductiontigr to commencing the design process for the thesis, a
preliminary inquiry was ¢ o0nducThe greliminarg ingairy 6t r a
involved searching for and evaluating relevant gegrewed(and gay literature with focus onif,

and if so, howservice systems desigould facilitate electric vehicles (EVs) mass adoption in an
urban context.

It should be noted that the preliminary inquigview started off asa semester project fahe 9
semest er o fanditwas ddliveredbased 6r& total of20 reviewed articlesThus at the
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start of 10" semesterthe literature review was expandedntmw includean additional 24eviewed
articles. Furthermorehé writing of the review was expandeplonas wellbased on the additionally
reviewed articlesThis expandediterature is included in this exam haimd

In order to facilitate conteXpr a red threadin the readingof the thesisbelow are the expanded
reviewd s findingsto barriersand opportunitieso EVs massurbanadoptionin an urban context

2.1.1 Key barriers (Chavez, 2022, p. 1-22)

Lack of public EV charging infrastructure

EV technology has only continued to improve with, for example, car batteries that are now
more efficient allowing for longer driving distances and with faster charging capalfilitips

et al., 2019) Yet one key barrier remains at the forefront thdtimslering the mass adoption

of EVsd the lack of public charging infrastructure (Cl) whose development is key to EVs
continued market growttAnthopoulos & Kolovou, 2021; Banjarey et al., 2021; Kongklaew

et al., 2021; Shi et al., 202[L)é EVs require adquate CI but presently there exists a lack of
publicly available charging stations (CS6)
trips, thus limiting the utility and attractiveness of having an(BVHall & Lutsey, 2017,

Luo & Qiu, 2020; 3vester et al., 2013; Trip et al., 2019upporting Cl is deemedcaitical
success factoio the mass adoption of EVs as Cl is supporting servicaecessary for the

basic functionalityof EVs thereby enhancing consumer confidence in EV technology
(Adhikari et al., 2020; Bakker & Jacob Trip, 2013; Maia et al., 2018) This is especially

the case for urban dwellers in areas where dedicated parking facilities are limited, or nil, and
with very few EV owners having access to private home chargiogsaibilityd thereby
having to solely rely on public CI for their charging ne@glerkeley et al., 2017; Burkert et

al., 2021; Calearo et al., 2021; D. Hall & Lutsey, 2017; Pd&¥dsch et al., 2021; Shi et al.,
2021; Wolbertus et al., 2018)

ORanget yabh xi e

Various studies have shown Orange anxi ety
anxiety describes drivers stress regarding the available battery range while driving an EV, as
with &érange anxietydéd EV us er dwitheampty thattelies gi c a
(Broadbent et al., 2018; Elkind, 2017; Salah & Kama, 2017; Tripetal., 20 nge an x i
is highly discouraging to potential EV consumedte to the lack of public @l particularly

crucial in dense cities wheet-home charging is not a feasible, or an available offtimnet

al., 2022).
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Lacking interoperability between CI/CS networks

Since the EV market is in its early stages of development there is vast uncertainty on how EV
charging services ought to be delied, as well as which policies are best to implement for
continued development (LaMonaca & Ryan, 2022). EV refueling lacks considerably to ICE
vehicles in charging methods and types of accessibility (Anthopoulos & Kolovou, 2021).
Currently despite all thnological EV improvements since entering the mar&eisting

Cl/ CS6 networks stildl suffer from f amgment
with missing standards and regulations amongst the networks (Broadbent et al., 2018; Hall &
Lutsey, D17; Salah & Kama, 2017; Trip et al., 20189} the moment there is no direct
communi cation avail abl resultmgih sdated net@drks @iren e t
users cannotcross et wor k C®H Shahai ai aneds «ama, 2017, p
remain linked to various types of payment methods via a large number ofcbrage point
service(CPS) providers who all have differemtcessibility and paymemethods for their
charging services (Burkert et al., 2021).

Significance of access mode

Improvements in interoperability are urgently needed as the availability and accessibility of
CS networks is iIimportant t o & tdshighlghtinggheaf or
importance that besides requiring available CI/CS networks, useraceesstibility to them

all (Broadbent et al., 2018; Salah & Kama, 2017). Interoperability ensures that EV drivers can
travel as they would with ICE vehicles by having the ability to refuel at any CI/CS network
provider, thereby facilitating for EVs to bechoser substitute to ICE vehicles infreeling

and payment convenience, accessibility, asekfriendliness (Broadbent et al., 2018;
Falchetta & Noussan, 2021; Salah & Kama, 2017)

Lacking or poor policies, regulations and incentives

Numerous initiives for emobility are being supported by governments, companies,
universities and private individuals but as a key barrier many of these activities are not well
aligned (Trip et al., 2019) For example, a lack of public Cl policesuch as for
interoperabilityy are not ensuring EVs can be a closer substitute to ICE vehicles (Egnér &
Trosvik, 2018). For exampleharging behavior control policis a key issue to address as e
mobility requires changes in user behavior (i.e., switching from ICEcheshio EVs way of
charging)(Berkeley et al., 2017; Silvester et al., 2013; van der Kam et al., 2020; Wicki et al.,
2022; Wolbertus et al., 2018jor example, Wolbertus et al. (2018) explored different policies
for dense urban areas where there is dbtsn-street parking and with high parking pressure
and found that free parking policies for EVs have become problematic when EV owners (with
at home charging capability) use the charging spots for free city parknd additionally EV
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users have no reasdo remove their EVs from charging points after the completion of the
charging proces$s which is a challenge in busy urban arésrkert et al., 2021)

2.1.2 Key opportunities

Multi -stakeholder collaboration

Due to the complexity of the EV ecosyst@rauchas with development of its public charging
infrastructur® the EV transition necessitates multiple disciplines (Berkeley et al., 2017,
Geronikolos & Potoglou, 2021; D. Hall, 2017; Kneeshaw, 2012; Kongklaew et al., 2021,
LaMonaca & Ryan, 2022; Silvester dt,2013). For example, big cities face challenges
allocating reserved spaces for EV parking and charging points in busy urbafé aeas
identifying public CI locations is a complex task and it is important to bring in all relevant
stakeholders (e.g., cityall officials, energy companies, grid operators, IC installers, etc.) to
engage in multidisciplinary collaboratidgBerkeley et al., 2017; D. Hall, 2017; D. Hall &
Lutsey, 2017; Kneeshaw, 2018lobally this has been observed to be the most effective
means for the deployment and implementation of public CI/CS networks in leading EV
markets (Hall & Lutsey, 2018). Since transport is a public establishment it affects a broad
range of interests from people and organizatioasd emobility, being a disruptie and
emergent transport system, requires the engagement of a diverse set of stakeholders to partake
in a broad discussion about the societal implications of the EV transition as it requires both
cultural and infrastructural changMaia et al., 2015)Silvester et al. (2012) found that
designers of these newngobility concepts must reflect on the cultural trends of these new
mobility patterns, working together with muttisciplinary backgroundsuch as those of
architecture, urbanism, industrial desigand energy engineeridgas well as with
municipalities, traffic police, power companies and other government depar(@evester

et al., 2013; Yang et al., 201Q)yip et al. (2019) further elaborate that to effectively
implement emobility it is key to involve various stakeholder groups that also include
knowledge institutions, fleet operators and especially private EV consumers, as their interests
are key to EVs successful mass adoption.

Government 6s effective policies, regul a

Government plays a key role in the development of the public ClI network, and for this
development to occur support policies are necessary to create a stable foundation for further
market expansiofFalchetta & Noussan, 2021; Kneeshaw, 2012; RBabkxh ¢ al., 2021;

Trip et al., 2019) Targeted policy measures for public ClI have been found to be the most
effective means to increasing EVs mass adoptfmderson, 2019; Bakker et al., 2014;
Bakker & Jacob Trip, 2013; Banjarey et al., 2021; Broadbent,&Cdl8; Calearo et al., 2021;
Falchetta & Noussan, 2021; D. Hall & Lutsey, 2017; Santos & Davies, 2020; Sierzchula et
al., 2014; Trip et al., 2019; Van der Steen et al., 2015; Wolbertus et al., Bah@rey et al.

(2021) reviewed the EV policies ofmious countries, via an-gkepth study on EV adoption
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policies, and found that since public CI is crucial to accelerate EV adoption the role of
government is key to facilitating EVs acceptance and deployment as well as to building the
EV ecosystem. But aaforementioned, policymakers in urban cities with street parking face
a dilemma on how to organize public CI effectivlthus Wolbertus et al. (2018) addressed
how governments must facilitate public charging networks taking into acdesigin policies

for optimizing the use of public CI/CS networks, and their effects on adoption (with focus on
urban EV owners with public charging as a dominant mode). The findings revealed that
charging behavior control policieare key, especially in busy urban areas witkstreet
parking and with lots of parking pressure (ibidjhat is more, Trip et al. (2019) found that

to effectively implement -enobility, it is key to apply asynchronized comprehensive
approachto policies (involving various stakeholders groups) a$ whe typicaltransition

policy municipalities try to cope with the interests of various different stakeholder groups
including nonrEV drivers who too want to have a stake on the developments in their
neighborhoods (Bakker et al., 2014; Trip et al., 204@lbertus et al., 2018). And for the
development and deployment of public CI, public support is inevitably needed (Bakker et al.,
2014).Furthermore, Silvester et al. (2012) explored how municipalities could install public
Clin away that is viable argbcially inclusive directly benefiting both EV drivers by having
more spaces to park and chargend indirectly benefiting all citizens from the reduction of
both air pollution and the reduction of the noise generated by ICE vehicles. But, again,
municipalties must ensure citizen biry as well as political support (LaMonaca & Ryan,
2022; PardeBosch et al., 2021).

Thus far, various governments have created programs for the construction of CI through
incentives, regulations and partnershi{i. Hall & Lutsey, 2017; Sierzchulet al., 2014).

The most preactive cities, that wish to stimulate EV uptake, adopt various policy measures
such as: investment in a large number olstrieet CI/CS networks; incentives for business

and individual EV owners (e.g., with financial supportiristall charging points)public-

private partnership (PPPs) to purchase and install equipment and to reduce investment risks;
parking policies so parking spots are not monopolized by fully charged EVs, or taken up by
ICE vehicles; and regulatory measute®bligate property developers to include visible and
convenient Cl in 1£20% of parking facilities in apartments/condominiums, offices and within
activity areas such as shopping centers th,
lives (Bakker& Trip, 2013; Broadbent et al., 2018; Hall, 2017; Hall & Lutsey, 2017; He et

al., 2022; LaMonaca & Ryan, 2022; Rezvani et al., 20EG)thermore, many cities create
programs to specifically target drivers relying onsireet parking in city areas whettee
potential charging demand is hifakker & Trip, 2013; Elkind, 2017) eading governments

have created and provided programs that target different market segments, and programs
which are transparent and easily accessible for EV drivers andridwaskiy stakeholders (D.

Hall & Lutsey, 2017).

Innovative business models &ublic-private partnershipgPPPs)
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The current business model for EVs is not sustainable for the development of public CI due
to the private sectors reluctance to invest untiterieVs are on the road, while at the same
time consumers are averse to adopting EVs until there is sufficient public Cl available to meet
their charging needs the Chicken and Egg dilemm@Volbertus, et al., 2018). Various
studies agree thanovative bumess modelsan help to address lack of public Cl, and its
resultan r a n g e , by pravidiegtngvél solutions that can create and capture EVs values
thereby facilitating a smoother transition to EV mass urban adog#iathopoulos &
Kolovou, 2021; Bkker & Jacob Trip, 2013; Berkeley et al., 2017; Haddadian et al., 2015; D.
Hall, 2017; D. Hall & Lutsey, 2017; Kneeshaw, 2012; Kdksal, 2021; Kongklaew et al., 2021;
LaMonaca & Ryan, 2022; Pardgosch et al., 2021; Salah & Kama, 2017; van der Kam et al.,
2020; Wolbertus et al., 2018New emobility business models can link three important
sectors that were previously isolated from each otbeginal equipment manufacturer
(OEM) industry, energy systems and transport infrastructure (S. Hall et al.,. 2018)
innovative business modelsities can capitalize on governance roles and build[ oé ]
existing relationships with EV stakeholders such as utility companies, grid operators, citizen
and consumer groups, business support agencies, research isstitelécle suppliers and

uni v e r(sneashaw, 2012, pp. 4). The EV ecosystem necessitates new and innovative
business models to facilitate the vital changes necessary for the development of gublic CI
as well as for anobility services, to market effeeely and to change travel behavior
(Haddadian, et al., 2015; Rezvani et al., 2015; Bakker & Trip, 2013; Kneeshaw, 2012).

The conditions for successful innovation are to stimulatereation in multistakeholder
collaboration (across the private, pubdind norprofit sectors) to share risks and gains, and

to open and share knowledge of successes and féilares this innovation relates not only

to EV technology but to the processes such as forming partnerships, models of finarce and e
mobility services(S. Hall et al., 2016; Kneeshaw, 2012; LaMonaca & Ryan, 202@)
governments must step in to facilitate this new network configuration to enable a way to
sustainably support this transition both for the private sector and for civil society (Wolbertus,

et al., 2018)Here, Yang et al. (2016) and Wang and Ke (2018) foundpthilic-private
partnershipgPPPs) are an effective way to accelerate the development of public Cl as PPPs
of fer a way to access the private sectoros
burden for muni ci pal i ti ewsi.n6P PsAst ueadtidaghitiee bayc |
purchase and installation of public Cl equipment, where the public and private sectors can
share both risks and costs and thereby enhance mutual project management and profitability
(Hall, 2017; Kneeshaw, 2012). For instance, for several yeaesmments and private firms

have been building infrastructure with many countries in the EU having established PPPs to
increase public Cl (Banjarey, et al., 2021). Governments are in a position to actively facilitate
PPPs, and will continue to play a cralaiole, as their participatioreduces perceived risk of
interventionandthusprovides security to private sector actors (Silverster, et al., 2013; Hall

& Lutsey, 2018). Furthermore, collaboration with entrepreneurs, investors, researchers,
financiers ad banks has been found to be a promising way to succeed (Kneeshaw, 2012).
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2.2 Service design

In definitoniser vice is a time perishabl e, i ntangi bl
a role of ceproduceo (Fitzsimmons, 2014%ervices are humatentered and are relational and social

in naturei aswell as temporal as they happen over time and space and are based on interactions (i.e.,
the service encountg(&imbell, 2009; Penin, 2019Pepending on the nature of the service, that
interactio® orwhat t he desi gneércauld bealalranggsuoh ascwithpriniecht s 0
mderials customer service call centerdigital websites or appsand/or with service personnel
(Kimbell, 2009) And these encountecsuldtake placatac ust omer 6 s own home o
at locationssuch ason the street when parkingn EV to plug into chaigg serviceinfrastructure

(ibid).

Services have been designed without service designers for de@dddezini, 2015)but the
emergence of sevi ce desi@homasdoapietassdi on is fairly
originating from distinct areas of service managemstidies and from services marketing
(Fitzsimmons, 2014; Kimbell, 2009; Wilson, 201&)is an emergent profession (Kimbell, 2009)
rooted in &esign thinking with a humarcentered approach to designing services through
collaborative methods (Stickdorn et al., 2018, p). ZBervice designis an explorativeand
multidisciplinary practice tat involves working with diverse stakeholders to create new forms of
value creation (Kimbell 2009 as cited by Manzini, 2015. P. B8%. a desigrdriven practice that
applies the tangible practices of design with strategic and sybtsad approachesgifin, 2018 as
cited by Peruccon, 2028) designing from the micro level of useentric interactions to the macro
level of the configuration of ecosystems that connect diverse networks of stake(idlolei§ et al.,
2021; Peruccon, 2021; Stickdorn & Sclueg, 2018; Vink et al., 2017).

Service design is often described as a-gsetered, iterative and creative process that prompts
service innovatioiiStickdorn & Schneider, 20183D focuses on creating afwl improving services

to deliver better usaxperiences and outcomdsis involves understanding the needs, desires and
behaviors busesd as well as considering the various touchpoints, interactions and processes that
make up a servicexperienceg(ibid). Here service designergapply desigrthinking principles and
methods to analyze, visualize and inno\atdo improve)services.

SD as a practice is based on the followsegvice desigfundamentals (below tablg.3

Service Design as a
practice is based on
the following
fundamentals :
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(1) It is user-centric

(2) It is co-creative

(3) It is sequential

(4) Key to evidencing
services

(5)It isholistic

Theenduser 6s perspect i v e Servce degignet
must have a deep uneedsmatigtioasand pam
points. This can be achieved by employing various research me
such adield research observations, interviews and user testing in !
to gaininsights.Here empathy is a key capabilég it requires havini
the capacity to understand uskzelings thoughts and individual
experience§ i . e. , t o put y(BuldrasEnpdthy Maj
| Coursera n.d-a; Stickdorn & Schneider, 2012)

In the process of designirigr redesigninyga rvicethe value of hving

users and stakeholders engaged in the design pliscessredive (ibid,

p. 31) It is a creative, humanentered procesachievedthrough
collaborative methods that enabblistic and meaningful improvemen
(Chavez, 2022; M. Stidorn & Schneider, 2018, p. 20)he service
designer 6s key t areckssby iacludingdifféerent
stakeholders in the design procé@s®rder toenable value creaticior

all actors within a givenservice systenfStickdorn& Schneider, 2018
p. 30)

By applying tools such as user journey maps service designer
visualize theendto-end user experience to identify touchpoints o
betterunderstand user emotions and interactions throughout the
userjourney(pre-, during and posta service experieng¢Stickdorn &
Schneider, 2012).

Since services are intangible as they cannadesm, smelled, tasted
touched(Fitzsimmons, 2014%D is key to making services tangible \
physical evidenceuch as witiit he t an g i b |petotges|
immersive experiences and/or scenari¢€havez, 2021, p. 6)For
example, srvice designerslevelop prototypes, both physical and
digital, to test and iterate service concepts

Service designers hone in on the experience of all stakeholders en
with a servic®d zooming in and out on a mictomese, and macre
perspective to consider the service in fgrained detail and to zoom o
and consider the service as a whole (iesee the forest for the trge
(Kimbell, 2009) Service designers considére entire ecosystem f
analyze the dependencidateractions and interrelationships betwe
different stakeholders, systems and touchpoldése service designe
canidentify opportunities for service innovati@uch as by »gloring
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new business models and value proposititmenhance the overe
service experienceViewing the service in a holistic manner enak
servicedesignerdo understand all aspects of a senacel tohow it is
perceived by the uséstickdornand Schneide2012, p. 38).

(6) Isiterative Service designers embrace an iterative approach, continuously le¢
testing and refining service concepts.

Table1ld Service Design Fundamentals (Stickdamd Scheneider2012; Stickdorn and Scheneider, &)1

2.3 Service designSD) as a facilitator to EV adoption

fiService design has the potential to inspire social and cultural transformation, to reshape business
and industrial processes. It plays an important role in howvtnkel can innovate more sustainably,
especially due to its humarentered viewpoin{é ] Design, as a problesolving discipline, can be

used as a tool to stimulate the necessary innovation that deals with a large number efetatetin
constraints suchas with EV mass adoption in an urban con{@&ischmann, 2020, p. 1$ervice
designers are more and more involved in devising service concepts around puticaEVS,

with the potential tdacilitate the adoption of such produdty applying a sercentric perspective

aimed at deliveringpetter user experiences and outcof@sschin & Gaziulusoy, 2016, p. 131).

2.4 Project context

A few years ago Denmar kds government understo
in order to meet its ambitions to reach CO2 emissions reduction goals by 2@&aGaV 2, n.d.)

But the Climate Council h dian planssnet sugrenity méehng the t h e
expected CO2 reductions needed to meednibitions(The Climate Coungiln.d.) To facilitate the

green transition, the transport sector is central to decreasing CO2 emissions where electric mobility
(e-mobility) is a key focus and centrablution (The International n.d.) However, this requires
increasing the number of charging infrastructuaed of its service offerings (ibid) especially

crucial to vehicle owners living in muitinit dwellings, without ahome charging accessibility thus

having to relysolelyon onstreet charging services.

In latest available statistics 46% of Copenhageners reside inunititiwellings(Statistics Denmark
n.d.) however the Transport Sector has announced that thergrasving gap between the number
of infrastructure services available to drivers as vehicles on the road are three times axlayany
(The International n.d.) Per StatisticsDenmark the number of EVsand hybrids on the road
increasedy 70% in 202to over 112,00@ehicles)compared t®6,600 vehicles i2021(Statistics
Denmark n.d.;The Postn.d.) And most recently in May of this year (2028 number of electric
cars sold was twice as many as in the spen®d in2022(Nyhedsweerblik 1. Juni TV 2 n.d.)

This is problematigvhen currenthchargingservices are lackingnd fragmentedespecially for urban
dwellers who rely on ostreetcharging infrastructure servicés their charging needswhich can
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slow down EV mass adoptio@hen (2019) found that vehicle owners living in apartments are two
and a half times less likely to own an EV in comparison to those whbrat private parking and
charging accessibilitytermed an EVOap ar t me n td mgkang a ermpliocatedt addse for
Copenhagen to effectively transition from ICE vehicles to EVs when 46% households reside in
apartments(Statistics Denmarkn.d.; The International n.d.) Large EV penetration requires
charging infrastructure, arad its servicesthat carsatisk all maket segmentsansport needs thus
newways must be found to push development and to be qbioit it(Calearo et al., 2021, p..5)

2.5 Research question

This thesis makes the following contributioisrst, this thesis aims to exploh®w, and if,service
desigr® at a micrcelevel of service as an interacti@ncould help to facilitateeV mass adoption in
an urban contexXMorelli et al., 2021) Secondit aimsto identify opportunitieso how SDcould help
to accelerate EV mass adoption (in an urban comext)ere previous reviewbarriers and
opportunitiesare taken into accourdnd applied tousercentric researchn order to identify
possibilitiesserviceimprovementsandbr innovatiors, that can adres uses key pain points irtheir
urbantransitionto e mobility.

The main resear c MowranesriiciDesign ahanticreke\els help to fadtate

the transition tcelectric vehicls(EVs) mass adoption in an urban co
3 Research met hodol ogy

This chapter presenthie methodologies that were employed to explmd aim to answer the
research questionThe chapter summarizes with a visual representation of the overall research
process.

The chapter is divided into the following subchapters:

3.1 Double Diamond

3.2 Design thinking process
3.3 Research process

3.1 Double Diamond framework
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Figure 16 Double Diamond framewodkselfadapted (Chavez et. al, 202Design Council, n.g.

The Double DiamondDD) is a design process model that was developed byiiish Design
Council Itis a visual representation of divergent and convergent stages in the design(Desiss
Council, n.d.) Because the design process is never a linear procd3®thermits servicelesigners
to go back and forth ifwhat is]an iterative and exploratiyrocesqStickdorn & Schneider, 2018)
The Double Diamond framework consists of four key phdbsistory of the Double Diamond
Design Council n.d.; Penin, 2019)

1. 6 Di s c ov @The firsh laa ef dhe diamond, explores the problem space and gathers
insights. This stage involves conducting research, gathering user requirements, and
identifying opportunities and challenges. It is a divergent phase where theifoons
exploring a wide range of possibilities.

2. 6 De f i n dAftprihe discdver stage, the second half of the first dian®tite define
phaseAt this stage insights and knowledgétgaedare synthesized to define the problem or
challenge more clearly. This process involves analyzing and synthesizing research data,
identifying patterns aridr themes and framing a problem statement.

3. 6 Dev el oi®Once theapsoblém is clearly defined, thgergent phaseommences again
in the first half of the second diamond. In this stage, multiple ideas and solutions are generated
through brainstorming, prototyping, abg exploring different possibilities. The emphasis is
on experimentation and iteraido arrive at the most promising design solutions.

4. 6 De |l i v e The finkl hadf ef the second diamond represents the convergent phase of the
design process where ideas and concepts developed in the previous stage are refined, tested
and implemented. Btotypes are further developed and refined based on user feedback. Here
the goal is to create a final, well execuseavice/producbr solution
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Applying the Double Diamond design framework offers several advansagésas having a clear
structure, a usecentric focus, divergent and convergent thinkiaigd in being iterative and flexible.
However there ardimitationsas well.The DD does not provide detailed guidance on specific design
methodsor approachés thus designers may need additional resourtteseffectively carry out
activities at each phase of the framew@dX Collective, n.d.) Overall the DD design framework
provides a useful structure for approaching the design process. It encouragemntrggihinking,
exploration of ideas and iterative development. However, it is important to adapt and complement
the framework with other methodologies and practicesngure a comprehensive design process
(ibid)o hencethis thesiautilizesthe design thinking processéonjunctionto the DD framework.

3.2 Design thinking process

This section willpresent thelesign thinkingorocessand the five stages it is comprised pttured
below (fig. 2). The design thinking procesgas found to be a relevaapproachto complement the
DD frameworkin seeking to solving useentricproblems and desigsolutionsas it offers detailed
guidance on dégn methods and approaches at each phase of the desigisgtdX Design, n.d.)

\/ \/ - !-

-(C) -2 ¥
e =

Empathize Define Ideate Prototype Test

gy

Figure 2 Design thinking processb{d)

The 6design thinkingd process, |ike the Doubl
to organize their approach to designs. This framework heigecus on the user; to create solutions

that address user needs; to validate design solutions and to iterate the design as needed to create th
final desired user service experierfit®d).

Thed6design thinkingd pr oc es dgefine ndedtey ptatosype fandwvtest. s t ¢
Similarly to the Double Diamon(DD), the framework diverges and convesgand was applied in
conjunctionwith the DDto complementhe design research

During the empathize phase the primary goal ie@aon more abdiuthe used about their problems,

wantsand neds.User research can include surveys, interviaag observationgn the define phase,
user research is analyzed to determine which user problems are the most iropeddatsolve and
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why. After ideating on how to solve thieey identified problem prototyping commences with the
goal of an early model of the desigalutionthat can be testetd ensure the right solution is being
developed to address the wWsquroblem

3.3 Research process

Below (fig. 3) visualizes the overall research process of this thesagmi to illustratdhow the two
chosendesign methodologieare utilized in the entiredesign process. The D serves as a
methodologyapproacho theoverall design processwh i | e t htehidndke sniggmpr oces s
the complementargtages or design methods and approachesjertaken at eagbhase A third

initial diamond wasaddedto visualize the preliminary inquiry undertaken via a literature review, as
aforementioned in chapter 3.

RESEARCH PROCESS N

Timeline Jan-March April-May

Framing focus area Research evaluation

Preliminary inquiry Discover Develop Deliver

UNSTRUCTURED IDEAS & ANSWERS/
© 1 —— RESEARCH  -..... HMWQUESTION -~ Ty, .
FINDINGS ANSWERS SOLUTION
+PRIMARY RESEARCH +INSIGHTS +IDEATE *TETT'EG;‘::,:EN
+DESK RESEARCH +SECOMDARY RESEARCH +THEMES +EVALUATE +B:.IILD &TEST +REALEASE
+CLUSTER TOPICS ~0OPPORTUNITY AREAS +SET OF IDEAS
+FINALIZE
EMPATHIZE: RESEARCH DEFINE: USERS MEEDS IDEATE: GEMERATE PROTOTYPE & TEST:
USERS MEEDS & PROBLEMS IDEAS & CHALLENGE CREATE SOLUTIONS &
ASSUMPTIONS TEST W/USERS

Figure 30 Double Diamon& o6 desi gn t Idselirkaden&gadaptpdrom @esgrsCouncil, n.d.; UX Design, n.d.; Penin,
2019)
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Desipgmomcess
In this chaptethedesignproces is organizedollowing the DoubleD i a m o frahéwerk
This chapter is divided into the following subchapters:

4.1 Discover
4.2 Define
4.3 Develop
4.4 Deliver

3.4 Discover

The Discover phase started withe preliminary inquiry literature review, conepiented with
additional desk researan the market and demographics@openhageto further understand the

current context of EVscurrent adoptio® in an urban contefttaking into account socio
demographiaata, such asf the percentage afrban dwellers residing in apartmernits addition

the discovery phase includethostly qualitative, and some qudative, datat o expl or e
environmemal circumstancesusersbehaviors, motivationsnd frustrationfpain point3 in their

transition to emobility.

This subchapter will be divided into the following sections:

4.1.1 Desk research

4.1.2Messy brainstorrmap

4.1.3Field research

4.1.4Mixed method onlinewvey
4.1.5Seekingnterview participant flyers
4.1.6Semistructured UX interviews
4.1.7Empathy maps
4.1.8Conclusionto the Discover phase

3.4.1 Desk research

A key preparatory step in theistOdansaprelmearyd phe
understanding of the current context/situatiohthe design challenge. For this initial part of the
processsecondaryesk resealtwasusefulto gatherand synthege already existing researfiatg

achieved through the literature review and additionaketaesearclaboutCopenhageKiStickdorn

! Pain points are any issue that frustrates or blocks the user from getting what th@yseeeResearch in UX Design:
The Complete Bna@dinnerbés Guide
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& Schneider, 2012)The results of this desk research were presentix iproject context in chapter
2.

The conductedesk researcéh in addition to the preliminary inquidy allowed for furtherexploration

of the context of E¥ massadoption in an urban context in Copenhad@tus was especially pled
on investigatingEVs currentmarket developmenuser demographics amsh currentEV services
offering® such aswith charging infrastructureenicesfor urban dwellers residing in apartments
who areoutside of niche market segmerds those users witlathome parking and charging
accessibility

3.4.2 Messy brainstorm map

The messy brainstorm map wasvisual toolapplied at the start of théiscovery aseto help
generagand organizédeasby exploring various concepts aconnectiongStudySmarter, n.d.This
methodwas applied tdelp piece together the preliminary findinfyem the literature revievandto

help guidepossibleresearchdirections for further investigationin relation toEV uses and of

potential needs and challengeeymaybefacdng.Possi bl e pain poi nwhile wer e
possible opportunitiefor improvemerg weremarked with a statllustrated in below fig4.
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Figure 46 Messy brainstorm mappirigself-made
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Summary

Following the desk research antessybrainstorm mapthe information and ideas derived inspired
undertaking ethnographic field research to explore intneed, andin context, what is happening
with users atharging stations in Copenhagen

3.4.3 Ethnographic field research

Ethnographidield researclnvolves service designesearcher immersthemselveandto explore
services in real contextsituatiors, such as that of being an EV ug¢8tickdorn & Schneider, 2018)
This type of research cdacilitate interpretation ofuser behaviorsandbr situationsusers may
encountewithin thegivenservicecontext(ibid).

The field research was conducteetween April ¥ and May %. During this time periodrarious
charging station servic point® and their service provider® were exploredin various
neighborhood in Copenhagewhich included: Amager, Frederiksberg, Christianshawesterbro,
Indre by andN@rrebro.Hereeverything was observed from users utilizing charger points teethe
upof the charging stati@ such as with the numbeif chargerfparking spaesavailable the amount
of vehicles charging, the signage indicating charge points and time, lonitsck thereof. Andin
observingpossible pain points for EV users such as-cloarging vehicles blocking changfor EV
users.

Furthermore, the fieldesearch included approaching EV ust@rsseek outb qui ck and
conversatiom about their current experierscas EV uses. During these conversations the aim was
to engage in a casual conversatggeking to explore usérsotivations, needs, pain poidtgo
exploreexperiences andmotion® and follow upwi t h qu e st i on sthisssiluation a s
ma k e y o(Ethndgeyghic Rigld guide, n.d.)
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Figure 50 Field research phot@sselfmade

Key insightsand preliminary reflections

Y There was a vast differ enc ethehnmuntokleamingn e i g h
stationsand in availability of charge points. For example, Frederiksberg hathdise
charging stationw/ith chargingstatiors found within two to three blocks from each other.

Y Charging stations with designated tiparkinglimits were not as occupied, or complgte
full with vehicles as charging statiswithout timeparkinglimits.

Y A common themgand what seemed a possible key pain po@mergedat all
neighborhoodwisited (with the exception of Frederiksberg). Vehicfgarked at charge
points but not charg@ hence blocking chargers for those who may needdhama in
observation this was not only ICE vehicles blso EVs (illustrated above in figs and
below in fig.6).

Y During a couple oO6quick and oddBVtusedliviogonnv e r :
an apartment, had only recently switched twlaEV because he now had chargers at
work butstatedthat without that accessibility he would not have made the tiamdite
felt that the chargingnfrastructure in Copenhagen is insufficiemthe would nothave
purchasedis EV if he did not have at work charging acce&sotherEV owner was
struggling with the charger headplugged into abe realized thear had nbchargedHe
statedhat hehad left his car chargirtherethe previous day he was parked at a charging
station without time limits allowing him to leave his car parkedrnight.He expressed
he had just a few months ago purchasedyiisid EV, and Iked it because heandrive
fully electric in the city when he has the accessibility to charge his veBitddeurrently
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he was frustrated andas waiting on his phone for charge point service (CPS) pravisler
customer service to find out why his car med charged.

Y It soon became apparahfat finding more users to speak to was a difficult &k was
not very common to run into users at charging stations. tAedewtimeswhen users
wereencounteredhey would ban a hurry to their next destinatiofhis led toideating
onwhatcould be the next step, or stepsgton more user insight$hisled to the creation
of a user experiendq®X) mixed methodnline survey as well as to creating laminated
flyers to placeon vehiclesat different charging stations, in different neighborhoods to
seek out willing interviewparticipantqappendixl).

Figure61 Field research phot@selfmade

3.4.4 Online mixed method onlinesurvey

Following theinsightsgainedduring the ethnographic field research, an online mixed meGumyle
survey was createdSurveys tend to be used for descriptive or exploratory ressamth as with
seeking ougttitudes or opinions(Saunders, 2016 he aimof this survey was to quantitatively seek
out: what types ohomesrespondents lived at (i.¢hoseliving in multi-unit dwelling versus private
homes) if respondents found estreet public charging infrastructure to be sufficient emsee how
respondents ratechargingservices. Qualitatively, the survefthrough open questionspught to
gain more insights from users in regards to their experienitie®eingEV owners or leaserd and

2 Based on the number of respondetiie quantitative data was not taken into account in thegitdvas not a large
enough sampling. But the number of respondemisdeemedsufficient to validate the qualitative data collected.
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this included inquiring if users had experienced the aforementiobgervationduring the field
researchof finding charge points blocked by noharging vehicles.

Plug-in electric and hybrid vehicle user experience
(UX) research

Hello my name is Elisa and | am a Master's student of Service Systems Design at Aalborg University in
Copenhagen.

For my Master's thesis, | am researching how the design of plug-in electric vehicle services can be improved to
ensure an optimum and seamless user experience for vehicle owners, such as with public charging
infrastructure services.

Would greatly appreciate your valuable feedback with your current user experiences as a plug-in electric vehicle
owner or leaser.

Figure 70 Selfmadevia Google FormgAppendix 2)

Prior to shang the survea pilot test was perfmed to ensure respondents could actually complete

the surveyand to refine questions ifecessarySaunders, 2016 he online survey was open for
respondents between March@nd May20". It was shared through social media channels that
included LinkedIn, Facebook, Instagram and via email. In order to gererbtead range of
participants, the survewas sharedamongstfriends, family, colleagues and vthae participants
networks.The resit was a total of 38 respondents. Though thmignbercould be deemed as a
limitation, as it is not a large samplindue to the nature of the reseamttierms of qualitative data

the researchgoal was to get between 30 to 40 respondefitss amount wagonsidered to be
sufficient to gain further qualitative insightdiou s er s @ ne e d sas&Viddverse.x per i e n (

Key insights

Y Vehicles owners that chose drive aplug-in hybrid EV PHEV) over a full EVexpressed
the followingreasons for their choice
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“Because I do not have
the option to charge at
home, and to not have to
worry about the [car]
battery running out
before reaching [my]
destination”

“I live in

“Because there Copenhagen, and
are not enough I'm not guaranteed
[available] a charging station
charging [that is available
stations” when I need it]”

“To have
[flexibility in

areas with poor

charging
infrastructure”

Figure 88 User commenés selfmade viaGoogle Slides

The purpose with this initial question wasitwestigateif dr i ver 6 s wer e choosi
full EVs due to lack oavailablecharginginfrastructuré® astransitioning to a hybrid first, ensures
thatthose relying on ofstreet charging services will not run out of powsrenthey are unable to

find aplace tocharge their vehicle. The above responses confirmedhtimshto be the case
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Y When asked if respondents experierfaeting a charger blockety a noacharging vehicle,
the following responses were provided:

“Its just annoying. The
charger shows as available in
the charging apps, but then
obviously the space isn t free
because a petrol car [is]
parked there and you then
have to drive around to find a
new spot.”

“Quite annoyed. Why
“Very angry— is there no fines? Why
the car is taking does the municipality
up the charging let this happen? The
service providers
can't do much if it is

“Just drove on

to the next”
spot for someone

who needs it.”
not prohibited.”

“Called the service provider and
they told me to contact the
municipality as they themselves
cannot do anything about it. I now
get angry every time it happens, but
I have not contacted the commune
as I don't think they will do
anything about it.”

“Happens often and
“I felt angry, is very frustrating, “I was super
but there especially when the
[are] larger service app tell you
problems in the spot is
life.” available.”

annoyed but did
not do

anything.”

Figure 90 User commentsselfmade via Google Slides

These responses confirméthat this is a major pain poithat EV usersfrequently encountein
finding vehicles blockin@ccessibilityto chargersAdditionally, another key problem mentioned by
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oneuser is that opluggedin EVs that takeup chargers eveafter being fully chargédwhich is
problematicast h eumliier of EVs has skyrockebauhile sufficient Clservices arstill lacking

Y In additional comments respondestsared thdollowing:

“We need more charging
infrastructure in
Copenhagen. I see more
hybrids and electric vehicles
on the road now but I do not
see the construction of more

charging stations.”

“[In] Copenhagen the main
issues for access to charging
points are cars parking without
charging or charging stations
out of order.”

Figure 100 Usercommentd selfmade via Google Slides

Preliminary r eflections

Combined with the ethnographic field research, insights from the syma@yded invaluable
feedback on users current experiencésese findings thus contributed ideas for further
investigation ofusers current experiences and pain pdintsheir transition to EVsby seeking out
participants for senmstructured interview® as interviaving users is essential to understanding their
perspectives and to learn about thegim pointgCoursera, n.d.).

3.4.5 Seeking interview participants

The participants selected ftire irterviewresearch were based thre belowresearch goals and
target usersharacteristics.

Research goals
Y To understand the processes and emotions that people experience around the problem my

service/product wants to try to sofvesuch asa way toensurechargingservice accessibility
when it's needed
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Y To identify the frustrations people experierfpee, during or pojtthe charging processr
when wanting to charge their vehicles, or with service prosjdemwith service apps, ovith
other user®ehaviors or with making complaints, or with thaunicipality, etc.

Y To understand common EV user behaviors and experiences with the task that my
product/servicavill attemptto addresd such as with th&ack of charging infrastructure, lack
of chargingaccessibility whemeededwith other drivers unwanted behavioveth lack of
policy/governance of EV services, etc.

Y To evokeuserstories and to explorieir emotions(Ethnographic Field guide, n.d.)
Characteristics of target audience

- Ages 1875
- Include all gendetsor nongenders

- Delimitation: Urban dwellers that rely on street charging stations for their charging needs
- Users that DO NOT have access or availability to privateoate charging
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Description: internal combustion vehicle blocking a charging point

— /)

Plug-in electric and hybrid vehicle user experience (UX)
research
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Currently, | am seeking participants who want to
partake in a brief interview (online or in person)
to share current experiences as plug-in electric
or hybrid vehicle owners (or leasers).

*In compensation for your valuable input and
time, you will be awarded a DKK 150- gift card
to a place of your choosing.

PROJECT DETAILS

e Seeking participants who do not have private at-home charging accessibility (ergo, you
rely on street charging stations and/or at work)

e Youare 18 years old and over

e Interviews can scheduled between April 2nd and May 2nd (*holiday dates excluded)
and if not online, we can arrange what is the most convenient location for you

CONTACT INFORMATION
If you wish to participate, or have any questions, you can contact me directly at:
Elisa Chavez

gchave?0@student.aau.dk

Figure 116 Selfmade flyer to seek oirtervieweesplaced on charging vehicles windshields at various staodsi e i ghbor hood 6
in Copenhagen

Flyer distributiondetails

Y The dove (fig.11) laminated flyers were placezh over 30 charging EVsvindshields at
various charging stationdocated in: Amager, Christianshavn, Vesterbro, Indre by and
Narrebro.

Y Theflyerswere distributedetween March 26and April 13"

Y The end result was four eriview participants who were interested participate in the
research.

Following the completion of théours interviews, before entering theefine phase of the DD,
empathy maps were creatgdorder to record the learneshd observedser needs, behaviors and
motivatiors that were revealed during the interviéwexamined further belown section 4.1.6.
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3.4.6 Empathy maps

Zooming intoservice as an interactiofMorellietal., 2021)t he user 6s experi ence
how to design services/products. To create great user experiences it is imperative to empathize with
the use(Build an Empathy Map | Coursera.d:-b). Here, enpathy mapsre a greatool used in the

design thiking processhathelp explainwhat hadbeenlearned about s er s needs, mo t
behavior§ theycan help break down each interview into digestible pieces of informatidrnus

help to empathize with useibid). There are two types of emhy mapsone-user empathy maps
andaggregated empathy mag@neuser empathy magsr e based on data from
tohelpdistila user 6s t hought s(Empatey &appimggThe Fash Step n Odsignv i o r
Thinking n.d.) Aggregated empathy mapee created based on multiple arser empathy mapbkat

are combined basesimilar things, helping to identify segmerfts peoplé¢ with similar tendencies

(ibid). Overall, empathy maps are valuable tools for understanding usgn® éoster empathy

however they are not a replacement to other design research methodsiserjoasney mapping,
scenarios or user flowswhich all play an important role in the design prodessrderto ensure a
comprehensive understandi ng @hat s hAreEmpashe Map3d n e
[Complete Guide]n.d.)

One-user empathy maps

Here is a link to better view the empathy mapeuld it bedifficult to view them in detail here:
https://docs.google.com/presentation/d/1wql8Ug9wiliBiBEGK3DvajhFHKZTyv/edit#slide=id.p6

Federico

Says Thinks

-Chose a hybrid over an EV because not sure of driving -Thinks the municipality does not care to do anything about
range for long distance blocked chargers or of creating more infrastructure

-Not sure how many CPS providers apps exist -Thinks that not having time limits for chargers makes it

-There is not enough charging infrastructure (CI) in more difficult to find available chargers as people do not
Copenhagen, especially where he lives have to unplug their vehicles & move their cars
-Thinks a good solution is for the municipality to give fines to
those blocking chargers & to provide parking time limits so
people do not “hog” charge points

Does Feels
-Charges hybrid on-street where chargers are available -Very frustrated when the CPS provider app shows an

-Tried to contact service provider about blocked chargers by  available charger but when he arrives it is being blocked by
other cars & told they cannot do anything, that he needs to an unplugged car, or it is out of service

contact the municipality -Annoyed that nothing is being done by the municipality as
-Has not contacted the municipality because does not want ~ CPS providers have told him they cannot do anything, that it
to waste his time as he does not think there is much is up to the government to regulate

understanding for this situation & that it is all very

bureaucratic
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Figure 128 Federico Empathy Mapself-made via Google Slides

— Michael

Says

-He drives a hybrid because he travels frequently and a full
EV is no compatible when there is lacking infrastructure
-He relies on on-street charging as does not have at-home
accessibility

-Says there is an issue that there are no associations and
apartment buildings where owner associations must

establish shared charging facilities

Does

-Does have problems finding on-street chargers as
sometimes none are available near his home

-Has never contacted the service provider or municipality
because it's too much work

Peter

-Says there is not enough on-street infrastructure
-"Everybody nowadays has a hybrid or EV so you're lucky if
you can find a charger, especially when | come home from
work~— it is impossible to find a charger & there is no time

limit so cars can just stay plugged in."

-He has never tried to contact the service provider about
vehicles blocking a charger

-Says he loves his hybrid but wishes they made them with a
longer driving range. Currently his hybrid can only drive
50km on electricity

-When a car is blocking a charger he just tries to find
another available charging spot near his apartment
-"l am lazy and don't want to walk too much”

Figure 140 Peter Empathy Map self-madevia Google Slides

Thinks

-Thinks the local and national government can play a key
role on the expansion of infrastructure, such as with
regulations on how many parking spots must be provided in
new buildings, shopping malls, etc.

-Monta app is too expensive as it works like a payment app
allowing access to all service providers but with variable &
expensive prices

-Thinks one of the main obstacles to transition to EVs is the
inability to refuel EVs like petrol vehicles can at gas stations
-Thinks an incentive for the 3-4 biggest supermarkets in DK
to roll out local access to charging infrastructure could work
great as they already have the space, with unmanned gas
stations, etc.— "so why not do it there?”

Feels

-"The most annoying things is when spaces are occupied by
cars that are not charging. It sucks when that happens and
sometimes it is even EVs that are not charging!”

-Annoying to have an account with a service provider that
shows an available charging spot but on arrival the spot is
occupied by a non-charging car

Figure 130 Michael Empathy Ma self-made via Google Slides

Thinks

-Charging infrastructure is behind on development

-That maybe after 2025, when petrol cars are banned and
people start changing to EVs, that charging infrastructure
will come

-"It's annoying when cars block chargers, but it is not illegal”
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— Kristian

-A hybrid was cheap to buy compared to a petrol car and he
chose the hybrid because of his summer house & far away
holiday trips where there is no accessible CI

-He relies on on-street charging and only uses one service
provider

-His hybrid drives 45km on electricity which is great for the

city

-His service provider has made a flyer he can put on the
windshield of people blocking chargers & that the police and
municipality do nothing about it

-"If you can make more flyers like this it would be really cool
so that | do not have to write notes myself."

-"Sometimes | write note e.g., “Why are you parking your
car at a charging spot” and leave it on their windshield
-Currently must drive far away from home to charge his car
and uses his bike to go back and forth

-Has asked the police about cars blocking chargers and was
told it is not illegal

Aggregated empathy map

Thinks

-That when he was choosing different service providers his
was cheaper, but now he does not think this is the case
anymore as energy prices went up— when he signed up 3
years ago it was DKK 329 per month but how pays over
DKK 700

-"| think people use chargers the wrong way— many stay too
long charging, many park without charging and many EV
drivers simply use it as free city parking & often without
charging.”

="l think it is a political problem~— there are not enough
chargers, infrastructure is not good enough and you

see any tickets for those blocking chargers.”

Feels

-"Right now it’s pretty difficult finding chargers near my
home, there is not enough charging infrastructure.”

-"It's really, really irritating with EV's and other cars blocking
chargers— my App shows an available spot but when | drive
there, | find the spot blocked. This really pisses me off!”

Figure 150 Kristian Empathy Ma@ self-made via Google Slides

Aggregated empathy map

Says
-Relies on on-street charging as does not have at-home

accessibility

-Not enough charging infrastructure (CI)

-There is an issue that there are no associations and
apartment buildings where owner associations must
establish shared charging facilities

-Chose a hybrid over an EV because not sure of driving
range for long distance

-Service provider has made a flyer once can put on the
windshield of people blocking chargers & that the police and
municipality do nothing about it

Does

--Has asked the police about cars blocking chargers and
was told it is not illegal

-When a car is blocking a charger he just tries to find
another available charging spot near his apartment
-"Sometimes | write note e.g., “Why are you parking your
car at a charging spot” and leave it on their windshield

-Has to drive far away from home to charge his car and uses
his bike to go back and forth

Thinks

-Thinks the municipality does not care to do anything about
blocked chargers or of creating more infrastructure

-Thinks a good solution is for the municipality to give fines to
those blocking chargers & to provide parking time limits so
people do not “hog" charge points

-Thinks the local and national government can play a key
role on the expansion of infrastructure

-Thinks one of the main obstacles to transition to EVs is the
inability to refuel EVs like petrol vehicles can at a gas station
-"I think people use chargers the wrong way— many stay too
long charging, many park without charging and many EV
drivers simply use it as free city parking & often without
charging.”

Eeels

-Very frustrated when the CPS provider app shows an
available charger but when he arrives it is being blocked by
an unplugged car, or it is out of service

-Annoyed that nothing is being done by the municipality as
CPS providers have told him they cannot do anything, that it
is up to the government to regulate

-Feels that there is absolutely not enough charging
infrastructure

Figure 160 Aggregated Empathy Mapself-made via Google Slides
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Preliminary reflections

Theprimary user group identifieareadults that reside in urban city areas and who rely estreet
charging infrastructure for their charging needs. This group confirmed initial assurdpésmgell
asvalidatedsurvey finding® about the lack of sufficient available charging infrastructtine lack

of accessibility to charge their vehicles where and when they reeohd of the frequently
experiening thecommonpain point of driving up to charge points to find them blocked by non
charging vehiclegeven though theservice apghowsthem otherwisg. Lastly, another key finding
wasusers havingrustrationwith Copenhagen municipality not doing anything about vehicles that
block chargerss currently it is noilegal and/or fineablé and CPS providers are therefore unable
to do anythig about itunlesst h e C Sprivate pagking lotgAppendix3).

3.4.7 Conclusion ofdiscoverphase

Y In the discover phasearious service design research metha@se applied in order to
understandirbanEV users current experienaegheir transition to-enobility. The conducted
desk research, in addition to the preliminary inquiry, allowed for further exploration of the
context of EVs mass adoption in an urban context in Copenhagdron current EV services
offering® such as wh charging infrastructure services for urban dwellers residing in
apartments whaolelyrely on onstreetchargingserviceqandof their accessibility for their
charging needs

Y During the ethnographicdidresearch9 g u i ¢ k eonvdrsatioawith BV &ises enabled
casual and brief conversatiotizat provideda better understanding of users motivations,
needs and pain poirdtsandthis approachyuickly revealed that finding users to speak te on
the-go wasnot best research strategy encounters with users were infrequeatd when
driverswere encounteretthey weretypically in ahurry to their next destination

Y Combined with the ethnographic field reseamlitativeinsights from the survey provided
invaluable feedback on usecsirrent experienceas EV drivers therebyacilitating clear
research goalandatarget audience attributes in seekmd participantgand in conducting
thesemistructured interviews.

Y Finally, the knowledge gathered during th&erviews and applied to empathy mapslped
to build an empatlc understanithg for urbanEV userscurrent experiences itmeir current
transition to emobility.
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3.5 Define

In the define phasall research findings were analyzed and synthesibled various insights gained
enabled defining clear problem statemeatenter the design process ideation phlagewould lead
into the develop phas# the design process

This subchapter is dividedto the following sections:

4.2.1 Personag user stories

4.2 .2 User journey maps

4.2.3 Problem statements

424Concl usion oféthe 6define phase

3.5.1 Personas& user stories

Based on all the research findings that waeralyzed angdynthesized and with help of the empathy
map® theuser sdé needs, m artdpain painiscoabledo commdnedive building
of personas. Personas are fictional archetypasaim to rpresenta group of usersvith similar
characteristiad learnedvia theuserresearch and are key in the design process to reflgmn the
users |l ifestyles and thus to provi dé¢lLearndera s
about Personas | Coursera.d.)

Four personas were creatadhich is considered sufficient when representing the majoritg of
service/product user ba@bid)d in this case being urban dwellers wdepend oron-street charging
services for their charging need$iese personas were based on the most common thetheslata,
suchas wasillustrated in the aggregated empathy nispbsection 4.1.6)It is important to note
thesepersonas are contegpecific focusedon user behaviors aniith well-definedgoalsto meet
their specific needbasedn the data collected from usétearn More about Personas | Coursera
n.d.;Why Personas Faih.d.)

The below created personas (fiy-20) were focused on common thenfesm the analyzed and

synthesized datderivedfromt he f i el qlickri&alisretay @ hc @anver sati ons,

survey and the serstructured user interview$he personasreated have clearly defined goals and
frustrations in relation to their needs urbardwellers who rely on otreet charging services. These
personas are furthetefined by the utilization of a user story for each persénaser story is a

ficionalones ent ence story from the personads point

to know about the persofizzarn More about User Stories | Courserad.;User Stories: As a [UX
Designer] | Want to [Embrace Agile] so That [| Can Make My Projects tZemtered] | IXDF n.d.)
A user story should be short, specific and goal oriénteelping to develop early solutions by

definingwhich needs to focus dibid). User storiexan help to ensure that designers are addressing
and trying to solve the key pain points, or challengesrs may encounter when engaging with the
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product/servicUser Stories: As a [UX Designer] | Want to [Embrace Agile] so That [I| Can Make
My Projects UsetCentered] | IXDFE n.d.)

Here is a link to better view the personas if it is difficult to vi¢hhem in detail here
https://docs.google.com/presentation/d/153ztn6kdRFGuoSLegZEKFNDVc5r7pYXmy4new/edit?usp=sharing

Personano. 18 Niels

“My wife and | want to ensure that we try to
help meet the Paris Agreement targets as we
want a healthy future for our grandchildren”

Goals

Wants to help take care of his
grandchildren’s future by helping
the environment

Would like to be able to install a
charger in his apartment
building’s parking lot

Wants to be able to request
charging infrastructure points to
be built by the municipality as he
has seen to be done in
Amsterdam-- he thinks this is a
‘best practice’ that has proven to
work & which Copenhagen could

Frustrations

Complicated & expensive to get
a charger installed at this
apartment building & he would
personally have to pay for the
installation & maintenance
Frustrated the municipality
and/or national government do
not ensure that new buildings
have to designate a percentage
of parking spaces for EVs C|
Very frustrated that we are no-
where near meeting emissions
reduction targets & feels the

o
N |e|S follow government is not actionable
. | am recently retired but still like to work part-time teaching as an external lecturer,, as
Age' 67 yo well as being a censor for exams at different universities in Copenhagen. | love teachin
g P g g

Education: MBA
Hometown: Amager Strand
Family: Wife & 3 kids
Occupation: Part-time external
lecturer

the new generations and feel a duty to ensure they have a bright future ahead, and one
that is not marked by worsening extreme weather marked by famine, drought and rising
ocean levels. This worries my wife and | greatly for our beloved grandchildren, and we
want to contribute however we can to help turn global warming around. We want to ask
for more actionable involvement from the national and regional governments-- their
involvement, along with citizen participation, is key to ensure the green transition.

Figure 170 Niels persond self-made via Google Slides

User story

AAs a caring and concerned father and gr
local government will roll out more charging infrastructure so that everyone can transiti
green mobility to help meet emissions ta
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Persona no. ® Federico

“I want to help take care of the environment
and going green with mobility is one step
towards this!”

Goals Frustrations

e  Wants to help take care of the e  Before he got his electric vehicle
environment by transitioning to he did not realize how limited
electric mobility the on-street charging options

e  Relies on street charging were as now he often struggles
infrastructure & wants more to find available chargers
infrastructure available & . Gets very frustrated when the
accessible to be sure he can App shows there is an available
charge his EV when he needs to charge point but when he arrives

e Wants the municipality and/or itis being blocked by a petrol car
service providers to do e  Getsreally angry when the
something about the problem of vehicles blocking chargers and
vehicles blocking public not charging are EVs or hybrids!

charging points

Federico
. I live in a busy city area with high parking pressure and currently with limited
A,ge' 36_ _yo public charging infrastructure-- which | rely on being a city dweller living in an
Education: Military apartment without at-home charging accessibility. | am often frustrated when |
Hometown: Amager, CPH cannot find a charger because they are all being used and in areas where the
Family: Single w/ 1 cat municipality does not give a time limit, so there is no incentive for people to

unplug their cars. And | am most frustrated when petrol cars, or EVs, block

Occupatlon. Translator charge points that the service app indicates are available to use.

Figure 185 Federicoperson® selfmade via Google Slides

User story

AAs an EV dr i v estreetwlagingrseationsel svanbtm be gentain that there
charging space availablas indicated on the service g that when | arrive | have not wast
my time driving to an unavailable charge

41



Gladys Elisa Chavez June30, 203
Study No. 20200752 MasterThesisSS10

Persona no. 8 Marie

“Global warming is very real and only getting
worse, as we can see in our oceans rising

temperatures”
Goals Frustrations
e  Wants to transition from a hybrid e  Gets anxious getting home after
to 100% electric vehicle to fully work as parking is often taken up
contribute to fossil fuel quickly, which means she may
reduction not be able to arrive in time to

charge her vehicle
. Loves driving out to the

countryside with her Huskie . Lately more and more people
Chico, but currently cannot do have been switching to hybrids
so with a 100% EV as charging and full electric vehicles but the
infrastructure is lacking to charging infrastructure has not
ensure not running out of increased. “How will | be able to
battery. Wants charging to be charge if this trend continues?”

like going a gas station!

Marie

Age: 24 yo there at the Marine Biology research lab where we focus on studying the effects of

I love my job! | just graduated from Copenhagen University and luckily was offered a job

global warming on our oceans ecosystems. Recently started leasing a hybrid vehicle. |

Education: BSc Marine BIOIOgy wanted a 100% electric vehicle but the car dealership recommended | wait until | have

Hometown: Vesterbro, CPH at-home charging access because currently there is not enough on-street charging
Fam"y: Single with 1 dOg infrastructure in the city, and even less so when travelling, which | often do with my dog
. g . 4 Chico. Living in the city, currently it is quite frustrating to find available chargers
Occupat|on: Oceanic UnlverS'ty especially after work hours. | want to always be able to drive on electricity when driving
Lab Researcher my hybrid in the city as | want to avoid contributing to emissions.

Figure 199 Marie personé selfmade via Google Slides

User story

AAs a dendroncmantakst | want to be able to drive a 100% electric vehicle wit
worrying about when and where | can charge it so that | will not be left stranded without ele(

to power my car. o
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Persona no. & Kristian

“l am very concerned about the environment”

Goals Frustrations
e  Want to be able to drive around e It'sreally difficult finding
the city only using electricity chargers near home & his
mode on his hybrid service provider has for months
been remodelling 4 chargers by
e  When driving using gasoline on his home, and this is really
the highway he does not use the annoying to him as he has to go
charging mode while driving far away to charge his car
because this uses more
gasoline, and this does not help . He gets really pissed off when
reduce emissions the charging app shows a
charger available but when he
e  Wants to pay less monthly for arrives it's blocked by a
2 @S5 charging services non-plugged car
Kristian
Adge: 56 | have been concerned for the environment for a long time. 30 years ago |
.ge' Y(:) . worked at PFEST & we were then telling our politicians that we need to stop
Education: MSc in Marketing global warming. And a couple years ago there was quite a bit of focus on the
Hometown: @Osterbro, CPH green transition with incentives, etc. But then everything came to a stop with
Family: Divorced w/ 2 kids Corona virus and now with the war in Ukraine and the energy crisis. And those

in power right now see these problem as more urgent than the climate crisis.
But they know that we have a climate crisis and we must act because otherwise
30 years from now we will really have a problem.

Occupation: Sabbatical

Figure 208 Kristian person@ selfmade via Google Slides

User story

AAs a busy single parent, | want to be

so that | do not have to park far away from my home ,with my chilerenglerto charge mgV. (¢

a
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Goals Frustrations
Niels Wants to be able requeshargepoints for the Complicated & expensive to get C

Federico

municipality to install as is done the Hagu€The
Hague- Request Charging Point for Electr
Car, n.d.)

Wants the municipality and/or CPS providers to
something about the problem of noharging
vehicles blocking chargers

installed at his apartment building & o
of his pocket

Very frustrated when the service a
shows him an available charger to arr
& find it blocked by a norcharging car

Marie Wants to be able to charge when & where she n Anxious getting home after work ¢
tojustas ICE vehicles are able toaatygas station chargers are often taken up quickly
with cars left all night chargirdy leaving
her unable to charge
Kristian | Wantsto be able to easily & conveniently char Really difficult finding chargers by hi

his vehiclenearhis home

home & finds it really annoying as he h

to go far away to park & charge his cat

Table20 Summary of goals & frustratiodsself-made

In having created the above persoaad user storieshe abovet@ble 2)summarizeslearly defined
goals and frustrationsstablished in relation ach personaseed as urban dweller&/horely on
onstreet charging serviceShese tearly definedpersonagoals and frustrations help to bring a
empatheticand usercentric focusin the design procedsenabling service designets focus on
creatingproduct/services experiences that alignwits er s needs.

3.5.2 User journey maps

The summarized personas goals and frustrafimmsedthe basis of creating user journey maps to

help illustrate the possible steps, interactions and emotions of the users as they engage with the
product/servicer experiencéJourney Mapping 101n.d.) User journey maps are a Comnaser
centrictool which can come in various different shapes, sizes and farmats the purpose of
visualizing the procegsarrativea user goes through in order to achieve & goah awith charging

their EV (ibid). User journey mapsprovidea holistic view of he user's entb-end journey, from

initial contact to the desired outconfiid). Creating personas and users journey maps are two
complementary tools to help understand the needs and experiences of users.

The below user journey mafsr eachcreatedpersongfig. 22-27) arein the following format:At

thetopt he O act i oesthe endovendeiserjouingy being taken in order to achieve the

us edesradendgoal . I n the oO6task | istd row, possi bl
of the process are input. Within thoudbéeel.
experienced are written and marked with an enhoji. t he | ast row, Oi mprove

taken into consideration.

44



June30, 203
MasterThesisSSO10

Gladys Elisa Chavez
Study No. 20200752

Here is a link to better view the user journey magbelowthey maydifficult to view herein clear
detail.
https://docs.google.com/presentation/d/111y61ZXIrOByDKYKOxSZRLnNCIdOFXyMP/edit?usp=sh
aring&ouid=10529406396831 884239&rtpof=true&sd=true

Persona no. ® Marie

Marie has the goal to find a
available parking spot to
charge her EV near her

homeatfter getting off work
when parking pressure is
high.

Figure21§ Image(Shutterstock, n.d.)

Persona: Marie

Goal: Find an available parking spot for charging her vehicle when getting home after work

Look for nearest Find an available Ensure car is
ACTION [2hiiz l:;r::; o charging station near charger to park & PI““;:':::'::"::M i) ‘:::1::“5:'3’::":;" charging & head
her home charge o ging home
Tasks Tasks Tasks Tasks Tasks Tasks
A. Get in her car after A. Arrives to her A. Find an accessible A. Take out charge A. Uses her charger A. Double checks
work neighborhood charger cord service card 1o initiate charge point screen &
TASK LIST B. Drive to her B. Drives around B. Park her hybrid B. Plug in charge cord the charging process car light to ensure the
neighborhood checking for available to her car B. Takes her items out charging process is
chargers near her C. Plug in charge cord of the car and locks it underway
apartment to the charge point B. Walks two blocks to
her apartment
- Happy the workday - Anxious she won't - Happy she found a - Happy it's Friday and - Happy to be parked - Worried ==/ the
is over &) find a charge pointés charge point parking she found a chargeriey to plug-in for charging charger could be
- Hopeful traffic will spot near her (L] malfunctioning, but
FEELING ADJECTIVE not be too bad apartmenties thankful everything
appears okay&s
1. Reservation service 1. Reservation service 1. Charing service 1. App indicates
app to book an app booking ensuring commences beforehand if a charger
available nearby she has a charger automatically once she is not accessible OR
c:!:ggﬁ:ﬁrgs charger waiting for her upon plugs in her hybrid to 2. App indicates only
arrival & near her home her reserved charger functional chargers to
reserve

Figure 226 Marie User Journed self-made via Google Slides
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Persona no. ® Federico

Federico haghe goal to find
an available nonblocked,

Figure 230 Image(Shutterstock, n.d.)

Persona: Federico

Goal: To find an available charger via the charge point service providers app

charger viaa CPS
providerds app.

, Find the listed Look up another CPS
ACTIO! Lockupitie APER BEE DT available charger is providers App for Drive farther to other e pIUginte
N GPS to find free charger listed as B PR TR int the charge point &
charge points available Lol O Gle Ll L5 SVl el hargepos activate via App
non-plugged car points
Tasks Tasks Tasks Tasks Tasks Tasks
A. Opens charge point A. Get into car A. Arrives at location to A_ Opens another CPS A. Drive to new charge A. Parks his car
service provider app B. Drive to closest find charge point provider app point location B. Gets out of car and
B. Looks up his listed available charger unavailable B. Finds an available B. Arrives at new plugs in charger cable
TASK LIST apartment location to to his apartment B. Takes out phone to charge point four available charge point to the car and the
see available charge look up another blocks away location charge point
points available charger C. Activates charging
process via the CPS
provider's app
- Anxious if the listed - Hopeful the charger - Angry the charge - Frustrated fo have fo - Annoyed the new - Happy the car is
charger will be will be available as is point is blocked by a use another CPS charge point is much parked, plugged in and
available and not still listed to be on the vehicle that is no using provider app further away from via the app he can see:
blocked by ADPp i the chargerig homets the charging process is
SIS 2 non-charging cars or - Annoyed to have to - Relieved that the underway; how long it
out of service & find a new available charge point is actually will take and how much
chargers available & he will be charged for
plug-in time &
1. A way for the app to 1. App showing a 1. A way for the app to 1. An app to see and 1. An app that provides
show that a charge percentage probability show that a charge access all CPS access to all CPS
IMPROVEMENT point is blocked and/or of the space being point is blocked so this providers providers & enables
OPPORTUNITIES out of service avallaple based on situation does not l:ha!glng payment w/
peak-time and off-peak happen debit cards wio having
time data to have a membership
to all CPS providers

Figure 246 Federico User Journéyself-made viaGoogle Slides
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Personas no. 3 & 8 Niels & Kristian 3

Niels and Kristian have the
goal to apply for the
installation of a charging
station or charge point at
their apartment building ®
or nearbyd curated by
Copenhagen Municipality.

Figure 25 Figure 260 Images(Shutterstock, n.d.)

Personas: Niels & Kristian
Goal: To apply for a parking space charge point at his apartment building, or near it, curated by Copenhagen Municipality

. . Chooses weblink for
ACTION e e e aaits Finds ‘parking, traffic Finds weblink for F\::‘::g;:;c:a:::;’& ‘suggestions for 'nq:::l::; ;o:;. rge
& roads’ weblink ‘parking’ link where charge points int’
are missing’ g
Tasks Tasks Tasks Tasks Tasks Tasks
A. Opens laptop and A. Clicks on the A. Tabs on web link for A. Tabs on 'electric car A. Clicks on web link A. Clicks on
TASK LIST look up the website ‘parking, traffic & roads’ | ‘parking' & charging stations' link | B. Drop down menu ‘suggestions’ link
B. Navigates through weblink B. Reads through the B. Reads through the opens for another link B. Waits for new page
the listed options B. Reads all available various text options entire page to designate locations to upload
link options C. Tries to decide on a map, and clicks
which link to select this
- Annoyed site is only - Unsure he has - Annoyed as not sure - Glad he is finally on - Annoyed that there is - Annoyed the new
in Danish but glad he clicked the correct link he is in the right link the e-mobility weblink not a clear form to webpage link is taking
can use Google as nothing in the text and there is too much &3 request charge points, a very long time to
Translate feature &3 indicated e-mobility &3 text &9 - Annoyed he cannot only for suggestions for upload & annoyed it's
FEELING ADJECTIVE - Confused by all the - Unsure on what to - Glad he finally found find a link for the possible future &3 only in Danish &
different choices & not choose as all links do the ‘electric car & requesting a charge - Annoyed he must Google Translate
sure what to click&s not show what he is charging stations’ link point & only for future click on another link feature does not work
looking for &3 (* ] suggestions &3 again &3 here &3
1. Offer text in English 1. Same as before 1. Decrease the 1. Make a link for 1. A clear request a 1. Offer text in English
2. Make link choices amount of text on requesting a charge charge point' link that option
IMPROVEMENT egsier to understand, screen . point, on-street or you only click on once 2. Rather th?n
OPPORTUNITIES with less text & clear 2. Clear description & within an apartment choosing points on a
descriptions to navigate link for “electric car & building’s parking lot map make a request
to ‘electric mobility’ link charging stations’ form to fill out and
submit request

Figure 276 Niels & Kristian User Journey self-made via Googl&lides

®Nielsband Krista® s per sonas were combined as they both have si
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Summary

The user journey maps helpedpta ovi de a narr ati ve theirehdmendus er s
user experience with the product/service as they attempt to achieve thgdr gaaliding a holistic

view at each point of contact (or touchpoint) and helping to identify pogsalihepointsandto ideate

on possibleopportunities for improvement. The next stem defining problem statemenfroblem
statements have a ¢ ongaaomhimizingthegepdinpoinissnsuresiserp ai n
friendly experiences th&teepusersinteracting with the product/servi¢Befine Problem Statements

| Courseran.d.)

3.5.3 Problem statementg(ibid)

Personas and usesyrney maps are valuable toadts understanding and mapping out problem
statementsThe aim of mapping outrpblem statements to give a clear description tie user need
thatshouldbe addressethereby helpingt@ r ovi de «c¢ | ar i t.yrokdehstatdmeniss er s
can be builwviththe6 5 Ws fieamedvorkd 6

AMhois experiencing the problera?

AMhat are the pain points to solvé?

dMhendoes the problem occud?

AMhereis the user when using the product/service?

AMhy is the problem importané?

How are users reaching their goals by using this product/serdice?

= =4 -4 —a -8 -

Below (fig. 28-31 ) applied thed 5 Ws  f#amdworkit® map outa clearly defined problem
statemento be solvedor eachof the four created personas

Persona no. ® Niels

WHOOJ Niels is a caring father & grandfather
WHAT & Pain point of lacking ostreet charging
infrastructure

WHEN® Experiences problem of lacking Cl on
daily basis

WHEREOS In Copenhagen in general, and in
neighborhood near his apartment

WHY & This problem is important becauswre Cl
is needed to meet the charging needs di¥lusers
HOW® Wants to be able to reach this goal
_ somehow being able to influence/request m
Figure283 Image(Shutterstock, n.d.) infrastructure development
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Niels is a caring Father & Grandfather who needs a way to influence the national
regional government to builchore CI because there is not enough abitmeetthe
charging needsf all in orderto be able masgansition to emobility by 2030.

Persona no. ® Federico

WHOGJ A citizen living in a busy city area
WHAT & Pain point of the charging apghowng
available charge points when they are NOT
WHEN® Problem occurs frequentlwhen he is
looking for a place to park and charge his EV
WHERE® At any location in the city, be it near h
home or elsewhere when this piern occurs
WHY & This problem is important because when
needs to charge his EV, he needs the app to act
show him that the charging point is available todus
and not blocked by a nerharging car, or out of orde
Figure299 Image(Shutterstock, n.d.) HOW®& Wants to be able to reach this goals by (
providers apps being able to show if a charge
blockedby a noncharging vehicle

Federico is a citizen living in a busy & high pressure parking area who neec
charging appto show him available charge points that are not being blocked by,
charging vehicled because he does not want to waste his time driving t
unavailable charger.
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Persona no. 3 Marie

Figure 300 Ir%age(Shutterstock, n.d.)
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WHOGJ A dedicated environmentalist

WHAT & Her pain point is that she cann
conveniently charge her car anytime and anywher
she could with an ICE vehicle

WHEN & experiences this probie daily when she
needs to charge her EV, especially after work when
has no guarantee that she will find a charger
WHEREGJ She experiences this near home, aroung
city and when driving to the countryside

WHY & This problem is important because shants
to be able to travel freely without worrying about |
EV running out of power

HOW® Wants to be able to reach her goal
somehow having charging services be as easy
accessible as refueling ICE cars at a gas station

Marie is a dedicated environmentalist who needs charging an EV to be as ¢
convenient as going to refuel an ICE vehicle at a gas station because she W\
conveniently be able to charge her EV anytime and anywhere without fg

running out ofbattery power.

Persona no. & Kristian

Figure 316 Image(Shutterstock, n.d.)

WHOJ a single father with 2 young kids

WHAT & His problem is that he does not have acq
to chargers near his home

WHENO® He experiences the problem daily wh
coming home and needing to charge his car
WHERE® He experiences the problem by his ho
WHY & This problem is important because he d
not want to park inconveniently far away to cha
his cad especially when with hikids

HOW® Wants to be able to reach his goal
somehow being able to request for more charge
be made available near his home

Kristian is a single Father, with two young childrevho needs accessibility to
chargers neahis homebecause he does not want to park his car inconveniently
away in order to chargedt especially when with his children.
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Summary

Mapping ouia problem statement for each persona helped to clearly deftharticulatd¢ he user s
pain points thaheed tobe addressed through possible service design solétidsaseexploredat

t he

start of develop phasehwhkhnghprodeasbdbont

the problem to the solution.

3.54

Conclusion of &6édefine phased

The define phaseombined usecentric service design tools and methedsch included:
personas & user stories; user journey maps and user pratddements. The aim wao

zoomin on user8experiences, facilitatelly the empathy maps that had been crediehg
thediscover phasef the design procedsand of theanalyzed and synthesized data derived
fromit he fi el d r esear satlongthg miked keth&d sdrvey andtide semd n v e
structured user interviews

The creation of personasenabledcontextspecific representation of the majorityf the
servicéproduct user basef urban dwellers who depend on-street charging services for
their charging needf_earn More about Personas | Coursemad.) These personas were
based on the most common themes in the @atased on user behaviors and of widfined
goals to meet their specific neqitsd; Why Personas Fail, n.d.)

The personawerefurther definedwith fictional onesentence user stories from the point of

view of each persona, illustrating everything we need to know about that peksohthe
summarized user goals and frustrations formed the basisaifng user journey maps to help
illustrate the possible steps, interactions and emotions of the users as they engage with the
product/servic®r experience

The user journey maps helpedb pr ovi de a narrative to how
to-end user experience with the product/service as they attempt to achieventgoabd
providing a holistic view at each point of contact (or touchpoint) and helping to identify their
possilbe pain points and for opportunities for improvements.

Lasty,cr eati ng a problem statement for each p
points that can be addressed through possible service design séluggpred at the start

of develop phasgbelowsection 4.3witht he i deati on aspect of t he
transitioning from the problem to the solution.
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3.6 Develop

The aim of the develop phaseto find answers to the problem statements to enable transitioning to
finding a solutionThe activities conducted in this phaseludedan initialideation phas& hone in

on the problem statement that needs to be solvetlowing thisideation phase of thé d e si g n
t hi nki n ga8ervgasautoa was chosen and mapped wsihg various tools and methods to
illustrate how tle chosemroblem statemerould be solved_astly, low andmid-fidelity prototypes

were created and testadth usersto see if the design solution is viable, or if it should be iterated
upon.

This subchapter is divided into the following sections:

4.3.1Ideation phase

4.3.2 Selected solution &oal statement
4.3.3 User flows

4.3.4 Storyboards

4.3.5 Low-fidelity paperwireframes
4.3.6 Mid-fidelity digital prototype

4.3.7 Usability testing

4.3.8 Conclusion of the develop phase

3.6.1 Ideation phase

/ 1 1 |
Lo
~ questions
/, ) A{
/ /

| | Crazy8s
. Sketching; |

Figure 326 Visual of ideation phase procésselfmade
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The design ideatiophase is the process of generating a broad range ofaddasthout judgment

to come up with as many ideas as posdib&arn More about Design Ideation | Courserad-a).

Ideation is all about generating ideas based on the insights gained durstigcitiver and define

stageof getting to know users and having clear problem states(@rtiat Is Ideation? 2023 Guide

To The Design Thinking Phase, n.ddaving a well-definedproblens that need to be solved, with

the used seeds at forefront enables to thinkadbroad range of ideas to solve thés®.the ideation

phase t wo compl i ment ar yHomwe tmh @ddMW@eguestidna anCladzye d :

86s sketching.

OHow mi gHMW) oguestions

O0How mi HMW) questions are a way to brainstorm possible solutions to the clearly defined

design problent and one of the most common design methods for the ideation paxdksy
enabl e a wide vari et lgmsdofbe addréssedlLeammrMere dbout Desighe r s 0

Ideation | Courseran.d:-b). Thus to commence the ideation prodéesise HMW brainstorming
sessionwas focused on the clearly defined problem statesnésdction 4.2.3. This HMW
brainstorming sessiofbelow fig. 3) enabledimagining possibledifferent directions to further
explorein order to addresheEVu s er s cl early defined probl ems

HMW& ENABLE HMW ENMSURE
CITY DWELLERS AVAILABLE
REQUESTING CHARGERS OMN
CHARGE DEMAND AT
FOINTS? MEEDED HMW HELP
LOCATION & EMSURE
TIME? CHARGING
ACCESS TO ALL
HMW ENABLE URBAN
EV/HYBRID DWELLERS?
CHARGING TO
BE SIMILAR TO
ICE CARS?
. HMW
}E ﬁ__‘ BRAINSTORM
J _J.“'r SESSION HMW SHOW
. CHARGERS
“9 HMwENsURE [ \| BLOCKED OR
e A GOODPARKING | 4"1"/“’ OUT OF ORDER?
L i : Ilv\’\/ ﬁ’ & CHARGING f 1n,|
.'I ."' -.I ] \-\.,-‘" BEHAVIOR? L )
/] f,.*—-_TI i\ HMW EMABLE
f / { \ i\ BOTTOM-UP
I | HRAW II || INITIATIVES
"gJ f 1 INCENTIVICE ji l | FROM CITIZENS HMW ENABLE
| || | EV/HYERID P 1 TO CITIZEN
I USERS TO / ;’ | GOVERNMENT PARTICIPATION
{ I| | DISCONNECT & o TO HELF THEE IN E-MOBILITY
[ MOVE THE ( li. MOBILITY ROLL OUT?
| II| | VEHICLE AFTER TRANSITION?
| -IL- | CHARGING IS
‘u’ 'I’T' COMPLETED?
-

Figure 330 'HMW' brainstormin@ self-made via Canva
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The 0 HhMWsdorming session facilitatdchming identified EV userproblens in a way that
encouraged ideatioand exploration of different angles and perspedfivasd providedideasto
further explore irthe nextideatiom c t i vi t y skefchinGr azy 806s

Cr a z yske®®hing

Afterthe6 HMWG6 b r ai n stheadeation precess cootinued w@lr a z ynetl®d.Grazy

8 dssa methodo generate lots of ideas in a short amount ofdiméthin eight minuteso be specific,
hence t he mBdsthPoadtibes fornCaamyeEights | Courserad.) In application, one
sketches eight possible design solutiangl witheachsketchbeinga new idea that can solve the
user 6s (ipid) babed emawell ef i ned pr ob l6e m ufdsod fiorn avkeMW
defined problem statemerds had been defined in the define phase (sectioB)4Sketches are
quick, inexpensive and flexibleisuaizations that allowfor exploratio® and are the first step in
explorative prototypingStickdorn & Schneider, 2018fommonly, sketches are done using pen and
paper to make quick and lefidelity visualizations of an initial ida or concept withiseconds or
minutes(ibidjdas i s the case with t Ahus, ferbenefiyof &plsng s k et
Cr a z ypketéhings in being able to generate lots of ideas in a short period o taneé because

of the short timeframat helpsallowsto think outside the box without having tif@ judgement
(Best Practices for Crazy Eights | Coursenad.)

Below (fig. 34-36) illustratethreeCr azy 8 6 s s k.@womhthesegsionsversbsgedm s
OHMWG questiiotheinitigldniestoraning sessidillustrated in above fig. 3. And
one of the sessions whasedn a clearly defined problem statemé&notn section 4.2.3 of the define
phase.
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Session 1

60 H MVBHOW CHARGERS BLOCKED @ OUT OF ORDER?

C;Q S P;:vt&% R =

0 woa] Loy LOCATOW
Ve o Wk
: ATME ot
b '\\,Q}j cyea N \b Q.W:N’&

Figure340 Cr azy d&@asi on on OHMWOG show chargers blocked or out

Description:

App shows a charger is blocked or out of service

Charger censor alerts service proveldrat a charger is blockeid orderfor the
chargingservice app tindicatethisto userdooking for available chargers

App recommends the nearest available charger near his home.

App allows for an immediate complaint, such as a blocked charger.
GPSprovides reatime visual imaging to see if the charging spot is accessible.
App allowsfor reservation®f available chargers.

o O

O O O o o

indicate the probability of the chargbeing availablebased on redime data of
parking and traffic pressure.

App providesaccessibilitydataof charger location at the estimated time of arrival to

o App reimburses the user for the inconvenience of arriving to an unavailable charger

by offering monetary credits to the
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Session 2

Problem statement\liels is a canng Father & Grandfather who needs a way to
influence the national and/or regional government to bmtare Cl because there is
not enough of it to me#dte charging needs of alh orderto be able massansition
to emobility by 2030.

mn mt\’i\wr‘f WegSTe
WIPAEE 10 (EQUEAT CF s
aue!( CHARLET GM’ 1y C?:O
t.tM VRS 10
e f{’t')“ (OMPUATN | oo B i
USER REBUESTIVG

MRS CHARGETSL
o CERSOW a4
A I~
7 "
CREGN AWRRENESS PROTESTS 1O Meer
%\ LATSTNG BVENT 180 RGeS
f & f & menmwﬁme Tl AT
L & NEWS SIRY
e fﬁ e oA ON
| - /] .
! fi\ l ﬁ l l A P
| evlmmecs ek — fes
| CoMMUNSTY REAGY we WSER ATRING xS NOF=-
g&r T crene A FRUSTRATON m\e NS
N (ot JP¥ING LT W
/
© THE MUMLCTRLLTY e L
Figure350 Cr azy 806s ideation on Nielsd problem statement
Description:

1 User requests more chargers at the municipality in person.
f Usesscommunity reach out to create a green council at the municipality.
1 Municipality website to request chargers whEk users relying on estreet chargerseed

them
1 Green awareness raising event for transitioningrweility.
1 Users writing politicians abe nmar k6s parl i ament to compl ai

request the needed rollout fiaitl development.
1 Usersairing frustrations about lacking CI with nelweedia for them to report.it
1 A website enabling to request to add more charger poiotg@nt charging stations.
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1

Users protestinthe need for more development to Cl to meet 2030 emissions targets.

Session 3

0 H MVENABLE CITIZEN PARTICIPATION IN THE EMOBILITY ROLL
ouT?

TSl
biid

A
!

| e/ W @?@/ ﬂ— ! N .
- ot voTinlf Feit Tk 71 @ &7

R R ey

KOHMDNE

’ otieeTropl eN THE InTePRET O‘Z‘AN’}-‘(EEA‘TU}U &
F.B. And/aft INSTA g o MANE ] %4
i A ,//& & VN ‘ - :MAT(MU
- MﬂIﬂ/AMOW O/‘J‘Llu,brchu(
whETA The Wolld

rESeA W BMW AW 2 A ,
5 Bf A
= =1 - 527
J Er E = Zo y §
| o= Te AE Sgob LUT'I"C& HAVIAG 1) FLvEICTE) _ﬁKiolJ i
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Figure3606 Cr azy 8 06 s HiWM® alieinitizan partitipatbigh“ih th&mobility roII-ouE?

Description:

= =4 A -

=

Signature collection for-enobility roll-out.

Contacting car companies to support/coordinate ideas and plaDbsrimi-out.

Voting poll on the internet, e.g., through socradia.

Sending letters to parties in the governmdéimat supporte-mobility roll out with the
endorsement of EV car manufacturers

Users organizing demonstrations at the municipality or at Knistirg

Having influencers on social medsuchas TikTok to endorse citizen participation ie
mobility roll-out.

Online chatgroups where people around the world can contribute with ideas and possible
solutions.
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1 Coordination with nofprofits for planting a tree for every EV sold, or something similar such
aswith charging stations built.

Preliminary reflections of the ideation phase

1. The OHMWGO6 brainstorming session facilitate
that encouraged ideation and exploration of different angles and perspeciveprovided
ideas to further explore in the i1ideation a

2. Crazy 806s sketching, b etdo gegerate eight rough sketchmes, t r a
allowed for divergent thinkingas one must quickly explore various possibilitieshout
getting attached to one idea. And sketching ideas hejpexkly visualizepossible service
solutions

3. The structurd nature of H M W@uestionsandthe timeconstrained sketching &@r azy 86 s
helped to overcome creative blocksy providing clear guidelines and constraints thereby
providing a framework thdtelped tospark creativity

4. Overall, dvoNdb iguuiensgt i hs with Crazy 86s sKke
encouragd expansive thinking with multitudes of idea® fosteiing innovativethinking and
the generation of a diverse set of usentric solutions.

3.6.2 Selected srvice solution

L Selected service |
solution | |

\
Value ||
proposition |

\\\_7_ e

Figure 370 Visualizationof the selected service solution proéesslf made
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Upon completing the ideatigghase, the next step was in choosing one of the ideated service solutions
from the Crazy 86s sketchi ng s etlireekepidestifiedlisar or d
research pain points were taken into account: blocked or out of sehadoge s |, EV userso
idly pluggedin after their vehicle is fully charged, and the lack of public e selected service
solutiom which has the potential to addreal three ofthese pain pointébelow fig. 3B)iis an app

for urban EV users to reservbargers when and where theyquireto be createdy an EV app

service provider incollaboration with Copenhagen municipality agpablic-private partnership
(PPP).In much the same way the municipaligiready collaboratesvork with other private
companis, such as those offerimgps tadrivers topay for on-streetparking on municipatoads

As acase in pointthe conducted literature revidllustrated thefact that the current business model

for EV developments not sustainablan order to address that lack of public Cl and of its sesvice
However various studies have shown thaw innovative business models tleain connect the

private and public sectors through pulpiivate partnerships (PPPsan facilitate the necessary
developmenbf public Cl and ofts servicesYang et al. (2016) and Wang and Ke (2018) found that
PPPsare an effective way to acceler&¥ development as PPPs offer a way to access the private
sectordés resources and professional skill s, v
achieviewgnéd édwitomati on wher tors tah sharphoth tisksandaastd p r
and thereby enhance mutual project management and profitability (Hall, 2017; Kneeshaw, 2012
Thus it was deemed that this service solutionld offer thepotential for the E\&ervicecompany to

bring its resources arakpertise within EV serviceand infrastructur@ while the municipality would

bring their own resources and capabilities sucthemugh policy that ensures that chargams for

reserved charging vehicles only.
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Figure 3808 Selected service solutidrapp for making reservations for chargers where and when needed

Having selectedthe aboveideatedservicesolution (fig. 38), the next steps to identify a goal
statement and value proposititmensurea c ompr ehensi ve understandin
purpose, objectives ardf its benefitsto the eneuser A goal statement providesrategic direction

and defines the problem to be solyedthile the value proposition communicates the unique \aide
advantages of the solution to the target audi@rteere being urban dwellers relying on-stneet

charging services to fulfill their EVs charging neébstermine a Value Proposition | Courserad.;

Learn More about Goal Statements | Courseral.)

Goal statement

A goal statement illustrates the transition from the problem to the found service sowiain.
statements are brief one to two sentencesdixstribe the product/service solutemd its benefit to
the user(Learn More about Goabtatements | Coursera.d.) Goal stteements describe what the
product/service will dowho this will affect and what positive impact this will have on solving the
us er 0(s) (ibid)eThalgoal statement for the selected service solution is the fojow
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Thisapp will allowEV usersto reserve chargersvhich willaffect urban EV driver:
who need t@harge theirvehicleby being able to reserve chargeshen and wher
they need them.

Having defined theabovegoal stateme#t the next step ito distinguishthis solutiorés value
proposition. That is, whiat valuewill EV usersget fromusng this app and low will it solve their
problem(Determine a Value Proposition | Courserad.)

Value proposition

A value proposition describes whycansumer should use a product or serlagemaking it clear
what the product/servigarovides users, as well as why users should (@&e what problem is the
product/service solvingibid). Below (table 3 lists the app features and the pain pointséfeatures

will help to solvefor urban EV usefs followed by the value proposition.

What will the app do?

What pain point will it solve?

The gp will only show chargers that are

available forbooking

The appwill offer charging time slots that are
2-hours maximum E\sthat remain plugged
in beyond their booked charging reservatio
time will incur a fee for every minute they sta
idly pluggedin

The app will allow EV users to book a charg
when and where theyequire it

Table3d Apps features & addressed pain pointelfmade

Blocked, our out of service, charge points

This will address EV users that staylly

pluggedin after their vehicles are fully charge
thus making chargers inaccessible to other

users

This will address the insufficient estreet Cl, as
now chargers can be reserved for a spe:
period of charging time thereby enabling mu
availability andaccessibility for all to charg
their EVs
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One of the most important things about value propositions is that they need to be short clear and to
the pointso users can easily identify how this service/product will meet their neeésine a value
Proposition | Coursera.d.) The following is the value proposition for thikarging reservation app:

This app will provide urban EV users with @esurance that they will be al
to find and book an accessible charger when and where they require |
fulfill their charging needs.

Summary

Y In order to choose a service solution, three key identified user research pain points were taken
intoaccount: blocked or out of ser vinalteethewrhar g
vehicle is fully charged, and the lack of public CI.

Y The chosen service solutibias the potential to address these pain poiraseservation app
for on-street biargerreated via a PPP between Copenhagen municipalitthai/ service
provider This app will allow EV users to reserve chargaensmuch the same way apps
currently offer drivers a way to reserve and pay festreet parking on municipabads. This
service solutiorwill positively affect urban EV drivers wheely on onstreet chargerby
allowing them to reserve chargers when and wherertitpyrethend and with the assurance
that these chargersill be accessiblé€i.e., not blocked by necharging vehicles, an being
out of service)

3.6.3 Storyboards

Following the selection of thehosen service solutipstoryboards were sketcheduisualize how

this appcould be experienced by an urban E8ér.Storyboards are a series of frantieat visually
explore a usero6s exper dtling a stomyoftthe usar, ob theo givanc t o]
environment the user is and with a narrative that illustrates a problem the user is encountering and
how the design will solve thid.earn More about Creating Storyboards | Courserad.) There are

two types of st owhighbisouser fdcasea nodb i 6gc | poiscet uurpedd whi c h
focused (ibid)

Below (fig. 39 & 40) will exploreboth storyboardtypes st ar t i mgg pwictt hu rtetbe ud&heir
t hen zoomi ng ipnodud/setvice@piction of the reservapod app.

6Big Picturebo
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Figure390 6 Bi g Pusec focusf andapp allowing users to reserve chargers when and viheyeneed theénselfmade

Description:

1. Inthe first panelthe user Federic@members heeeds a charge poinear his football game,
which starts at 17.00

2. Inthe second panel, Federico is stressed as he remembers howabtisgrtiing statiomear
the football field tends to be at this time of the day.

3. In the third panel, Federico opens his phone to find a charge point reservation app, and he
browses through it to find theharging station he needs.

4. In the fourth panel, he cbhees an available chargand at the time he needs it.

5. In the fifth panel, Federico confirms his chargeservation between 17.41®.00.

6. In thelastpanel, Federico is happy and relieved he has a charger when and where he needs it.
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Figure406oCI ose upd product focus of an app all owi dgelfmasler s t o r e
Description:

1 Inthe first panel, the user opehegirphone swipes througlheir apps and taon thecharge
icon to open the app.

1 Inthe second pandhe focus is on howhe user begins their journey when they first open the
app Herea new user can create a new profile and an existing user can sign in.

1 In the third panel, once the user has logged in, they begin searching for available chargers at
the location they need

T Inthe fourthpanet he wuser #tbay &chager aal avaflablécharging times.

1 In the fifth panel, the user has fouting charger and time they neednd tagto reserve

1 In the sixth panel, the user receivamfirmation of the reserved charger and information
pertaining to the charger and liisation.
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Summary

Having appliedstoryboards hgledto visualize the user journey anfithe possiblénteractiors with
thechoserservice solutiomeservationapp The 6ébig pictured provided
journey,with the servicesolution app which helpedto understand the user experience holistically.
Whilethe6c |l ose upb6é stimnrorbotare «eorovaiygfecusagop pacificf un ct
interactions and user tasWsthinit. Ut i | i zi ng both OG6bp@ 9t cdtgrb @ @r c
choosing the service solutigmelpedto provide a fullunderstanding of the user journey

3.6.4 User flow

Following the storyboards a user flow was mappedfouthe reservation apgJser flows (or
flowchartg are used to visualize and map out the sequence of steps a user takes to accomplish a
specific taskwithin a digital produdservice(Wireflows: A UX Deliverable for Workflows and Apps

n.d-a). Theydescribe both the baand processes and user task fldipgd). Usa flows provide a
detailed representation of they®llow, acdondtleytpkeand ney
decisions they makg@bid). In user experienc@JX) design designes typically outlineuser flows

with common shapethat include circles, rectanglesdiamondslines and arrows and each shape
represergan interactiorthe user will havavith the product/service being design(@uld). lllustrated

in below fig.41.

[ Action | Screen Decision

\__/

Figure 416 User flow shape&bid)
Description (ibid):
1 Circles represent actionsers take.

1 Rectanglesepresent the screens of the digital product/service the user will expesibihee
completing tasks.

1 Diamonds represepbints where the usenust make a decision. The decision made will
move the useforward through the flow or back to an earlier part of the flow.

f Lines and arrows tieverything together and illustrate the floBolid lines represent
forward direction while dotted lines repezg a backward direction
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The below(fig. 42) user flow was created to illustratiee sequence of steps a user might take to

accomplish reserving a charder their vehicle The first action taken is for the user to open the app.
This action brings the user to the app homepagthe homepagdhe used s
Aftbrahis gaetions tibe. user arrivegthe 6 ¢ h ar g e r Aftér brewsingebe n .

Obr owse

next acti

chargers, the user selects a charger where and when they. Aescréen follows showing available
chargng timesfor the selected chargédext the usemust decideither tobookthe selectedhargey
or to go back to selecting anothararger.If the user chosesto book the chargethe next screen

would display a confirmation for the reserved charger.

User task: reserve a charger

Openapp| —» Homepage | — Browse | — | Chargers — [ Select —p | TergeTHmest
chargers charger

A

Book
charger?

Figure 426 Reserving a charger flowchériselfmade via Google Slides

Summary

Having applied this usdlowchart helped to identify h e

digital experiencedaving this user flowchartow provides a clear blueprifdr creating lowfidelity
prototypes.

3.6.5 Low-fidelity prototype wireframes

Following the user flowthe next step was the creation of ladelity wireframe prototypesA

u s -byrsi@sprogréssign through the
reservation service appof the possible paths the user may &lead of the overall structure of the

on

prototype can represensarviceconcept as a physical or digital prop in the form of wireframes and

mockups (Stickdorn et al., 2018)hat is more a prototypdacilitates designers abilitip tes® or
to walkthrougld the service concept stdqy-step with the target users in order to geatuable
feedback before continuing to the final design (ibidger flowcharts provide a higlevel view of

how users navigate through a product/service interfeomised on sequence and logic of user
interaction® while wireframes visually represethtelayout, structure and functionality of individual

screengWireflows: A UX Deliverable for Workflows and Appsd-b). Low-fidelity wireframes
show a simple user taskith the use of screen designs rather than the abstrapesised for user
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flowcharts(ibid). Wireframes are a common practice for designing mobile apps where each step of
the previous user flow chad representetby a wireframe for a full mobilscreen desigr(ibid). A
wireframe basically out | ihomesscreemand its tusciidsnditt r u c t
helps to understand the uSes  twhesithtesacting withthe service aphe benefit ofow-fidelity
wireframes is that they are fashexpensive and allowor the exploration of various ideas
(Introduction to Wireframes | Coursera.d.) Below fig. 43-44 illustrates the user task of the first

time using an app for reserving chargers for their EV.

Legend (ibid):
Y Body text isrepresented with horizontal lines
Y Images, photos, illustrations are represented by squares with a large X drawn on to
Y Calltoacti on buttons, such as O6submitoé o
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Figure 446 Wireframe of app for reserving chargérselfmade

Description:

Y The usethas @teted the charging reservation app and is at the homepage where one either
| o g 6 salready a user,for signip as a new user.

After selecting to sign up as a new user, the next screersghewser registration screen that
must be filled out and submitted.

In the third screen, the user must enter a phone number to receive a confinoa@éon

After the user submits their phone number, they are taken to a confirmation screen where they
must enter andubmitthe 6digit code they receive to their mobile number.
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Y Once the user-fligit code isconfirmed, the user arrives at a GPS homepagdestians his
reattime location Here at the bottom of the screen the middle icon show him a search option
to find the location he is looking for to charge his vehicle.

Y After selecting the desired locatiotihe screen zooms into the locatiand offers charging
stations details.

Y In the next screen the user has selected the charging statlaran now view the available
charger options to reserve, with booking timmesl payment option to reserve.

Y Lastly, after the user has selected a charge poitfite time they requirend payment, in the
next screen the user receives confirmation of their reservattbrdetails about the charger
and location of the charging station.

Summary

This lowfidelity prototype served aa simple representation of theeservationa p playsut and
functionalityd outliningthe basist r uct ur e of t he apposSApdlymgrite scr
helped tobetterunderstandvh at t he wuser 6s t as ks whbhabedefithbfe i n
applying this lowfidelity paper wireframevas that it was quick, inexpensive andallowed for

exploring various ideaéintroduction to Wireframes | Coursera.d.) The next stewill be the

creaton of a digital prototype based on thisow-fidelity wireframe,in order toprovide a more

real i stic exper i en ovbichednhende eesteal prpE¥ sserf.unct i onal i

3.6.6 Digital mid-fidelity prototype

In having the lowfidelity prototypeasa e pr esent at i on of t headggap 6s f
mid-fidelity prototype was developed utilizing Figma softwarereatedin collaboration with
consultingUX graphic designer, Astrid K. HanseRigma is a prototyping tool that enablie

creation from low, mid-, to highfidelity prototypes It is a great tool to explore possibilities of

the product/service both visually and for testing purpo3ée lowfidelity wireframe sketches
provided the foundation to creating a Hiidelity digital prototype in FigmasMid-fidelity digital
prototypesare a type of prototype wi limited functionality but with several clickable areas
representing the app opsteniials(Everyttang ¥Yau dleed to Knowd Aboud v i ¢
Mid Fidelity Prototypen.d.)Mid- fidelity digital prototypesim to simulate key app interactiothst

rely on simple versionthat save time and effort during the design pro¢iess). Below fig. 45-53
illustratetheprocess a new usetould go through screeny-screen as they sign up for the reservation

app and proceed to finding and reservingazilableon-streetcharger Here each frame view of the

app washased on the chosen user journey for the selected service app concept.

This prototype is also accessible to viatthis link:
https://www.figma.com/file/R90mMW1wePmiMGSbmSO2VWr/Elapp?type=design&noee=0-
18t=CfPGYKBTFAoeuJ8&)
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https://www.figma.com/file/R90mW1wePmiMGSbmSO2VWr/Elisa-app?type=design&node-id=0-1&t=CfPGYkBTFAoeuJ8e-0
https://www.figma.com/file/R90mW1wePmiMGSbmSO2VWr/Elisa-app?type=design&node-id=0-1&t=CfPGYkBTFAoeuJ8e-0

Gladys Elisa&Chavez
Study No. 20200752

June 302023
Ma s t EhesB3SO0

LOGIN

NEW USER

Figure 453 Log-in page
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Figure 460 Create user page
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