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Summary

New European regulations will restrict the sales of new fossil -fuel vehicles as of 2035 and the
Netherlands will already restrict the sales of new fossil -fuel vehicles from 2030 onwards. In addition ,
the European Union wants to be climate neutral by 2050 a nd reduce the emission of greenhouse gasses.

This will result in more and more electric vehicles on the Dutch car market which will need adequate

location s to be able to charge. Since many electric vehicle drivers in urban environments do not have

the poss ibility to charge on private property, the demand for public charging locations in urban
environments will increase in the upcoming years as more and more electric vehicles are adopted . In
order to provide public charging in an efficient way in urban envir onments , public charging squares are
considered in this thesis.

A charging square consist of multiple charging points (each with one or more charging ports) with a

shared grid connection located at a single location which is publicly accessible and has se veral benefits
compared to individual charging points, like lower impact on the grid, lower overall costs, easier to find,
easier to install and maintain and future proof. If electric vehicles are grouped in one location,
implementing new techniques will b e more cost -effective. Techniques that can be implemented are load
balancing or a microgrid for example. Moreover, by grouping electric vehicles and implementing new

techniques, fewer connections are needed and the impact on the power grid can be reduced by
implementing smart charging techniques . Besides , by grouping public charging points together electric
vehicle drivers will be more confident in finding a suitable charging spot, increasing the adoption of

electric vehicles.  Currently, t he Netherlands alr eady has one of the densest charging networks in the
European Union with 699 public chargers per 100,000 inhabitants while the European average is 73 per

100,000 inhabitants. In total, the Netherlands has 108,908 publicly available charging points of which
3,157 fast -charging points (reference date  October 2022 ). However, 1.7 million chargers need to be
realized by 2030 in order to provide adequate public charging.

In order to determine suitable locations for public charging squares in urban environments it is key to

know what the users want. In this way, public charging squares will be located where users are also
willing to use them.  Therefore, this thesis investig ates which user preferences are most important  to be
included in atool that evaluates  locations for public charging squares in metropolitan areas. In order to
determine which user -preferences have the largest impact on the location decision, a stated choi ce
experiment has been conducted among Dutch electric vehicle drivers as well as fossil -fuel drivers. Each
respondent of the online distributed questionnaire using Limesurvey was presented with twelve different

choice sets (out of 486 available choice sets ). Each choice set contained two different charging locations

and the option to choose neither of the charging locations. Every choice set presented to the respondents

had two context variables which varied over the choice tasks . The included context varia bles were the

range that needed to be charged and the available time to charge the given range.

Every alternative presented in the stated choice experiment contained the same attributes: type of
charger, costs for slow charging, costs  for fast charging, w alking distance, charge certainty, supervision
on the charging location, having to relocate the vehicle once the battery is completely charged and the

alternative function for repurposed parking spots in the street . In order to participate in this study, t he

respondent had to have a d r i v écendesand had to have driven more than zero kilometers in the last

twelve months. Additionally, before submitting the results of the stated choice experiment each

respondent had to answer several socio -demographic rel ated questions. After the data collection period

was terminated , the collected dataset was recoded and only useful cases were selected, ultimately

resultingin 485 responses in the dataset. Using Nlogit, a Multinomial Logit model and Latent Class model

wer e estimated. In order to test for representativeness, Chi -Square test s were conducted. The sample

used to estimate the different models in this study does notrepresent t he sample of the HANati
Laadonder Inadlikod ., the sample is not representative for the entire Dutch population since

educated males with a high income are overrepresented in the dataset.

Based on the results, slow chargers are preferred over f ast chargers when considering a public charging
square in residential environments. Additionally, the results of the Multinomial Logit model show that of
the attributes included in the stated choice experiment, cost is the most important attribute when



deciding on a public charging location. If the costs increase, the utility of the public charging location
will rapidly decrease . Additional attributes which have a major impact on the overall utility are the

walking distance , having to relocate the vehicle a nd the charge certainty at a certain location. Based on
the presented results of the Multinomial Logit model, a walking distance around 150 meters does not
seem to influence the overall utility of the charging square. If walking distances increase, the uti lity of

a public charging location will decrease while shorter distances increase the overall utility of a public
charging location (all else equal) . These two main user aspects are followed by having to relocate the
electric vehicle once the battery is co mpletely charged and charge certainty. Only if the electric vehicle
does not need to be relocated, a positive part -worth utility effect is found. The lower the charge certainty
is at a certain location, the less likely an electric vehicle driver is to choo se for that location.

The remaining two attributes, supervision on the charging location and the alternative function for

parking seem not to influence the location decision since their part -worth utility values are close to zero.
Even though the results 0 nly show a limited influence on the location decision, the results show that

locations with CCTV supervision are preferred (all else equal). Of the different levels included for this

attribute CCTV supervision is considered the highest level of supervision since CCTV is able to monitor
the charging square 24/7. This is in line with the literature review which indicated that users are not

willing to use unsafe charging squares. S ince realizing a charging square will result in clustered parking

for electric v ehicles, part of the existing parking spots in the street can be repurposed. The results of

this thesis have indicated that the respondents prefer more greenery in their neighborhood if existing
parking spots are repurposed.

Next to the Multinomial Logit model a Latent Class model was estimated in order to check for the
existence of different clusters (or classes) of respondents in the dataset. Given a set number of classes,
Nlogit was used to  cluster the respondents in classes and estimate the parameter values (of a
Multinomial Logit model ) for the respondents in each class. Of the estimated Latent Class models, the
model which consisted of two different classes and did not include any class membership parameters
performed best acc  ording to the calculations of the Bayesian Information Criterion value. Since no class
membership variables have been included in the final Latent Class model, it was not possible to identify
what makes a respondent belong to either of the created classes. The reason for excluding the different
class membership variables was because the Latent Class model showed that all class membership

variables excluding the constant were insignificant at the 10% level. Class one contain s 86% of all
respondents while cla ss two contain s the remaining 1 4% of the respondents. Since class two is a
relatively small class compared to class one, it is possible that this has caused the statistical
insignificance of the class membership results. Additionally, almost all Multinomia | Logit model
parameter values estimated by the Latent Class model for class two were insignificant, likely as a result

of the small class, while in class one, the results were comparable to the Multinomial Logit model

As a last part of this thesis, the p ractical application of the results was shown. Since the results of the
Latent Class model were mainly insignificant for the second class and the results of the first class were
in line with the Multinomial Logit model estimations, the practical applicatio  n has been shown based on
the results of the  final Multinomial Logit model. The practical application showed that the presented

results are indeed able to determine the probability of choosing between two public charging squares.
However, in order to show the practical application, several assumptions were made which might differ

from reality. Ultimately, the intention was to show that the results of this thesis yield a practical

application which  is the case . Therefore, the results presented throughout thi s thesis can be used in a
design tool to determine the probability that a resident chooses between two public charging squares if

potential sites have been identified. Additionally, if the urban planners have to make decisions on how

to increase the probab ility that a charging square is chosen, the results of this thesis can be used as
well.



Samenvatting

Nieuwe Europese regelgeving legt per 2035 de verkoop van nieuwe voertuigen op fossiele brandstoffen

aan banden en in Nederland gebeurt dit al vanaf 2030. Daarnaast wil de Europese Unie in 2050
klimaatneutraal zijn en de uitstoot van broeikasgassen verminde ren. Dit zal ertoe leiden dat er steeds
meer elektrische voertuigen op de Nederlandse automarkt komen die voldoende locaties nodig hebben

om te kunnen laden. Aangezien veel bestuurders van elektrische voertuigen in stedelijke omgevingen

niet de mogelijkhei d hebben om op privéterrein te laden, zal de vraag naar openbare laadlocaties in

stedelijke gebieden de komende jaren toenemen naarmate er steeds meer elektrische voertuigen

worden verkocht. Om openbaar laden op een efficiénte manier mogelijk te makenin s tedelijke gebieden ,
wordt in dit afstudeerverslag gekeken naar openbare laadpleinen.

Een laadplein bestaat uit meerdere laadpunten (elk met één of meer laadpoorten) met een gedeelde
netaansluiting op één locatie die publiek toegankelijk is en heeft verschi llende voordelen ten opzichte
van individuele laadpunten, zoals een lagere belasting van het elektriciteitsnet, lagere totale kosten,
gemakkelijker te vinden, gemakkelijker te installeren en te onderhouden en toekomstbestendig. Als

elektrische voertuigen o p één locatie worden gegroepeerd, is de implementatie van nieuwe technieken
daarnaast kosteneffectiever. Technieken die kunnen worden toegepast zijn bijvoorbeeld loadbalancing

of een microgrid. Door elektrische voertuigen te groeperen en nieuwe technieken toe te passen, zijn
bovendien minder aansluitingen nodig en kan de impact op het elektriciteitsnet worden verminderd door

slimme laadtechnieken toe te passen. Bovendien zullen bestuurders van elektrische voertuigen meer
vertrouwen hebben in het vinden van een geschikte oplaadplek door openbare oplaadpunten te
groeperen, waardoor de acceptatie van elektrische voertuigen toeneemt. Op dit moment heeft
Nederland al een van de hoogste dichtheden in de Europese Unie als het gaat om openbare laders met

699 openbar e laders per 100.000 inwoners terwijl het Europese gemiddelde ligt op 73 per 100.000
inwoners. In totaal tel de Nederland 108.908 openbare laadpunten waarvan 3.157 snellaadpunten
(peildatum oktober 2022). Echter, er moeten in 2030 1,7 miljoen laders gereali seerd zijn om voldoende
publiek te kunnen laden.

Om geschikte locaties voor openbare laadpleinen in stedelijke gebieden te bepalen, is het belangrijk om

te weten wat de gebruikers willen. Zo komen er openbare laadpleinen waar gebruikers er ook gebruik

van willen maken. Daarom onderzoekt dit afstudeerverslag welke voorkeuren van gebruikers het

belangrijkst zijn om opgenomen te worden in een tool die locaties voor openbare laadpleinen in

stedelijke gebieden evalueert. Om te bepalen welke gebruikersvoorkeuren de meeste invloed hebben
op de locatiebeslissing is een keuze -experiment uitgevoerd onder zowel Nederlandse bestuurders van
elektrische voertuigen als bestuurders die op fossiele brandstoffen rijden. Elke respondent van de online
gedeelde vragenlijst met b ehulp van Limesurvey kreeg twaalf verschillende keuzesets gepresenteerd

(van de 486 beschikbare keuzesets). Elke keuzeset bevatte twee verschillende laadlocaties en de
mogelijkheid om geen van de laadlocaties te kiezen. Elke keuze die aan de respondent wer d
gepresenteerd, had twee contextvariabelen die varieerden over de keuzetaken. De inbegrepen
contextvariabelen waren het bereik dat moest worden opgeladen en de beschikbare tijd om het

opgegeven bereik op te laden.

Alle gepresenteerde alternatieven in het genoemde keuze -experiment bevatten dezelfde attributen:
type lader, kosten voor langzaam laden, kosten voor snelladen, loopafstand, laadzekerheid, toezicht op

de laadlocatie, het moeten verplaatsen van het voertuig zodra de accu volledig is opgeladen en de
alternatieve functie voor herbestemde parkeerplaatsen in de straat. Om deel te kunnen nemen aan dit

onderzoek moest de respondent in het bezit zijn van een rijbewijs en in de afgelopen twaalf maanden

meer dan nul kilometer hebben gereden. Bovendien moest elke respondent, voordat deze de resultaten

van het keuze -experiment indiende, verschillende sociaal -demografische vragen beantwoorden. Nadat

de gegevens verzamelingsperiode was beéindigd, werd de verzamelde dataset opnieuw gecodeerd en

werden alleen geschi kte antwoorden geselecteerd, wat uiteindelijk resulteerde in 485 antwoorden in de

dataset. Nlogit is  hierna gebruikt om een Multinomial Logit -model en een Latent Class -model te
schatten. Om te testen op representativiteit zijn meerdere Chi -kwadraattoetsen uitgevoerd. De
steekproef die is gebruikt om de verschillende modellen in dit onderzoek te schatten, is niet
representatief voor de steekproef van het Nationaal Laadonderzoek. Daarnaast is de steekproef niet



representatief voor de gehele Nederlandse bevolk ing, aangezien hoogopgeleide mannen met een hoog
inkomen oververtegenwoordigd zijn in de dataset.

Op basis van de resultaten krijgen langzaamladers de voorkeur boven snelladers bij het overwegen van

een openbaar laadplein in woonomgevingen. Bovendien laten de resultaten van het Multinomial Logit
model zien dat van de attributen die zijn opgenomen in het keuze -experiment, de kosten het
belangrijkste attribuut zijn bij het kiezen van een openbare laadlocatie. Als de kosten stijgen, zal het

nut van de openbare  laadplaats snel afnemen. Bijkomende attributen die een grote impact hebben op

het totale nut zijn de loopafstand, het moeten verplaatsen van het voertuig en de laadzekerheid op een

bepaalde locatie. Op basis van de gepresenteerde resultaten van het Multin omial Logit -model lijkt een
loopafstand van circa 150 meter geen invlioed te hebben op het totale nut van het laadplein. Als de
loopafstanden toenemen, neemt het nut van een openbare laadplek af, terwijl kortere afstanden het

totale nut van een openbare laa dplek vergroten (alle overige gelijk). Deze twee belangrijkste
gebruikersaspecten worden gevolgd door het verplaatsen van het elektrische voertuig zodra de batterij

volledig is opgeladen en laadzekerheid. Alleen als de elektrische auto niet verplaatst hoef t te worden, is
er sprake van een positief deel nut. Hoe lager de laadzekerheid op een bepaalde locatie, hoe kleiner de

kans dat een bestuurder van een elektrische auto voor die locatie kiest.

De overige twee attributen, toezicht op de laadlocatie en de al ternatieve functie voor parkeren, lijken
de locatiebeslissing niet te beinvioeden aangezien deze deel nutten bijna nul zijn. Hoewel de resultaten
slechts een beperkte invioed op de locatiebeslissing laten zien, laten de resultaten zien dat locaties met

cam eratoezicht de voorkeur hebben (alle overige gelijk). Van de verschillende niveaus die voor dit
attribuut zijn opgenomen, wordt cameratoezicht beschouwd als het hoogste niveau van toezicht,
aangezien cameratoezicht het laadplein 24/7 kan bewaken. Dit is in lijn met het literatuuronderzoek
waaruit blijkt dat gebruikers niet bereid zijn gebruik te maken van onveilige laadpleinen. Omdat door

het realiseren van een laadplein geclusterd parkeren voor elektrische voertuigen ontstaat, kan een deel

van de bestaande parkeerplaatsen in de straat een nieuwe bestemming krijgen. Uit de resultaten van

dit afstudeerverslag blijkt dat de respondenten de voorkeur geven aan meer groen in hun buurt als
bestaande parkeerplaatsen een nieuwe bestemming krijgen.

Naast het Multinom ial Logit -model werd een Latent Class -model geschat om te controleren op het
bestaan van verschillende clusters (of klassen) van respondenten in de dataset. Gegeven een bepaald

aantal klassen, werd Nlogit gebruikt om de respondenten in klassen te clusteren en de
parameterwaarden (van een Multinomial Logit -model) voor de respondenten in elke klasse te schatten.

Van de geschatte Latent Class  -modellen presteerde het model dat uit twee verschillende klassen bestond

en geen persoonskenmerken  bevatte, het beste v  olgens de Bayesiaanse informatiecriteriumwaarde.
Aangezien er geen persoonskenmerken zijn opgenomen in het uiteindelijke Latent Class -model, was het
niet mogelijk om te identificeren waardoor een respondent tot een van de gecreéerde klassen behoort.

De red en voor het uitsluiten van de verschillende persoonskenmerken was dat het Latent Class -model
aantoonde dat alle persoonskenmerken met uitzondering van de constante insignificant waren op het

10% -niveau. Klasse één bevat 86% van alle respondenten, terwijl k lasse twee de resterende 14% van

de respondenten bevat. Aangezien klas se twee een relatief kleine klasse is in vergelijking met klasse

€én, is het mogelijk dat dit de statistische insignificantie van de resultaten van de persoonskenmerken
heeft veroorzaakt . Bovendien waren bijna alle Multinomial Logit -modelparameterwaarden geschat door

het Latent Class -model voor klasse twee insignificant, waarschijnlijk als gevolg van de kleine klasse,

terwijl in klasse één de resultaten vergelijkbaar waren met het Multino mial Logit -model.

Als laatste deel van dit afstudeerverslag werd de praktische toepasbaarheid van de resultaten getoond.
Aangezien de resultaten van het Latent Class -model voornamelijk insignificant waren voor de tweede

klasse en de resultaten van de eerst e klasse in overeenstemming waren met de schattingen van het
Multinomial Logit -model, is de praktische toepasbaarheid getoond op basis van de resultaten van het
uiteindelijke Multinomial Logit -model. Uit de toepasbaarheid bleek dat de gepresenteerde result aten
inderdaad in staat zijn om de kans op een keuze tussen twee openbare laadpleinen te bepalen. Om de

praktische toepasbaarheid te laten zien, zijn er echter verschillende aannames gedaan die kunnen

afwijken van de werkelijkheid. Uiteindelijk was het de bedoeling om aan te tonen dat de resultaten van

dit afstudeerverslag een praktische toepassing opleveren, wat ook het geval is. Daarom kunnen de



gepresenteerde resultaten van dit afstudeerverslag worden gebruikt in een ontwerptool om de kans te
bepalen dat een bewoner tussen twee openbare laadpleinen kiest als er potentiéle locaties zijn
geidentificeerd. Daarnaast kunnen de resultaten van dit afstudeerverslag worden gebruikt als
stedenbouwkundigen beslissingen moeten nemen over hoe ze de kans op de keuze va n een laadplein
kunnen vergroten.
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Abstract

With policies restricting the sales of fossil -fuel vehicles, more electric vehicles are going to be sold on

the Dutch car market. In urban environments, electric vehicles will need a place to charge and since

fewer residents in urban environment s have t he possibility to charge on private property, more electric
vehicle drivers are in need of a public charging location. An efficient way to provide public charging in
urban residential environments is through public charging squares. In order to evaluate diffe rent
locations for charging squares, it is key to know which user preferences are most important to be

included in a tool that evaluates the different locations. Therefore, this study provides new information
related to user preferences when deciding on a location to charge an electric vehicle.

In order to identify user preferences, a stated choice experiment has been used to determine the most
important  user preferences when deciding on a location to charge an electric vehicle in urban
environments. In or der to determine the most important aspects when deciding on a public charging
location, the results of the stated choice experiment are analyzed using a Multinomial Logit model.

Additionally, a Latent Class model is estimated in order to check for the exi stence of different clusters
of respondents given a preset number of classes. The main findings presented in this thesis show that
when deciding  which public charging location to use in an urban environment, cost have the largest
impact on the location dec  ision according to the respondents participating in this study . Other significant

aspects which influence the location decision are walking distance, charge certainty and not having to
relocate the electric vehicle once the batteryis  completely charged.

Key words:  electric vehicle, charging square, discrete choice experiment , parking , public charging
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List of definitions

Concept Definition

Charging square

A charging square consist of multiple charging points (each with one or
more charging ports) with a shared grid connection located at a single
location which is publicly accessible

Charging point

A charging point is one electrical connection that delivers the electric
energy for one electric vehicle

Free -floating parking

Free floating parking refers to a fleet of vehicles that have no predefined
pick -up or drop -off locations. The vehicles are parked on available parking
spots around a certain area (Car Rental Gateway, 2022; Renault Group,
2019) .

Parking spot

A spot reserved for the parking of one motor vehicle (Law Insider, 2023)

Charging location

The location (of a charging square ) where electric vehicles can recharge
their battery which is publicly accessible.
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List of abbreviations
AC i Alternating currents

BIC i Bayesian Information Criterion

CBS i1 Centraal bureau voor de statistiek / Statistics Netherlands
DC i Direct currents

ISO - International Standardization Organization

km2 - square kilometer

kW - kilowatts

LC 1 Latent Class

MNL i Multinomial Logit model

NENT iNeder | ands ®utcN standad X
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1. Introduction

The demand for public charging locations for electric vehicles  will increase in the future due to several
factors. The first section  of this introduction will describe the background that causes the increase in
demand for public chargers . In the second section, a detailed description of the problem definition for
this thesis  will be given based on the context of section one. The research question is defined in section
three . After defining the research question , the relevance and researchd  esign will be described. Finally,
the introduction will be concluded with a reading guide.

1.1. Background
The European Commission  (2021) state s that an average CO » reduction of 100%  must be achieved for
all new vehicles sold after 2035. In the Netherlands, new fossil -fuel vehicles are nolonger allowed to be
sold from 2030 onwards (Netherlands Enterpr ise Agency, 2022a) . In addition, new legislation is being
prepared so that business lease drivers are only allowed to choose a new full -electric vehicle as of 2025
(BNR, 2022) .

At the start of 2022, there were 725.6 thousand (partially) electri ¢ vehicles on the road in the
Netherlands (CBS, 2022a) . Research by the Netherlands Enterprise Agency (2017 ) and PwC (2021)
concluded that the Netherlands will have 1.9 million electric vehicles in 2030 . Additionally , all new
vehicles added to the vehicle pool each year will be electric after 2030. In the study of PwC (2021) , this
number was estimated to be 400,000 new electric vehicles each year. To put this in context, the sales

of new vehicles fluctuated around 430,000 peryear inthe pastdecades (Netherlands Enterprise Agency

& Revnext, 2021) . Therefore, the number of e lectric vehicles in the Netherlands will increase in the
future and an adequate location to charge is needed just like the 4,147 publicly available gas stations
where fossil -fuel vehicles currently can fuelup (Stichting BOVAG -RAI Mobi liteit, 2021)

Another reason why there will be an increase in electric vehicles in the Netherlands is because acquiring

a parking permit has become more difficult for drivers of fossil -fuel vehicles (Gemeente Amsterdam,
2022) . In addition, social pressure as well as awareness of climate change results in people switching

to electric vehicles.  Next to the policies of  the European Union and the Dutch national government, the

power grid in the Netherlands is reaching its maximum capacity (Netbeheer Nederland, 2022) . This
means that itis not possible to automatically acquir e anew connection to the grid (Netbeheer Nederland,
2022) , making it impossible to locate a charging point near every existing parking spot

1.1.1. Public versus private chargers
The current users of electrified mobility mainly charge near their residence or at their work (Gonzélez
et al., 2014; Netherlands Enterprise Agency, Vereniging Elektrische Rijders, & ElaadNL, 2021b) . Quee
(2022) and Kleine Schaars (2022) ! expect that in the upcoming years charging will shift from private

to public charging. These expectations are confirmed by the results of the HfANationaal

20220 which sih2082s maorehppeaple used a public charger compared to the previo us year
(Netherlands Enterprise Agency, Vereniging Elektrische Rijders, & ElaadNL, 2022) . A shift towards public
charging is expected since a larger sh are of the charging demand will be in neighborhoods where electric
vehicle owners cannot  charge on private property (Quee, 2022) . Next to that, on average seven out of

ten Dutch households currently rely on public parking (Ministr y of Infastructure and Water Management,
2019) . As a result, if more people who rely on public parking adopt the electric vehicle, the demand for

public chargers in the Netherlands  will increase as well in the future.

Based on Anderson, Lehne, & Hardinghaus (2018) , a major challenge for electric vehicles remains the
need for adequate public charging infrastructure in terms of connections and spaces . 49% of t he
respondents inthe study of Wilman (2022) indicated that more charging locations and higher availability

would increase the adoptio  n rates of electric vehicles. In order to supply in future demand for charging

in the Netherlands, the number of charging points needs to be tripled by 2025 and must be eight -folded
by 2030 (Netherlands Enterprise Agency, 2022a)

1 personal communication, October 18 th 2022
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1.1.2. Future possession of electric vehicles
Figure 1 shows the expected number of electric vehicles per municipality in 2030 and 2050 (ElaadNL,
2021) . Based on th is figure, it can be concluded that a major share of electric vehicles will be in urban
environments  which is in line with the distribution of the Dutch population. Since the largest number of
electric vehicles will be in urban environments, and the number of charging points needs to be eight -
folded by 2030, the largest demand for (new) public charging locations  will be in urban environments.

Not only private transportation but also shared mobility ~ will become more electrified. According to the
Netherlands Institute for Transpor tation Policy Analysis (2021) , most users of shared mobility are living

in urban environments and shared mobility will therefore also use public charging facilities since shared

mobility uses the concept of free -floating parking. By using a free -floatin g parking concept, drivers can
park the vehicle anywhere in the operating area of the shared mobility provider. Several shared mobility
providers indicated that their vehicle pool will be completely electrified within the next five years
(Greenwheels, 2022; Rombout, 2022 2; SHARE NOW, 2022 3). The contacted shared mobility providers

had a combined market share of 17% at the end of 2021 ( the total number of shared cars in 2021 was
equal to 87,825 (Over Morgen, 2022) ).
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Figure 1. Expected number of electric vehicles per municipality in 2030 and 2050 (ElaadNL, 2021)

1.1.3. Demand locations for  public charging in urban environments
The locations in urban environments where people can charge are grouped into roughly three categories
near their work, near the ir residence and near destinations which are visited (ElaadNL, 2021)

As of 2020 , itis required for new construction of businesses to have at least one charging point if there

are over ten parking spaces (ANWB, 2022c; Elix, 2022; Ondernemersplein KvK, 2022) . Additionally, one
in five parking spaces need s to be prepared for charging an electric vehicle (Neth erlands Enterprise
Agency, 2019a) . Forexisting businesses , the legislation states that there should be at least one charging

point from 2025 onwards (ANWB, 2022c; Elix, 2022; Onde rnemersplein KvK, 2022)

2 E-mail, September 22 ", 2022
3 E-mail, September 21 st, 2022
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For retail, customers are increasingly shopping online and, in the future, more and more people are
going to shop online  (ABN AMRO, 2021; CBS, 2019; Retail insiders, n.d.; Roest, 2021) . However, for
some ret ailers , online shopping is only a very little percentage of the total sales. For example, the total
online sales of grocery shopping are 5.4% (Supermarkt & Ruimte, 2022) while for IT, 71% of the total
sales is online (Retall insiders, 2022) . According to the  Centraal Bureau Levensmiddelenhandel (202 2),
people spend on average 26 minutes in a grocery store per visit. Therefore, in order to significantly
charge an electric vehicle when grocery shopping , fast chargers are needed. Fast chargers will be
common near retail locations in the future (Gilleran et al., 2021) , howev er, these fast chargers will have

a larger impact on the electricity grid compared to slow chargers (Chau, 2014) . Due to the electricity
grid reaching its maximum capacity and the need for fast chargers near retail locations due to the short

visiting time, retail is not consider ed in this thesis.

In residential areas, alot of space is publicly owned and therefore there are more possibilities to locate

public chargers in residential areas . Residential areas can be subdivided into new construction and the
existing built environme  nt. In new construction , public charging facilities can be incorporated from the
start while in the existing built environment, there are more limitations when incorporating public
charging facilities.  Currently, 42% of the driven kilometers are charged at home w hile only 13% is
charged near the office  (Netherlands Enterprise Agency et al., 2022) . Additionally, people are working
more from home and will do even more so inthe future , resulting in the elect ric vehicle being charged
more near the residence (Accountant, 2022; Netherlands Bureau for Economic Policy Analysis, 2021,
Netherlands Institute for Transportation Policy Analysis, 2022) . Moreover , 88.5% of all vehicles in the
Netherlands is private ly owned (CBS, 2022b) and if all these vehicles become electric vehicles in the
future, more public charging facilities are needed near the residence  s.

1.2. Problem definition
The Netherlands will see an increase in population an d income, resulting in increas ing car ownership
(Hilbers et al., 2020; Netherlands Environmental Assessment Agency, 2022) . Due to legislat ion, the
increasing car ownershipwill ~ , inthe future , resultin more electric vehicles, and therefore more chargers
are needed in the Netherlands . Many of these chargers will need to be publicly available  due to the shift
from private to public charging (Netherlands Enterprise Agency et al., 2022) . Additionally , m ore public
charging locations are needed for higher adoption rates of electric vehicles in urban residential
environments  (Anderson et al., 2018; Wilman, 2022) . The need for adequate public charging locations
is therefore the problem that will be addresse d in this thesis. If there are not enough public charging

locations available or located where users are  not willing to charge , the adoption of the electric vehicle
will slow down .

The focus is on  urban residential  environments since public chargers should be located where electric
vehicles are highly concentrated and parked for longer periods of time (U.S. Department of Energy,
2022) . Since the reliance on on  -street parking is the highest in urban residential areas, the need for
public chargers will here also be the highest.

As more electric vehicles are adopted, the electricity demand  will increase , resulting in more  stress on
the electricity grid. Since the electricity grid is reaching its maximum capacity, smart solutions have to
be adopted to offer all electric vehicle users charging solutions without exceeding the maximum capacity

of the grid. One of the possible solutions is a charging square (NKL Nederland, 2021a) . A charging
square has multiple benefits compare  d to individual charging points, like lower impact on the grid, future
proof, easier to find, lower overall costs, and easier to install and maintain (De Croon, 2022 4; NKL
Nederland, 2021a) . Additionally, smart charging techniques can be implemented at lower costs
compared to individual charging points.

The core of the problem for public chargers is that ther e will be a need for space to charge electric
vehicles in the future. This space needs to be located where users are willing to use it since investors

4 Personal communication, October 20 th 2022
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only want to invest in profitable business cases . Therefore, t he problem statement will be approached
fom a userdés perspective since users wild/l have to accept the

The aim is to provide information about the user preferences for charging locations to improve and
optimize the location of public charging squares so that users will be satisf  ied with the locations and are
more likely to choose the public charging square . This thesis will determine important user aspects to
determine suitable public charging square locations, in order to increase electric vehicle adoption rates

and meet climate goals. Using the results, decision  -makers are more likely to select sites that are in line
with user demands.

1.2.1. How long will this problem exist?
This section examines  the different developments and their influence on the demand for charging
location s.

New charging techniques are being developed in order to enable electric vehicles to charge their battery

in ten minutes up to 90% when the battery is almost empty  (American Chem ical Society, 2022)
However, fast charging can result in  higher battery degradation if used constantly (Al-Saadi, Olmos,
Saez-de-lbarra, Van Mierlo, & Berecibar, 2022; Mathieu, Briat, Gyan, & Vinassa, 2021; Tom, 2022) .
Constantly fast charging a battery can reduce the lifespan of the battery by a factor of three (ae-
electronics, 2022) . In the future, this reduction of battery lifespan ~ might be more limited due to battery
developments. In addition , fast charging has a larger impact on the electricity gr id compared to slow
charging due to the higher power and therefore also needs a transformer  (NKL Nederland, 2020b) . A
transformer has some negative side -effects like its costs, the level of sound production and the magnetic
field which are not preferred in residential environments (GGD leefomgeving, 2022a) . Therefore, in the
future, there will still be a need for slow ch argers.

Another development is wireless charging which uses amagnetic field to charge the battery of an electric
vehicle (Amjad, Farooq -i-Azam, Ni, Dong, & Ansari, 2022; ElaadNL, 2022a; Lanova, 2022; Mude, 2018)

However, for wireless charging the receiver and transmitter need to be aligned properly (Ching & Wong,
2013; Mude, 2018) . Not properly aligning the receiver and transmitter can result in a power loss of up

to 25% (Lanova, 2023) . Additionally, the current electric vehicle pool does not support wireless charging
while these electric vehicles can be expected to be on the road for several years.  Therefore, this
technique needs furthe r development before itcan beimplemented on a large scale.

The battery is not only the largest, heaviest and most expensive component of the electric vehicle

(ANWB, 2022b) , but also a key component since it influences the range and charging time of the electric

vehicle. The current batteries for electric vehicles are Lithium -ion batteries (ANWB, 2022b) and result
in an average range of 425 kilometers for a large electric vehicle, 310 kilometer s for a middle -class
electric vehicle and 230 kilometer s for a small electric vehicl e (Milieu centraal, 2022a) . Since, on
average, a car drives 35 kilometers a day and only a few cars drive more than 100 kilometers on a
regular daily basis  (ElaadNL, 2022b) , the current electric vehicles can provide the range f or the daily
commutes of most users. As new innovations will increase the range with the same battery size in the

future, it will not be needed to charge an electric vehicle daily.

The advantage of a hydrogen powered vehicle is that refueling will be just like the current fossil  -fuel
vehicle (Hordijk, 2021; Shell, 2020) . However, only a limited number (fifty) of refueling stations will be
available in the Netherlands in 2025 (H2Platform, 2018; Rijkswaterstaat, 2022; Shell, 2020) . Next to
that, the production of hydrogen uses a lot of energy (Hordijk, 2021; Nauta, 2021)

If autonomous vehicles become the standard, it is not needed to have a parking location in the direct
vicinity ofthe user  since all vehicles can drive autonomously to remote charging sites . Currently, vehicles
can drive autonomously under controlled circumstances, however, driving autonomously in cities is only

expected to be realize d in 2040 at the earliest (Hilbers et al., 2020; Hogeveen, Steinbuch, Verbong, &
Hoekstra, 2021)

Shared mobility and Mobility as a Service can reduce overall car ownership in the Netherlands (Hilbers
et al.,, 2020) . However, ¢ ar ownership is more likely to increase than decrease up to 2040 (Ministry of
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Infrastructure and Water Management, 2021; Netherlands Environmental Assessment Agency &
Netherlands Bureau for Economic Policy Analysis, 2020) . It has to be noted however thatt here is a
small decline in young people owning a vehicle (CBS, 2020; Netherlands Environmental Assessment
Agency, 2016) . But, evenifsha red mobilityincreases,  therewill stillbea need for public charging point s
due to free -floating parking

Concluding the mentioned developments, also in the near future there will be aneed for places where
electric vehicles can stay for a longer duratio n in order to charge the battery at a slower pace.
Consequently , suitable locations need to be found to provide charging for electric vehicles in the future

1.2.2. What are the consequences if the problem is not solved?

Not providing enough public charging locations in the future will have several consequences. First, the
goal of the European Union to have a net -zero emission of greenhouse gasses in 2050 will be harder to
achieve (European Commission, 2011) . To reduce greenhouse gas emissions, the use of electric vehicles

on a large scale is crucial accordingto Anderson etal. (2018), Gonzélezetal. (2014 ), Lopez-Behar et
al. (2019) and Pan, Tian, Tang, & Yang (2019) . In order to increase adoption rates, Wilman (2022)
states that more charging locations and higher availability of charging locations are needed.

Air pollution in the Netherlands has been re duced considerably in the last decades and by using electric
vehicles , which do not emit any pollutants , air pollution can be reduced even further (GGD leefomgeving,
2022b) . Another major benefit of using electric vehicle s compared to traditional fossil -fuel vehicle s is
that an electric vehicle battery only uses 30kg of raw materials (taking recycling into account), while a

fossil -fuel vehicle uses 17,000 liters of fuel during its lifespan (European Federation for Transport and
Environment, 2021)

Other important benefit s of electric vehicle s are the lower emissions of CO  » (up to 40%) and no emission

of nitrogen dioxide (Netherlands Enterprise Agency, 2022b) . Due to the higher weight of electric
vehicles, the emission of non -exhaust particulate matter is higher but o verall, the OECD (2020) states
that the relative particulate matter emissions are lower compared to  the internal combustion engine
Consequen tly, the electric vehicle will contribute to a better public health.

Finally, many cities worldwide are embracing electric vehicles as a way to create more sustainable

transportation fleets in their city (He, Ma, Qi, & Wang, 2020) . Moreover, cities are also seeing electric
vehicles as a major con tributor to creating smart cities as well as reducing the emissions and pollutants
in the city. According to He etal. (2020) , stricter environmental regulations on emissions boost vehicle

electrification and the phasing out of fossil -fuel vehicles.

1.2.3. What is an efficient way to provide charging ?
As already briefly mentioned, an efficient way to provide public charging in urban residential
environments is through charging squares. In this thesis, a charging square is defined as follows: fA
charging square consist of multiple charging points (each w ith one or more charging ports) with a shared
grid connection located at a single location which is publicly accessible 0. I n the | it éhaptérure revi e
2), amore detail ed elaboration on this definition is given.

A charging square has several benefits compared to individual charging points , like lower impact on the
electricity grid, easier to find, lower overall costs, easier to install and maintain and future proof ( De
Croon, 2022 5; NKL Nederland, 2021a) . If public chargers are grouped in one location, implementing
new techniques will be more cost -effective. Techniques that can be implemented are load balancing,

Vehicle -to-Grid, or a microgrid for example. Furthermore, by grouping public chargers and implementing
new techniques, fewer con  nections are needed and the impact on the grid can be reduced.

For a resident of an urban environment, the benefits of a charging square will result in a lower search

time for an available charger since charging squares are easier to find. Additionally, s ince charging
squares are future proof, charging squares can easily be expanded when demand increases over time .
Another benefit for the user of a charging square is that the charge certainty will be higher since smart

5 Personal communication, October 20 th 2022
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charging techniques can be implemente d. Additionally , by grouping public chargers together electric
vehicle drivers will be more confident in finding a suitable charging spot , increasing the adoption of
electric vehicles.

1.3. Research question
In order to make a well -informed decision for the lo cation of a charging square, it is needed to know
what attracts users to a certain location. Therefore, in this thesis the main research question will be:

fiWhich user preferences are most important to be included in a tool that evaluates
locations for charging squares in metropolitan areas? 0
In order to be able to answer the main research question, the following sub -questions have been
identified:
0  Which stakeholders are involved in charging location s and what are their interests?

o  Which built environment aspects influence the location of a charging square?
o  Which user aspects influence the choice for a charging location?

1.4. Relevance
As the problem definition indicated, the Netherlands will see an increase in public charging locations in
order to keep up with the growth of electric vehicles in urban residential environments. To provide
suitable public charging locations, knowing the user preferences is key. Since this study tries to identify
importantuser  aspects related to charging an electric vehicle , this thesis will contribute to the academic

knowledge about user preferences for public charging locations

Existing studies have identified important parking choice attributes but have not considered themi n
relation to charging an electric vehicle. The studies that did identify both parking and charging attributes,

did not analyze them collectively. By combining the different aspects, trade -offs have to be made when
deciding on a location for charging. By u sing the intended  approach (section 1.5) , more insights will be
provided on the identified problem.

Next to the scientific contribution, there will also be a societal contribution. By considering the user

preferences for public charging locations from the start of the development, the decision -process on this

topic can be improved , reducing the effort needed to create suitable locations and costs can be reduced.

By improving the decision  -process , fewer societal resources will be needed during the decision -making

process andt he saved resources can now be allocated elsewhere in society. Another societal benefit of

this thesis is that future policies can be based on this the
made. Therefore, the knowledge that is ob tained in this thesis, can be used in future studies related to

charging electric vehicles, as well as by public decision -makers.

Additionally, if electric vehicle adoption is halted, through for example not providing enough public
charging locations, achi  eving the set climate goals will be hard. In order to meet the climate goals, the
adoption of electric vehicles is key and in order to adopt the electric vehicle, more public charging
locations are needed  (Anderson et al., 2018; Wilman, 2022)
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1.5. Research design
This sub -section will describe the approach that will be used in this thesis  to get to the final output.
Figure 2 shows the main steps that will be taken during this study.

Stage 1.

Literature review

Stage 2.
Stated choice
experiment

Stage 3.

Practical application
of the results

Figure 2. Research approach

1.5.1. Literature review
The first step in this thesis is a literature review. During the literature review, the existing literature
related to this  topic will be reviewed.  After the literature review,  sub-question one can be answered and
important items for ~ sub-questions two and three can be identified. Additionally, the extended literature
review will provide the needed theoretical substantiation thatis needed throughout this thesis.

1.5.2. Stated choice experiment
After the literature review, a stated choice experiment will be set up to capture the user pref erences
that impact the location choice. The literature review will reveal potential important aspects related to
publicly charging electric vehicles which will have an influence on the electric vehicle driver choosing
between charging locations . Theresul ts ofthe literature review are used tocreatethe choice alternatives

in the stated choice experiment. In the stated choice experiment , trade -offs have to be made by the
respondents between the different attributes  and their corresponding level included i n the choice
alternatives . Additionally, during the stated choice experiment, unproven techniques/aspects that are

not yet considered in the literature but are expected to have an effect on the choice for a public charging
location can be tested (Brown, 2003; Hensher, 1993)

1.5.3. Practical application of the results
After the stated choice experiment has been conducted, the practical application of the results will be
shown by determining the demand for public chargers at potential public charging square s in a
predefined region . The practical application of the results will show that a tool is able to help deciding
on the locations for  public charging squares as well as determin ing the probability that a location is
chosen by residents . Additionally, by  showing the practical application of the results, the procedure to
tackle the allocation problem will be shown.

1.6. Reading guide
The remainder of this thesis is structured as follows. The next chapter, chapter two , will describe what
is currently published in the literature. Chapter three will focus on the methodology that is going to be
used in this thesis  and chapter four will pre sent the results of the stated choice experiment and analysis
performed . Chapter five will show the practical application of the results presented in chapter four .
Finally, this thesis will be concluded with a discussion and conclusion including recommenda tions for
future studies (chapter six).
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2. Literature study

In this literature study , a closer look will be taken at the existing literature related to the subject of this
thesis . The p urpose of th is literature review is to analyze the existing knowledge related to public
charging as well as public parking . Furthermore, the literature review will help to include relevant
attributes inthe stated choice experiment. Additionally, if any assumptions need to be made during this
study, the literature review will provide a theoretical substantiation

The literature review will be build -up in the same order as the sub -questions that have been identified

in chapter one. The topics that wi |l be addressed in this literature review are an analysis of the current
charging infrastructure in the Netherlands  (section 2.1) followed by a definition of charging square S
(section 2.2) . The third part of this literature review is about the user preferences for parking (section
2.3) followed by the build environment aspects that influence the choice for a suitable charging location
(section 2.4) . After section 2.4, the stakeholders involved in the location decision process will be
elaborated (section 2.5) . Next, a look will be taken atthe current policy for allocati ng a public charging
point (section 2.6) . The literature review will be concluded with a conclusion that summarizes all

findings.

2.1 Current charging infrastructure
In order to meet futur e demand for charging, the Netherlands Enterprise Agency (2019b) estimates that
1.7 million charging points are needed in 2030. The current public charging infrastructure in the
Netherlands is already well developed since the Netherlands has one of the highest charging
densities in the European Union (Netherlands Enterprise Agency, 2022d) . In the Netherlands there
are 699 public chargers per 100,000 inhabitants while the European average is 73 per 100,000
inhabitants  (Eckardt, 2022) . In October 2022, the Netherlands had 108,908 publicly available charging
points of which 3, 157 fast-charging points (Netherlands Enterprise Agency, 2022c) . However, in order
to have 1.7 million chargers in 2030, many more public chargers need to be installed. The total number
of electric and hybrid vehicles in October 2022 in the Netherlands was equal to 9 78,087 (Netherlands
Enterprise Agency, 2022c) which means that one publicly available charging point has to be shared by
nine el ectric vehicles. However, it has to be noted that there are also private charging points in the
Netherlands (around 327,000 (Netherlands Enterprise Agency, 2022c) ) and therefore the total number
of electric vehicles that have to share a public charging point will in reality be lower.

The time it will take to ch arge an electric vehicle depends on boththe maximum speed thatthe battery

of the vehicle is able to charge as well as the capacity of the charger (Hampton, Schwanen, & Doody,
2019) . In the Netherlands there are two types of charging points , t hose for chargin g at a slow rate
and charging points for fast charging an electric vehicle (EV-database, 2022) . The difference between

slow chargers and fast chargers is the capacity andthe electric current used to charge. Slow chargers
use alternating currents ( AC), while fast charg ers use direct currents (DC) . When charging with AC
currents, the AC/DC converter in the electric vehicle converts the AC current of the charger into DC
current stored in the battery. A fast charger already charges with DC current and therefore, the AC/DC

converter in the car can be bypassed (evcompany, 2022) . By bypassing the AC/DC converter, it is
possible to reach higher charging capacities when using fast chargers since the converter in the car has

a maximum capacity . Table 1 below gives more detailed information regarding the main charging types
(European Environment Agency, 2016)
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Table 1. Overview of charging types (European Environment Agency, 2016)

Current Capacity Charging time Accessibility
3.7 kW 6-8 hours Private
AC - single phase
7.4 kW 3-4 hours
Slow charging
11 kw 2-3 hours Public and private
AC - three phase
22 kW 1-2 hours
50 kW 20-30 minutes
Fast charging DC Public
>120 kW 10 minutes
The most common charging point in the Netherlands is the slow charging point , with a capacity
of upto 22 kilowatts (kW) (EV-database, 2022) . Ascan be notedintable 1, fastchargershavea much
higher capacitythan  slow chargers. Older models have a capacity of 50 kW while the new, more modern
fast chargers can reach capacities between 150 - 350 kW (EV-database, 2022) . The study of Anderson
et al. (2018) allowed respondents  to specify the characteristics for public charging stations and the

respondents showed a clear preference for charging points with a capacity of 22 kw AC.

Considering the current distribution of publicly available charging points , the province of Zuid -
Holland hasthelargest number of charging pointsand  the province of Drenthe the smallest  (Netherlands
Enterprise Agency, 2019b; Netherlands Enterprise Agency et al., 2021b) . Since the largest share of
electric vehicle owners currently lives in Zuid -Holland and the fewest in Drenthe , th is distribution is
logical. Next to that, in Zuid -Holland there are fewer locations to charge on private property and
therefore, the share of publicly available charging points is higher.

The charging infrastructure in the Netherlands is not managed by on ly one organization (NKL
Nederland, 2020a) . Energy companies, local governments as well as charging network operators are

managing the charging infrastructure in the Netherlands (Buck Consultants International et al., 2019;

NKL Nederl and, 2021c) . These different organizations cooperate to provide an adequate distribution of
charging points that cover s the whole Netherlands, make sure that the charging network is well
maintained and meet s the growing demand for charging . Examples of some of the largest charging
network operators in the Netherlands are Fastned, Allego, and Shell recharge.

In order to be able to use the public charging infrastructure in the Netherlands, the owner of the electric

vehicle needstoscan /use aso-calledcharging card (Al aadpaso in Dutch)
through the oper at or(ANMWBWEA2ax Miiee eantraal, 2@23) . In the Netherlands, it is
possible to charge an electric vehicle at any public charging point using any type of charging card,
however, every supplier of a charging card has its own terms & conditions and prices (EVkenniscentrum,
2023) . On average, the Dutch electric vehicle owner therefore has 2.55 charging car ds to be
able to initiate and pay for a charging session (Netherlands Enterpris e Agency etal., 2021b) . By having

multiple cards, the electric vehicle owner can choose for the lowest price each time a charging session
is initiated.

2.2. Definition of a charging square
In order to create a clear understanding of what is meant by a charg ing square in this thesis, this section
will provide a more detailed description

After having reviewed multiple literature resources, the current definition of a charging square is defined
a s A éharging square consist of more than two charging points fo r electric vehicles with a shared grid
connection at public parking facilities 0 (Netherlands Enterprise Agency, 2021; NKL Nederland, 2019,

31

or

nit



2021b; Overheid.nl, 2021) . A charging point , as mentioned in the definition , can be equipped with one
or more charging ports to connect the electric vehi cle to a charging point

The theoretical definition of a charging square is given above , however, theory and practice might not

be the same. After consulting several experts, it became evident that when talking about a charging
square in practice, achargi ng squar e i s Adharfingsquare cansist éf eight to ten /twelve
charging points  (each with one or more charging ports) , with a shared grid connection at a public parking
facility o (Berg, 2022 6; Hoekzema, 2022 7; Van Der Kraan, 2022 8).

Based on both the theoretical as well as practical definition, a charging square in this thesis is defined
a s A c¢harging square consist of multiple charging points (each with one or more charging ports) with a

shared grid connection located at a single lo cation which is publicly accessible 0. A charging point can
either be a slow charging point or a fast -charging point.

Benefits of a charging square compared to individual charging points are that charging squares are
easier to find, have a lower impact on the electricity grid since new techniques can be implemented,

and charging squares are future proof since additional ¢ harging points can be added once the demand

increases over time.

2.3. User preferences in residential areas
Accordingto Yan & Ma (2016) electric vehicle charging points can be considered a public se  rvice facility
and therefore, convenience for the user is important. In order to create convenience for the user,
knowing their preferences is key. As mentioned in the introduction, public chargers need to be located
on a location where users are willing t o use them. Since current knowledge to support the location
decision for a public charging square in urban residential environments is lacking, the existing literature
has been reviewed on parking behavior and preferences in general. This is because part o f the problem
that has been identified in this thesis s related to finding a suitable parking location in urban residential
environments. Looking for a public charging location could be considered as looking for a public parking
facility including a  publi c charger . Therefore, the literature is reviewed on parking preferences, since
this thesis is aimed at finding user preferences of electric vehicle drivers when deciding on a public
charging location. If it is known what users take into consideration when looking for a public parking
facility, this can be taken into account when making a decision for realizing a new public charging square
at a certain location

2.3.1. Costs
The studies of Chakraborty, Bunch, Lee, & Tal (2019 ), Chaniotakis & Pel (2015), Golias, Yannis, &
Harvatis (2002 ), Hassine, Mraihi, Lachiheb, & Kooli (2022 ), Hilvert, Toledo, & Bekhor (2012), Ibeas,
dell 601 i o, Bor daga(Rt4), KokusGutiériéz airPuigarnau, Rietveld, & Van Ommeren (2012)
and Litman & Burwell (2006) showed that when deciding on a location to park, cost is the most important
aspect considered. In the city center of the four largest metropolitan areas of the Netherlands, the
parking costs result in a price elasticity of -0.7 for household car ownership (Ostermeijer, Koster, & van
Ommeren, 20 19) . Not only in city centers does parking fee influence the number of parked cars, also in
the suburbs results an increase in parking fees in a reduction of parked cars according to Nissan,
Ntriankos, Eliasson, N&sman, & Borjesson (2020) who studied how the introduction of parking fees
impacts parking demand in the suburbs of Stockholm.

For electric vehicles, the costs are not only related to the parking fee. The cost of charging also impacts

the location choice  (Chakraborty et al., 2019; Hampton et al., 2019) . The majority o f car users only
want to pay for the charged kWh and do not want to pay any basic subscription fee in order to be
allowed to use public charging infrastructure (Globisch, Plétz, Dutschke, & Wietschel, 2018) . Costs are

6 E-mail, September 29  t, 2022
7 E-mail, October 3 ™, 2022
8 E-mail, October 4 ™, 2022
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therefore an important tool to regulate the demand for parking (Netherland s Institute for Transportation
Policy Analysis, 2018)

2.3.2. Availability
According to Chaniotakis & Pel (2015), Hassine, Mraihi, & Kooli (2019) and Litman & Burwell (2006) ,
availability is another important aspect related to finding a suitable parking location . Availability is
related to the number of spots that are present  at the location and the number of vehicles served by
that location . The public charg ing location should therefore offer enough charging points for multiple
electric vehicles to be charged at the same time since the literature showed that both men and women
are reluctant to move their electric vehicle when their battery is completely charg ed (Philipsen, Schmidt,
Van Heek, & Ziefle, 2016) . Ifthere are not enough parking facilities in an area, car drivers will look for
an available parking spot in the nearest area (Al-Fouzan, 2012) . This will than reduce the availability in
that area since the additional demand was not considered when determining the number of spots

2.3.3. Search time

Search time is another important consid eration related to  finding a suitable parking location (Golias et
al., 2002; Hassine et al., 2022; Hass ine et al., 2019; Ibeas et al., 2014) . Search time is the amount of
time a driver needs  in order to find  a vacant parking  spot, therefore, search time can be related to
availability (Brooke, Ison, & Quddus, 2014) . Drivers are , on average , willing to search for eight minutes
before going to the next parking location (Chaniotakis & Pel, 2015) . Anderson et al. (2018) state that
charging infrastructure should be provided at destinations which are often  visited by the users of electric
vehicles , such as the residence for example, in order to prevent the need to make significant detours.

Currently, users of electric vehicles do not expect public charging points to meet their daily charging

needs since users want to have additional charging backup (Anderson et al., 2018) . A possible
explanation for thisis  that the majority of the current electric vehicle drives are able to charge at home

and therefore do not need to use public charging points on a regular basis. However, they are still

reluctant to make significant detours (Philipsen, Schmidt, & Ziefle, 2015)

Search time is not only related to finding a suitable parking location for the electric vehicle driver, but

also related to being able to find a public charging point in order to charge the electric vehicle. In order

to charge an electric vehicle, the driver must search for an available parking spot with an available
charger. Therefore, electric vehicle drivers are searching for a more specific location.

2.3.4. Distance between parking location and final destination
Distance between the parking location and the final destination is another important aspect related to
the choice where to park (Golias et al., 2002; Hassine et al., 2022; Hassine et al., 2019; |beas et al.,
2014; Litman & Burwell, 200 6) . Drivers would like to have the parking location as close as possible to

the final destination , like their home  for example , in order to reduce the walking distance (Netherlands
Institute for Transportation Policy Analysis, 2018) . The maximum acceptable walking distance is mainly
determined by the duration spend at this location ; an acceptable walking distanc e to the residence is

around 150 meters (Christiansen, Fearnley, Hanssen, & Skollerud, 2017; Netherlands Institute for
Transportation Policy Analysis, 2018)

2.3.5. Other
Next to the criteria mentioned above, the literature also mentioned other user criteria. These criteria
are however not mentioned extensively in the literature but are still considered important when deciding

on a location to charge the electric vehicle

In order to be able to create a safe parking space, visibility is very important according to  Philipsen et
al. (2015) . If the place is visible from multiple directions people will feel safer due to the enhanced social

control. Additionally, by indicating the route to the parking location as well as the number of free spots

atthe parking location, the likeli hood of people using the parking location will increase which will again

resultin a higher  social safety level (Philipsen etal., 2015) . Itis assumed that with higher safety levels,
electric vehicle drivers will be more inclined to leave their electric vehicle behind due to the presumed
lower change of vandalism or theft. Another way to increas e the safety level of a parking location is by
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having adequate lighting (Classic architectural group, 2022; Philipsen et al., 2016) . Other user aspects
that are related to user safety are safe pedestrian paths , minimizing visual obstructions and maximizing
passive surveillance  (Classic architectural group, 2022; TransPark, 2022)

A final user aspect is reliability (Philipsen et al., 2015) . Reliability referstoth e availability ofa  working

charging point. If there is always a charging point available when you need it, it is possible to  rely on

that location to charge. In this way, there will be no waiting time for the users. However, reliability does

not only refe r to availability and the ability to find a charging point. Reliability also means that there

should be no technical issues that obstruct charging, like malfunctioning chargers or electric current

dropouts for example. According to the results of O6Connor , Barnes, & thermgosth ar t (20
common frustration of electric vehicle owners is a broken/nonfunctional charger or having too few

charging points available. This is because if an electric vehicle has to be charged, the owner wants to

be able to connect their electric vehicle to a charger immediately when arriving at the charging location

(Philipsen et al., 2016)

2.4. Built environment asp ects
Different aspects of the built environment also play a role in the suitability to locate a ¢ harging square
somewhere . Accordingto Wu & Niu (2017) , the geographical en  vironment near the charging square is
indeed one of the most important factors that needs to be considered since it will have a direct impact
on determining the feasibility of the location . Below, multiple aspects that are affecting the suitability of
a ce rtain location according to the literature will be elaborated upon .

2.4.1. Accessibility, coverage & traffic flow
Based on findings of Helmus & van den Hoed (2016 ), Melaina & Bremson (2008 ) and Wang, Liu, Cui,
Xi, & Zhang (2013) , it is recommended that the access to electric charging facilities needs to be
satisfactory , in order to increase electric vehicle adoption. Achieving higher accessibility can be done by
locating the charging  points on a central location where there is the possibility to access the site from
many different directions (Philipsen et al., 2016) . Even though Philipsen et al. (2016) showed that
accessibility is ranked as the third most important criteri on when deciding on a location for fast -chargers,
it is considered to be a highly important aspect when locating charging squares in the residential
environment

Having access to a charging locati on does not only mean that it is accessible when the driver needs it.

It also refers to having a place nearby. This means that accessibility is related to both temporal as well

as spatial accessibility. The larger the distance  between the demand point and the charging location
becomes, the lower the use will be (Efthymiou, Antoniou, Tyrinopoylos, & Mitsakis, 2012) . Therefore, if
the distance to the charging location becomes smaller, the accessibility increases, which will encourage

drivers to switch to electric vehicles according to He, Kuo, & Wu (2016) .

According to Bian et al. (2019 ), Dong, Ma, Wei, & Haycox (2019), Qian et al. (2017 ) and Wu & Niu
(2017) , the traffic flow will have an impact on the decision to create a charging location since if more

traffic is coming to the location, the profits and service capabilities will also increase. Therefore, good
accessibility is also related to the structure of the road network since having a good road network
surrounding the charging location, will result in fewer congestions , reduced search time  and theref ore
increases t he accessibility (Yan & Ma, 2016) . Not only the access to and from the location is important,

but also the number of vehicles entering and leaving the charging location determine s the profit ability
and suitability  of the location (Wu & Niu, 2017) . If electric vehiclesle avethe charging facility directly or
shortly after their battery is completely charged , a charging point will not be unnecessarily occupied .
This will make the charging point available for the next electric vehicle driver that needs to charge
Therefore, the distance to and from the charging location needs to be taken into account.

2.4.2. Parking situation

When the electric vehicle is not used, it can be parked on a parking  spot with or without a charging
facility. If the electric vehicle does not ne ed to be charged, the possibility to charge an electric vehicle

has no influence on the choice for a parking spot and the electric vehicle user is free to choose from all
available parking spots. If the electric vehicle does need to be charged, the driving pattern of the electric
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vehicle will be influenced by the location of charging points . The location ofthe charging point influences
the driving pattern since the electric vehicle user needs to search for an available charger and is limited
in the number of available parking spots .

Not only the location of the charging point in the neighborhood play s a key role in the usage but also its
location relative to other charging points plays a role (Van Montfort, Kooi, Van Der Poel, & Van Den
Hoed, 2016) . If the charging points are well distributed across the service area, search traffic will be
reduce d. Additionally , the number of charging points has to be sufficient for the service area. If thisis
not the case and there is more demand for charging than available supply, electric vehicle users  will
need to search for available charging points in the surrounding neig  hborhoods increasing the search
traffic (Philipsenetal., 2016) .Consequently, clusters of public chargers should be sufficiently distributed
over the service area in order to supply a larger group of potential users and prevent search traffic and
congestions

2.4.3. Safety of the vehicle
When deciding on a place to create a public charging location , safety of the electric vehicle needs to be
taken into account.  Safety refers here to the preven tion of vandalism and theft and a good safety level
can result in long -term business (Li, Ma, Cui, Ghiasi , & Zhou, 2016; Silvester et al., n.d.) . Adequate
safety levels will therefore result in a higher willingness to use a charging location. Two possible solutions
to increase the safety levels and reduce vandalism and theft are having adequate lighting and having
adequate security measures in place (WCCTV, 2023) . Not only vandalism and theft are important, but
also the road safety on the charging square is important. Possible solutionsto  increase the road safety
on a charging square are performing adequate maintenance to the road surface , restricting the
maximum speed, and  a car park management  system (Image Extra, 2021; Seton, 2022 ).

Another aspect of safety is related to fire safety. It is very important to take fire safety into account

since electrical fires are different compared to regular fires (Nederlands Instituut Publieke Veiligheid,

2022; Rosmuller, van der Graaf, & Hessels, 2021) . Fires in electrical veh icles are different because the

fire initiation takes place at a slower pace and takes longer to reach the maximum temperature

(Rosmuller et al., 2021) . Additionally, it is possible for a battery to ignite itself again, even after the fire

has been extinguished, which i s(Nederlandselrdtituat Pibliekee/eiliglzel rdynawayo
2022) . However, at this moment there are no specific fire safety requirements in the building decree of

the Netherlands regarding electrical vehicles and charging these vehicles (September 2022) (Nederlands

Instituut Publieke Veiligheid, 2022) . As of January 2024, a new building decree ABesl ui't Bouwwer ken
Leefomgevingo wild.l have specific requir e mdQvereid.n,l@2by di ng el ec
The NEN-4010 has published specific requirements regarding the electrical installations, including

among others automatic power cut -off requirements, protection against overload and prevention of

short circuits  (NEN, 2022) . The chargers used to charge an electric vehicle must comply with these

regulations.

According to Sun, Bisschop, Niu, & Huang (20 20) , the probability that a parked electric vehicle which is
not charging catches fire is not significantly higher than for a conventional vehicle . However, when an
electric vehicle is being charged, the reisahigher probability ofthe vehicle catchingfire due tothe extra
actionthattake s place (Rosmulleretal.,2021) . The extra action here refers to the electric vehicle being
charged instead of only being parked (like a petrol vehicle). If an electric vehicle 's battery catches fire,
extinguishing the fire completely is more difficult duet o the thermal runaway. Other safety aspects that
should be considered are the electrical installation used as well as the fact that the development of

charging techniques alway s have start -up problems (Nederlands Instituut Publieke Veiligheid, 2022;
Rosmuller et al., 2021)

2.4.4. Grid capacity
In order to be able to charge an electric vehicle there is a need for electricity. This electricity is
transported from the producers to the electric vehicle over the electricity grid in the Netherlands.
However, the maximum capacity of the electricity grid in the Netherlands has been reached in some
provinces (Netbeheer Nederland, 2022) , making it impossible to locate a new public charging point near
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every existing parking spot. Even if parking spots are spatially well distributed , locating a charging point
near every spot is not possible due to the limited capacity on the electricity grid.

An advantage of charging squares is that it is possible to reduce the impact on the grid through charging
electric vehicles by controlled charg ing. This means that there will be some sort of regulation on which
vehicle is charged at what time. This is because Nour, Ramadan, Ali, & Farkas (2018) showed that
uncontrolled charging (when a vehicle is plugged -in, the electric vehicle starts to charge) has a large

impact on the grid. Since the majority  of electric vehicles will arrive at the residence around the same
time and are therefore plugged -in around the same time, u ncontrolled charging has a large impact on
the grid (Abul, El, & AFatah Mohamed, 2017)

Not only the time that a n electric vehicle is charged has an impact on the available capacity of the grid,

also the size of the battery has an impact. Shahidinejad, Filizadeh, & Bibeau (2012) showed thatalarger
storage size of the battery has a positive effect on the grid capacity. If the storage size of the battery is
larger, the confidence to make the next trip without the need to plug -in the electric vehicle is higher
(Shahidinejad et al., 2012) . This will therefore free up capacit yonthe grid. However, when this electric
vehicle is being charged, more time is needed due to the larger battery size.

2.5. Stakeholders
This section of th e literature review will take a look at the different stakeholders that are involved in the
location dec ision for public charging squares . The literature is not only reviewed to be able to identify
the different stakeholders that are involved but also to take a look at the different interests of each

stakeholder.

According to the literature , there are six main groups of stakeholders involved in electric vehicle
charging, which are the (1) government (both local as well as national), (2) site managers or service
providers, (3) power grid operators, (4) car manufacturers, (5) charging point man ufacturers and (6)
electric vehicle owner s. There are of course more tha n only these six stakeholders involved, like for
example research and education or consultancy agents, but these are not involved in the process of
deciding on a new public charging location and are therefore not taken into consideration in the
remainder of this  section . Additional to the literature, experts were consulted to see if the stakeholders
found in the literature are in line with practice.

2.5.1. Government
Based on Bakker, Maat, & van Wee (2014), Michiels, Beckx, Schrooten, Vernaillen, & Denys (2012),
Santos & Davies (2020), Wirges (2016) and Wolbertus, Jansen, & Kroesen (2020) the government is
considered one of the main stakeholders related to the location decision for publicly available chargers
for electric vehicle s. Accordingto Wolbertus et al. (2020) , the Dutch government has been supporting
and regulating the implementation o f electric vehicle charging facilities in the Netherlands.

The reason why the Dutch government has been supporting the implementation of electric vehicle

charging facilities is because the national government aims to position the Netherlands as a country
where charging infrastructure can be tested ( in Dutch so called proeftuinen ) (Ministry of Economic Affairs
Argiculture and Innova  tion, 2011) . In this way, the Dutch government hopes to reduce greenhouse gas
emissions. The national government is furthermore interested in electric vehicle charging due to several
positive externalities associated with the use of electric vehicles (Wirges, 2016) . Potential positive effects
are a lower level of pollutant s, fewer noise disturbances and lower greenhouse gas emissions acc ording
to Bakker et al. (2014 ), Ministry of Economic Affairs , Argiculture and Innovation (2011 ) and Wirges
(2016) . A negative effect of the increased usage of electric vehicles is the increasing demand for
electricity which has to be transported over the already congested power grid.

Local governments are interested in electric vehicles since electric vehicles do not emit any pollutants
into their environment and therefore the air quali ty in the cities can be improved by higher adoption
rates. Another reason for local governments to be interested according to Wirges (2016) s that if the
electric vehicles are charged locally, the infrastructure should be provided locally which will create jobs.
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The local government is considered a major stakeholder in the location decision for charging squares

because the government is responsible for the allocation of publ ic parking spaces (Overheid.nl, 2022a;
Wirges, 2016) . Inland -use plans, possible locations for charging squares can be indicated by the local

as well as national government and all developments have to adhere to these pl ans. If a development
does not comply with the land -use plan or other regulations in place, the government has the power to

stop the development. Since the local government is responsible for administrating the permits to install

the public charging infras  tructure, the local government has a high power (Wirges, 2016) . If the
development is in line with the regulations, the government has no possibility to object to the
development. This section will not elabor  ate on the current  policy regarding the location -allocation of
public chargers, the current policy is elaborated in section 2.6.

2.5.2. Site managers or service providers

Various parties identified the site manager or service provider as another key stakeholder concerning
electric vehicle charging (ChargemapBlog, 2021; EVreporter, 2020; Griden Technologies Pvt., 2022;

Wirges, 2016; Wolbertus et al., 2020) . Site managers or service providers are the local governments

and charging network operators who provide public charging. The site manager or service provider is
responsible for the premises where the public charging facilities are provided and supervise s the
charging location (ChargemapBlog, 2021; EVreporter, 2020; Griden Technologies Pvt., 2022) . They
provide this service on public or semi -public locations and users get access to the facilities by scanning

their RFID -tag or charging card (Wolbertus et al., 2020)

The interest of site managers or service providers on the location of a charging square is very high. Site
managers or service providers want to have the best location possible in order to have as many

customers as possible.  Another reason for the site man ager to be interested in the location decision is
because if the location is not satisfactory for the site manager, the site will not be exploited.

If the land -use plan of the municipality does not include any location for charging facilities, the site

ma nager is able to request a change of the land -use plan. Therefore, the decision power is lower since
site managers are dependent on the government. However, the site managers still have a medium
power in the ultimate location decision since they are going to exploit the location. If the site manager
is not satisfied with the location decision, the site manager can decide to not exploit the charging location

and appeal to the new land  -use plan.

2.5.3. Power g rid operators
Since electric vehicles need electricity to be able to charge their battery, the power grid operators are
considered a major stakeholder  (Bakker et al., 2014; EVreporter, 2020; Griden Technologies Pvt., 2022;
Michiels et al., 2012; Wirges, 2016; Wolbertus et al., 2020) . Power grid operators are the companies
which maintain the electricity grid and invest in this grid. In this way, it is possible to transport electricity
from producer to consumer in an efficient way. According to EVreporter (2020) the power grid operators
earn more revenue as new customers are added to their network. This is because the power grid
operators in the Netherlands earn their money through so -called connec tion and network management
fees (Solar Magazine, 2021) . Therefore, more connections to the grid will result in higher revenues for
the power grid operator. However, and advisory report written by CE Delft (2022) onbehalfof Netbeheer
Nederland states that charging points should be clustered and connected to the grid with one connection
instead of several individual connections.

However, it has to be taken into account that the power grid operators are responsibl e for controlling
the network and capacity on the grid (Bakkeretal.,,2014) . Ifthereis alarge increase in electric vehicles,

the stability of the grid could be threatened if there are no reinforcements to the grid (Bakker et al.,
2014) . Therefore, power grid operators have the power to object to proposed locations if the capacity

on the grid is too limited. Power grid operators are a major stakeholder because they have the power
towithhold aconnection to the grid. If the maximum capacity of the grid is reached, power grid operators

will not connect new customers to the grid in order to prevent overloading the grid . Additionally, power
grid operators are interested in the location of chargi ng points to be able to upgrade the grid at the right
location.
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2.5.4. Car manufacturers
Based onthe literature  , Bakkeretal. (2014 ), Hansetal. (2012), Santos & Davies (2020 ), Wirges (2016 )

and Wolbertus etal. (2020) identified the car manufacturer as one of the key stakeholders aswell . The
reasoning behind this is that a Il of the major car manufacturers  realize the need to produce zero -
emission vehicles , and the electric vehicle is a way to do so (Bakker et al., 2014) . Even though the car

manufacturer is considered a major stakeholder in electric vehicle charging, their power concerning the
location choice of a charging square is limited because this stakeholder is mainly concerned with
producing electric vehicles and not with providing  pub lic charging squares. Therefore, their power in the
location decision is low.

Car manufacturers do however have a medium interest in the location of charging squares. If car

manufacturers want to sell their electrified vehicles in large numbers, they are dependent on the number
of publicly available charging points (Wirges, 2016) . The adoption rate of electric vehicles depends on
the availability of charging facilities because if there is no place to recharge an electric vehicle, the

adoption rates will be low

To charge an electric vehicle , a plug is needed. According to European regulations, the Type 2 plug is
set as the standard to support interoperability as of 2014 (European Parliament & Council of the
European Union, 2014) . Since fast charging has a higher power compared to slow charging, the Type 2

Combo plug is allowed for fast charging. The difference between the Type 2 and the Combo Type 2 plug

is that the Combo Type 2 plug uses the same socket as the Type 2 plug but has two additional power
contact s that support DC fast charging. Due to the standardization of the Type 2 (combo) plug in the
European Union, all electric vehicles produced by car manufacturers can charge near any charging point.

2.5.5. Charging point manufacturers
In order to be able to charge an electric vehicle, it is needed to have access to a charging point which
is produced by the charging point manufacturers . The charging point  manufacturer is therefore
considered one of the key stakeholders (Griden Technologies Pvt., 2022; Wirges, 2016; Wolbertus et
al., 2020) . Accordingto Wirges (2016) the interest of the charging point manufacturers s to sell their
products and associated services. When selling their product, it can be expected of these manufacturers
that they prefer to sell the variant with the most features since this will probably result in the highest
profit. The number of ports  (one or multiple) on a charging point does not matter for the charging point
manufacturer since they are mainly concerned with selling their chargers. However, when deciding on
a suitable location for charging squares , the manufacturer does not have much p ower because if
manufacturer A does not want to deliver the charging points for the intended location  , manufacturer B
might.

2.5.6. Electric vehicle owner
Another major stakeholder related to electric vehicle charging is the owner of an electric vehicle
(EVreporter, 2020; Lopez  -Beharetal.,20 19; Santos & Davies, 2020; Wirges, 2016) . The electric vehicle
owner currently mainly relies on private household charging or access to a public charging point i f there
is no possibility for the owner to charge their vehicle on private property (EVreporter,2020) . The main
reason why electric vehicle owners have a high interest  in electric vehicle charging locations is b ecause
they want charging solutions that function, are low in costs, are always ava ilable and are close by
(Wirges, 2016) . However, when it concerns the location decision of a charging square , a single owner
of an electric vehicle does not have much power simply because a location will not be changed for only
one person . Accordingto Netherlands In stitute for Transportation Policy Analysis (2018) drivers park as
close as possible to the final destination and therefore, it is likely that the electric vehicle owner will
choose the closest possible charging location . All owners combined do have powe r in the location
decision because eventuall y they have to use the location . If the electric vehicle owners collectively do
not use the public charging location, the location is not feasible (Wirges, 2016)
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2.5.7. Additional stakeholder s not identified by the literature
Inthissub -section additional stakeholders that are important when deciding on the location of a charging
square will be elaborated on. The stakeholders mentioned in this sub - section were not mentioned in the
literature but were identified as important stakeholders in the allocation of charging squares according
to the experts of Dura Vermeer Vastgoed (Heintz, 2022 9; Kal, 2022 19; Van Lieshout, 2022 11).

2.5.7.1. Project developer
The first stakeholder that was mentioned by the experts of Dura Vermeer Vastgoed is the project
developer. The experts argued that within an integrated area development , the project developer is
responsible for the comp lete development including all publicly available charging facilities in the
development . In these integrated area developments, general requirements will be set out by the
government to which the project developer has to adhere to. These requirements can be as general as
a number of square meters per function or very detailed  according to the experts . The project developer
himself /herself can decide on the final design and layout of the development as long as the requirements
set by the government and lor client are met. In essence , the project developer is responsible and has
to make all decisions  for the complete development of a large area.

If the project developer needs to provide public charging facilities within the area development, the
developer can decide on the location. In an integrated area development, the project developer has the
power to make all decisions and, in the end, the municipality only checks if the set requirements are

met. Therefore, the project developer has almost the same powe r compared to the municipality. Project

developers are interested in finding suitable locations for charging facilities, because they want to fulfil

as many preferences  forthe end -user as possible (Heuninckx, Boveld t, Macharis, & Coosemans, 2022)
The project developer has the power to make a decision on the final location of the charging facilities

within the development area since the developeris  ultimately responsible for the complete development.
Therefore, o nly if the project developer is satisfied with the location for the charging facilities, then these

will be realized, otherwise another location will be looked for according to the experts.

2.5.7.2. Building owner

The second stakeholder that was identified by the experts next to the beforementioned stakeholders, is
the building owner. A building owner can be an owner -occupier ,investor or an owner 0sthatssoci ati
ownsthe building . Thereason why the building owner is an important stakeholder in the location decision
of a charging square is because if public chargers would be provided in/on the building, the owner always

has to agree with the decision. If the building owner does not agree with the allocation of charging

facilities inside or on the bui Iding, no new charging facilities will be realized . There might be some
regulations set out by the government to provide a minimum number of chargers to which the building

owner has to adhere to, but the owner still has the power to decide on the location of the chargers in/on
the building.

The building owner has a low interest in the location decision of public charging points because the
building owner is only concerned with its own building. The building ownerhasa n interest inthe location
decision since providing public charging points in the building can result in an increased fire hazard,
possibly resulting in a higher insurance fee. Additionally, the installation of the chargers in the building

must be paid by the building owner. Furthermore, buil  ding owners are interested in the location decision

since locating a charger in/on a building results in a higher value ofthe property  (Jaap, 2022) . However,
ultimately, if the owner does not want to have charging points in the bui Iding, the building owner cannot

be forced to provide the chargers in the building

9 Personal communication, September 21 st 2022
10 personal communication, September 21 st 2022
11 personal communication, September 21 st, 2022
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2.5.7.3. Fire department
The experts of Dura Vermeer Vastgoed also mentioned the fire department as a major stakeholder,
especially if the charging facilities  are locatedina building or close to gas stations . When applying for a
permit, the government will likely consult the fir e department about the fire safety of the building and
if the fire department is not satisfied with the fire prevention measures taken or there is no decent plan
to prevent a potential fire, the government will not sign off on the permit (brandveiliggebouw.nu, 2022)

All the experts collectively agreed that deciding to ignore the advice of t he fire department  on the fire
protection plan is never an option.  The experts indicated that due to this power , the fire department is
a major stakeholder in the location decision.

The interest of the fire department is currently also considered to be high . Currently , there are no
regulations regarding fire safety of charging electric vehicles in the building decree of 2012. Since these
developments are new, the fire department shows interest in all developments |, butit can be exp ected
that the interest of this stakeholder will decrease as new regulations will be set in the future

2.5.7.4. Shared mobility provider

Afinal stakeholder that was mentioned by the experts was the shared mobility provider. Shared mobility
providers are companies  that provide access to transportation services on an as -needed basis (shared -
use mobility center, 2022) . According to the experts, the shared mobility providers have a medium

interest and some wishesregardingthe locationof a charging square which might supporttheir business
This is because if the charging location for their shared mobility vehicles are located at a location which
is hard to reach, the use of their vehicles will be lower.

By contacting several shared mobility providers, it became clear that the providers expect to only have
electric vehicles in their vehicle pool within five years  (Rombout, 2022 12; SHARE NOW, 2022 13). It has
to be noted that possibly not all shared mobility providers will rely on public charging squares for their

electric vehicles since in some cases shared mobility providers have a permanent parking location which

can be used to charge an electric vehicle aswell . Thisresultsina low power with a medium interest for
the shared mobility providers on the location decision of charging squares according to the experts of

Dura Vermeer Vastgoed.

2.5.8. Stakeholder matrix

Inthe previous section s, the stakeholders have been mentioned that are considered i mportant inrelation
to the location decision of public charging squares for electric vehicles  according to the literature and
the consulted experts. For all stakeholders it is described who they are, what their interest is in the

location decision and the ir power in the decision process. As became clear from the information
gathered , every stakeholder has a different level of power and interest regarding the allocating process
of a charging square. Below, in figure 3, an overview is given of each stakeholder and their level of
power/interest when deciding on the location of a charging square

12 E-mail, September 22 "4, 2022
13 E-mail, September 21 st, 2022
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Figure 3. Stakeholder matrix

Of all the stakeholders that have been identified, the project developer is the most important stakeholder
in the location decision for a public charging square. However, not every project involves a project
developer. If the project developer is involved and  not satisfied with the location in the development
area, the charging square will not be developed. The site manager is also very interested in the location
decision of a charging square, since the location will influence their business case and profitability of the

site. Their power in the location decision is medium since if site man ager A does not want to exploit the
site, site manager B might. However, the site managers still have to be managed closely since ultimately

a site manager will exploit the location.

Electric vehicle owners also have to be managed closely since they are interested in the location decision

so it meets their demands and also have a power in this decision. If the public charging location is not

matching the demand of the electric vehicle owners, the location is not going to be used. Therefore, if
the user is not willing to use the charging square it might be useless or inefficient since the user might
have different alternatives to charge her/his vehicle. The fire department is the final stakeholder that

needs to be manag ed closely because they have the power to withhold a permit and are currently very

interested in the development of these new charging facilities since no regulations exist yet. In the

future, their interest might be lower compared to their current interes t if adequate regulation s are in
place.

As is visible from figure 3, the stakeholders that have to be kept satisfied are mainly the governmental
stakeholders. The governmental stakeholders have the highest power of all stakeholders involved since
they hav e to ensure that the location is in line with the current regulations and land -use plans . If thisis
not the case , the government  has the power to withhold the permit. The governmental parties are
considered to have a low interest in the decision regarding the actual location ofacharging square  since
their main task is to make sure that the developments are in line with the regulations and if this is the

case, the location of the development is not considered to be their concern. It could however also be

argued that the governmental parties need to be kept informed during the location decision process

since they only check the development when a permit is filed, however, this thesis considers the
governmental parties from their decision power perspective a nd therefore the governmental parties
need to be kept satisfied.

The power grid operator s must be kept satisfied since they are responsible for the continuity of the
whole power grid and if this stakeholder is not satisfied with the location choice , it mi ght be the case
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that it will not be possible to acquire a new connection to the power grid. Finally, t he building owner
needs to be kept satisfied since if the charging points are going to be located in /on a building, the owner
of the building has to appro ve this decision.

The three remaining stakeholders only have to be monitored and do not have much power nor interest

in the location decision. These stakeholders are the charging point manufacturer, car manufacturer, and
shared mobility provide  r. The reason why the charging point ma nufacturer only has to be monitored is
because of the fact that if manufacturer A does not want to deliver the charging points, manufacturer B

might. Finally, t he car manufacturer also only has to be monitored since their developments and

adoption rates of  electric vehicles depend on the availability of charging facilities and not the other way

around.

2.6. Current p olicy & location allocation
Currently, the  decision for locating a new public charging point in the Netherlands is the responsibility
of the local municipality (Overheid.nl, 2021) . However, when deciding on the location for a new public
charging point  the government also takes into consideration market forces and does not only base their

decision for a new location on current policy . Below, the guidelines for the application for a single new
public charging point set out by the government are presented. Currently, there are no general

guidelines for the realization of a charging square. The goal is to ensure that the charging infrastructure
is available for everyone and accessible for every electric vehicle driver (Overheid.nl, 2021)
0 The applicant should be an inhabitant or work in the municipality
o There is no possibility to charge on private property
0 The applicant drives more than 10,000 kilometers on a yearly basis .
0 There should not be an existing charging point with the possibility to reserve an additional

parking space for charging and/or the energy consumption should not be less than 250
kWh/charging point/month on average and/or the number of transactions should not be lower

than 25 transactions/charging point/month on average within 200 meters
o0 There should not be a charging square within 500 meters of the applicants ' address .
Figure 4 shows a graphical representation of the decision to locate a new public charging point.
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Locate new charging point

Figure 4. Decisiont ree new charging point . Adopted from  Overheid.nl (2021)

In addition to the regulations setout by the government inorder to decide onanew location for a public
charging point, private companies are also allowed to  provide charging infrastructure which is publicly
available (Agentschap NL, 2013; Nationale Agenda Laadinfrastructuur, 2022) . Private companies  want
to make a profit as a result of the growing dem and for charging points by the growing number of electric
vehicles. Private companies are able to provide public charging since in the Netherlands it is possible to

use a public charging point with any type of charging card. In this way, the user can decid e on the
charging card provider  that best suits the user since every provider has different price levels and terms

& conditions. Altogether , the goal of the current policies and regulations is to ensure that all electric

vehicle drivers in general have acc ess to a wide range of charging points in the Netherlands.

2.7. Conclusion
According to the literature review, previous studies indicated several important aspects related to
choosing a parking location. As can be concluded from the literature review, cost s, availability , search
time and walking distance are deemed importan t aspects when considering a parking location . Next to
the user aspects, also the built environment aspects were studied. Studies identified accessibility and
safety of the vehicle as impo rtant built environment aspects related to parking. During the literature
review, these aspects were identified important in the context of deciding on a parking location ,
however, the studies considered these aspects not in relation to a charging square . It is however
relevant to investigate these aspects in relation to charging electric vehicles, since more and more
electric vehicles will be owned in the future which need to be able to charge as well. In this way, when

the important aspects related to dec iding on a charging  square are known, these aspects can be taken
into account in the future when policy makers have to make decisions on the location for a charging
square in the future. In addition, expert interviews were conducted which confirmed the fin dings

mentioned in the literature review related to choosing a charging location. Therefore, several of these
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factors are included in this study to investigate their relevance in relation to a charging square . For the

remainder of this study, the attribute s that are suggested to be considered are: costs, walking distance,
availability and safety.

Next to the research about important user - and built -environment aspects, the literature review also
investigated the stakeholders that are involved in choosing a location for a charging square. In the
literature review, important stakeholders were identified as t he project developer and governmental

parties while less important stakeholders were the charging point manufacturer, car manufacturer and
shared mobility provider.
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3. Method ology
Based on the literature review, it was possible to answer the first sub-question and provide insights in
the remaining sub -questions. In order t o be able to determine user preferences when deciding on a
public charging square , a stated choice experiment will be performed in this thesis.
This chapter will  extensively describe the methodology that is used in this thesis and consists of the
followin g paragraphs . First, the stated choice method will be introduced (section 3.1) . After the method
has been introduced, the context in which this study is performed will be elaborated (section 3.2) . Next,
this chapter will present how the data is being colle cted (section 3.3 and 3.4) and finally the analysis
metho ds that are used will be described (section 3.5)

3.1. Stated Choice Experiment

To determine the user preferences when deciding which public charging

area, preferences rega
To measure preference s, two different approaches can be taken as is shown in f

approach is to perform a revealed

stated preference/ choice experiment

A revealed choice experiment uses

weights of the attr

prefere nce/ choice experiment

square to use in a residential

rding the different attributes of a public charging square need to be measured.
igure 5. The first

, the second approach is to perform a

(Hensher, Rose, & Greene, 2015)

past /revealed behavior of the respondent s to derive the utility and
ibutes and therefore relies on the actual choices made (Abdullah, Markandya, &
Nunes, 2011; Boyle, 2003; Kemperman, 2000)

In a stated choice experiment, the respondents are presented with controlled hypothetical situations

from which a choice decision has to be made
res pondents make trade

preferred (Rose & Bliemer, 2009;

As is visible in figure

(Hensher et al., 2015) . In these hypothetical situations,
-offs between the different attributes and levels and decide which option is

van den Broek -Altenburg & Atherly, 2020)

measuring choice and an approach for measuring preferences.
subdiv ided into, a decompositional and compositional approach. The aim of the decompositional
is to predict the indiuvi
environment while in a compositional approach respondents first

approach

and then indicate the importance of each attribute

5, the stated based experiment has two different approaches, an approach for

Measuring preferences  can be further

dual s6 preferences
evaluate the levels of each attribute

(Kemperman, 200 0).

Approaches to measure preference and choice
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Preference/Choice Preference Choice
.o-P""FH-FFFJ-
Compositional Decompositional Decompositional
(Conjoint preference) (Conyoint choice)

Figure 5. Approaches to measure preference and choice

(Kemperman, 2000)
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Accordingto Hensher et al. (2015) and Louviere, Hensher, & Swait (2000) , stated choice modelling can

be used to analyze the preference for new, non -existing situations. Deciding which public charging
square to use is considered a new, non - existing situation since there are limited public charging squares
available. Since there are only a few charging squares in the Netherlands, deciding on which charging

square to use is a hypothetical question as it is likely that respondents did not have to make such a
decision in real life yet. Additionally, there are relatively few electric vehicles on the road (compared to

the total vehicle pool ) and currently the | argest part of electri

instead of using a public charging location (Lee, Chakraborty, Hardman, & Tal, 2020) . Furthermore,
since stated choice modeling allows to use hypothetical choice options, the researcher can completely
determine the included attributes and levels in detail . Consequently, a stated choice experiment will be
conducted in this thesis.

In order to be able to set -up a stated choice experiment, Hensheretal. (2015) summarized the process
into the steps shown in figure 6. The first step in setting up a stated choice experiment is to refine the
overall problem definition . Once the problem has been refined , the different  alternatives, attributes and
their corresponding levels can be identified in step two. Subsequently , in step three, a decision about
the experimental design of the stated choice experiment must be made.

The most common decision that has to be made is whether to use a full factorial design or a fractional
factorial design. In a full factorial design, all possible combinations of attribute s and levels are used,
while a fractional factorial design only uses a selection of all possible combinat ions (Hensher et al.,
2015; Rose & Bliemer, 2009) . The decision about which type of design is used in this study can only be

made after the attributes and corresponding levels have been determined since these determine the
total n umber of possible combinations.

After a decision about the design is made, the experimental design can be generated. Next, the
attributes and levels can be allocated to the design columns  resulting in different alternatives. Once the
different alternatives have been created, the different choice sets will be generated. When alternatives
have been allocated to choice sets, the choice sets can be presented to respondents. Usually, by
distributing a  questionnaire.

Stage 1 Problem refinement e ——
Stage 2 Stimuli refinement
» Alternative identification

= Atfribute identification
« Attribute level idenfification

v

Stage 3 Experimental design consideration
+ Type of design

+ Model specification (addifive vs interactions) +
+ Reducing experiment size

v

Stage 4 ‘ Generate experimental design
Stage 5 Allocate attributes to design columns

« Main effects vs interactions

v

Stage 6 ‘ Generate choice sets |

Stage 7 ‘ Randomizrfchoice sets ‘

Stage 8 ‘ Construct su:ey instrument ‘

Figure 6. Steps in a stated choice experiment (Hensher et al., 2015)
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3.1.1. Attributes and corresponding levels
This sub -section will describe the different attributes and levels that are used in this study.  Since part
of the problem is  more or less similar  to finding a suitable parking spot, and the existing literature
already studied this aspect, the included park ing attributes are based on the literature. The parking
attributes included in thisstudy  are supplemented with attributes that are important for charging electric
vehicles since this study wants to identify user preferences when deciding on a public charg ing location
given the presence of various charging squares for electric vehicles. Next to the attributes regarding
parking and charging,  the choice sets also include one attribute related to the urban environment. Since
every choice set is presented in a context situation, two context related attributes are included
(elaborated in  more detail in  section 3.2 ).

If large numbers of  attributes are included in a stated choice experiment, a possible consequence is
biased model estimations (Hensher, 2006) . To preventthis, only nine different attributes (including the
context attributes) are included in this study . Mangham, Ha nson, & McPake (2009) indicated that the
number of attributes should be limited to ten in order to guarantee that all attributes are taken into

account by the respondent.

The choice sets that are presented to each respondent include two different charging alternatives and a

fi nree-c h o i cDaring the experiment ,t he fA+wchmd ced can be chosen bngither he
one of the two presented charging alternatives would be chosen in the context in which the choice task

has to be made. Table 2 presents an overview of all attributes (including the two context related
attributes) and the corresponding levels used to create the different alternatives . Next, an explanation

respo

of the attributes  and how the different attributes are constructed is given .
Table 2. Overview of the attributes and their corresponding levels
Related to Attribute s Levels
The range that needs 50/1 00/ 150 kilometer s
to be charged
Context . . There is one hour available to charge
Available time to .
charge There are four hours available to charge
9 There are eight hours available to charge
Walking distance 50/150/250 meters
- The vehicle is left unattended at the charging location
Supervision on . N . .
) charging location The vehicle is visible from the (surrounding) dwelling(s)
Parking The area is monitored through CCTV

30 minutes after the battery is completely charged

Move vehicle within 2 hours after the battery is completely charged
The car does not need to be moved
Only slow chargers

Type of charger Only fast chargers
Both slow chargers as well as fast chargers

Charging Charge certainty 75%/85%/95%

U0.25/00.40/00.55 per kWh (fo

Costs - - -
uo.60/00.75/00.90 per kWh (fo

Alternative functions Nothing changes

Urban i More greener
environment for parking €9 Y .

Facilities for sport and exercise

The range that needs to be charged

order to be able to drive to the

square . In order to
drive a middle
centraal, 2022b) ) that

at the charging
respondents

: This attribute indicates
next destination
present the respondents with a realistic range,
-class electric vehicle
has a remaining battery percentage of 15/35/50%.

. The range is given at the moment the

(with an average range of 310 kilometers

the range that needs to be charged in
vehicle arrives
it is assumed that

(Milieu

There is chosen to only
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present the range that needs to be charged to the respondent so that it does not matter what the total
range ofthe r e s p o n dwemdedss (small/medium/large).

Available time to ch arge : This variable indicates the amount of time that is available to charge the
battery before departing tothe nextdestination whereit isnotallowedto arrivelate . One hour available
to charge the battery is based on being home for a short amount of time between two appointments
while the level of four hours available to charge is based on coming home from work during the day and

having an appointment in the evening. The final level, having eight hoursto charge , is based on coming
home in the evening and not having to leave until the next day.

Walking distance: This attribute indicates the walking distance between the charging square and the
dwelling. The average acceptable walking distance between a dwelling an d a parking location is 150
meters (Netherlands Institute for Transportation Policy Analysis, 2018) . To determine the other two
levels of this attribute 100 meter s has been subt racted/added to the average acceptable distance. There
has been chosen for 100 meters subtraction/addition since smaller differences  will be hard to
differentiate for respondents. The levels can be referred to as the vehicle is parked in the street (50
met ers), in the neighborhood (150 meters) or in the district (250 meters).

Supervision o n charging location : The literature indicated that safety is an important aspect for

parking and charging an electric vehicle. Therefore, this attribute has been included. Since this thesis is
investigating public charging squares , itis not possible to use a fence or other kind of barrier to increase
the safety levels  (Schneider, 2022) . Itis allowed to use CCTV under the Dutch law in order to guaranty

safety of the user and vehicle in public spaces (Autoriteit Persoonsgegevens, 2022) . Therefore, one level
is that CCTV provides the security for the charging square . Since the public chargers will be located in

an urban residen tial environment, the second level indicates that the charging square is visible from the
(surrounding) dwelling(s). This level , therefore, indicates social control in the environment. Since it is
not always possible to provide supervision, the final level provides no supervision.

Move vehicle within: In order to prevent electric vehicles from parking at a charging point when the
vehicle is not being charged, policy measures can be implemented. In this thesis, two measures will be

tested as well as not having to relocate the electric vehicle after completely charging the battery. Not
having to relocate th e vehicle is included since charging squares can implement smart charging
techniques . Inthisway , if an electric vehicle is still connected to the charging point while the battery is

completely charged, the charging capacity for that vehicle is reduced an dincreased forthe other electric
vehicles. The first measure is that the electric vehicle needs to be relocated within 30 minutes of
compl etely charging the electric vehicle. After 30 minutes,

measure is that the  electric vehicle needs to be relocated  within two hours of completely charging the
battery of the  electric vehicle , also with arisk of  the same fine after two hours.

Electric vehicles indicate  how much time is needed to charge their battery. In this way, drivers roughly
know when their vehicle needs to be relocated. Since it is possible to receive a message on a mobile

phone when the electric vehicle is completely charged and needs to be moved, these timeframes are
considered realistic.

Type of charger: In general, there are two ways to charge an electric vehicle, slow charging, and fast
charging. A middle -class electric vehicle needs on average 15 kWh to be able to drive 100 kilometers
(ANWB, 2022d) . This means that charging 100 kilometers in range using a slow charger takes around

1.5 hours (assuming an 11 kW charger) and around 5 minutes for a fast charger (as suminga 200 kW
charger).

Charge certainty : High demand for electricity  can result in overloading the electricity grid , resulting in
more time needed to charge an electric vehicle. This attribute , therefore, indicates how certain it is to
charge 100 kilom eters in 1.5 hours for slow charging and in 5 minutes for fast charging. Since charging
squares are able to implement new charging techniques, it is possible to have a higher charge certainty

compared to individual charging points when the electricity grid is overloaded. Implementing charging

techniques on a charging square will be more cost effective compared to implementing the same
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techniques for each individual charging point. The three presented levels are based on different charging
techniques that already existand can increase the reliability of the expected charging time.

The first level is based on the current way of charging with a high uncertainty at peak moments (75%
certainty) , the second level is based on smart charging . Smart charging reduces the amount of energy
used to charge to prevent overloading the system. In this way, the electric vehicle is still being charged,

only at a slower rate and therefore has a small  er uncertainty (85% certainty) . The final level is based
on a m icro grid which has a high reliability of meeting the expected charging times (95% certainty)
because a micro grid is able to produce and store electricity on -site and use it when it is needed the
most (Schneider Electric, 2023)

Costs: Inthisthesis , the costs of parking are not considered and only the costs of charging are included.
Parking costs are not considered since residents of urban environments are able to acquire a parking

permit if there would be paid parking and are therefore not influenced by the different parking tariffs.

The costs of charging are given in U0 per kWh and are
This differentiation is made since fast charging requires higher initial investment costs compared to slow
charging (ANWB, 2022a) . The presented tariffs are based on the current prices (reference date
November 2022) that have to be paid when using existing public charging points in the Netherlands.
Alternative functions for parking : Since electric vehicles will be charged on a charging square , fewer

vehicles willbe park ed inthe street.  This results in a lower demand for parking spaces in the street, and
therefore alternative functions can be located on the locations which otherwise would have been parking

spaces. In this thesis, two new purposes will be tested as well as the possibility that nothing changes.
The two new purposes will be that parking spaces are replaced by greenery or that parking spaces are
replaced by facilities for sports and exercise. Both these measures can be implemented on an individual

parking space as well as the combined space of the parking spaces that are repurposed . If individual
chargers would be located near parking spaces, the demand for parking in the street would not reduce

and it is not possible to provide alternative functions in the street.

3.1.2. Experimenta | design
As has been mentioned, a decision has to be made about whether to use a full factorial design or a
fractional factorial design. In order to be able to determine which design is going to be used, the number
of unique combinations needs to be determined . In afull factorial design, all 19,683 combinations (nine
attributes with  three levels) would be included.  However, due to practical reasons it is not possible to
include all 19,683 combinations and ask every respondent to indicate their preference for every
combination . Hence, a fractional factorial design will be used in this thesis.

In order to be able to set -up the fractional factorial design, it is needed to select a series of unique

choice options to be included in the design. Accord ing to Hensher et al.  (2015) , an orthogonal design
needs to be used. Orthogonality means that all attributes are statistically independent of each other

(Allen, 2017; Frost, 2022; Hensher et al., 2015) . To create an orthogonal design, every attribute level

must appear an equal amount of times in the fractional factorial design (Hensher et al., 2015) . The
statistical software  Ngene (Choice -metrics, 2021) has been used in this thesis to  create the fractional
factorial design. In Appendix A the fractional factorial design is shown including the Ngene syntax used

to generate the design

After the fraction al factorial design was created, the output was tested for orthogonality. The results

showed thatthe created design is orthogonal and thus can be used to create the different alternatives.

In the fractional factorial design shown in Appendix A, each line shows one complete choice set including
two context variables (column 1 & 2) and all attributes for alternative A (column 3 -9) and B (column
10-16) excluding the type of charger. The context variables apply to both alternatives, while alternative

A and B are unique. There is chosen to create the alternatives including the context variables at once in

Ngene since otherwise alternative A will have a dif ferent context compared to alternative B making it
impossible and illogical to combine both alternatives in one choice task .
Next to the included variables in the experimental design , type of charger (slow, fast, or both) is also

included inthe stated ch oice experiment . The type of charger has not been included in the experimental
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design since the type of charger (slow, fast, or both) determines which price range has to be presented
in each alternative. If the alternative only has a fast charger, the cost s for slow charging are not shown
in the experiment and therefore coded as zero. If the experimental design would be created including

the type of charger, alternatives with only fast chargers will also have cost levels for slow charging. By

coding the cos t levels of slow charging zero, a non -orthogonal design would be created. Therefore, the

type of charger has been used in a different way in the experimental design

The created experimental design was used for the unique combinations of all charger types (slow -slow,
slow -fast, slow -both, fast -fast, fast -both, both -both) included in the study. By using the created
experimental design six times, the column for the costs of slow charging is not used if the alternative

only provides fast charging and vice ver sa. In this way, the design remains orthogonal. Since the
fractional factorial design consists of 81 choice sets (Appendix A), and the experimental design has been

used six times, the final experimental design consists of 81 * 6 = 486 unique choice sets. The 486
different choice sets are built up by using the same fractional factorial design for each of the six different
combinations of chargers (slow -slow, slow -fast, slow -both, fast -fast, fast -both, both -both).

All different choice sets were tested to see if the alternatives were no tidentical. This is important since
itis considered as irrelevant ~ to make a choice between two identical alternatives. Unfortunately, there

were some identical alternatives and therefore the levels were shuffled  for some attributes  while still
maintainin g orthogonality in order to create alternatives which are not identical.

3.2. Context of the study
As has been mentioned in section 3.1.1, context related attributes are included in this study. This means
that every respondent will be presented with a hypotheti cal situation in which the choice task has to be
made . Before the respondent is presented with the different choice tasks , an introduction  about the
procedure and topic is given . The introduction  makes sure that respondents know in which context the
choice task has to be made . In the introduction, the respondent is made aware of the fact that the
presented alternatives consist of multiple charging points and therefore are in fact charging square  s.
Next, an explanation is given to the respondent about the context with an overview of all attributes and
levels. The context in which the respondents must answer each choicetask i s as f drhabirewhat:
you have to leave by car within 1, 4 or 8 hours , but you still need to charge the electric vehicle for 50,
100 or 150 kilometers . Which of the presented charging locations do you choose ?0

There is chosen to only vary the available amount of time to charge the electric vehicle and the range
that needs to  be charged. Changing more variables in the context would increase the burden on the
respondent and might decrease the ability to imagine the presented situation. In order to make sure

respondents are able to imagine themselves in the context, the levels u sed are made as reasonable as
possible.

Each respondent is presented with twelve choice task s which all have to be evaluated individually. In

this study, every choice task presented to the respondent will have a different context, but the two

presented alternatives in a single choice task always have to be evaluated in the same context. There

is chosen to use one context which is the same for both alternat ives as comparing the two  alternatives

is otherwise impossible .

3.3. Pilot study
Before the questionnaire was finalized, a pilot study was conducted in order to  optimize the
questionnaire  for the respondents. In the pilot study, respondents were asked to comme nt on the
content (is the questionnaire clear and understandable) as well as the layout (is the questionnaire
esthetically appealing and not too complex). During the pilot study, all questions were entered in the
same way as would be the case in the final questionnaire . Only the number of choice tasks presented
to the respondents  during the pilot study was reduced to six. There was chosen to only present six
choice tasks as the intention of the pilot study was to test if everything was clear, and respondents
understood what needed to be done . The purpose was not to collect any data. In the final questionnaire

each respondent is presented with twelve choice tasks, an amount which was collectively considered to
be acceptable by the respondents of the pilot study. According to Bridges et al. (2011) and Mangham
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etal. (2009) , there will be a higher burden on the respondents if the number of choice tasks exceeds
sixteen.

The questionnaire was tested among several persons in different age categories with  different
backgrounds , both males and females. After every response, the author spoke to the respondent to get

feedback on the questionnaire . The received feedback was immediately implemented in the
guestionnaire to test with the next respondent. If respondents woul d give contradictory feedback, it was
decided to use the general opinion of all pilot testers. Overall, some minor adoptions were made to the
questionnaire but in general all pilot testers concluded that the questionnaire was clear and not too

complex. After the pilot study, the questionnaire was submitted to the Ethical Review Board of the

Eindhoven University of Technology which approved the questionnaire on January 5 th 2023,

3.4. Description of d ata collection method
To collect the data, a n online questionna ire was constructed in LimeSurvey (2023) that consisted of
three parts. The first part of the questionnaire  consisted of selection criteria that needed to be met by
the respondent in order to proceed to the second part of this questionnaire . The second part of the
questionnaire  was the stated choice experiment in which respondents must indicate which  of the

presented alternative s is preferred . If neither of the options ispreferred , t he -thoneed coul

chosen. The third a nd final part of the  questionnaire consisted of socio -demographic questions in order
to test for representativeness after data collection . Below a small elaboration is given about each of the
three parts . The questionnaire as presented to the respondents i s shown in Appendix B.

3.4.1. Selection criteria
In order to acquire reliable responses, two exclusion criteria are included in this study. The first exclusion
criterionis whether t he respondent has a driverds license. Ther
of kilometers driven in the last twelve months. The respondent is excluded from the study if they do not
possess a dr i v dicerses If the respondent own sadr i v dcermsesbut has driven zero kilometers in
the last twelve months, the respondent is al so excluded from this study.

These two selection criteria were chosen since now all respondents have made at least one parking
decision in the last twelve months and are therefore considered to be ab le to project themselves into
the context of this study. There is chosen to not exclude respondents that drive a petrol vehicle since

these respondents will have to adopt an electric vehicle in the future and in order to choose a suitable

location, their responses are also needed. Additionally, the number of el ectric vehicle drive rs is limited
and only allowing electric vehicle drivers to participate, could result in biased results. In additionto  the
selection criteria , additional questions  were included where respondents could indicate where they park
their car at the home side , and if the y drive in an electric vehicle. In this way, it is possible to detect
differences between electric vehicle drivers and non -electric vehicle drivers . These questions were not
used to exclude re  spondents from the study.

3.4.2. Stated choice experiment
In the stated choice experiment every respondent was presented with twelve different choice tasks , two
for each combination of chargers (slow -slow, slow -fast, slow -both, fast -fast, fast -both, both -both) . The
stated choice experiment included all attributes mentioned in section 3.1.1 . Below in figure 7, an
example is given of a choice task that has been presented to the respondents. The example shows the
combination of the context in which the decision has t o be made and the two charging location
alternatives  with their corresponding levels for the seven attributes . Since the questionnaire is
distributed among Dutch respondents only, the questionnaire was created in Dutch. In total 486 different
choice tasks have been created and since only twelve are presented to a single respondent, t he choice
tasks are randomly assigned to respondents.

52

second



*5tel, u moet over 4 uur weg met uw auto, maar u moet uw auto nog voor 150-kilometer bijladen. Welke
oplaadlocatie zou u kiezen? Als u geen van beide oplaadlocaties zou willen gebruiken, kies dan voor “Geen
van beide”.

Laadlocatie 1 Laadlocatie 2
Type laadpunt Alleen langzaam laders Zowel langzaam laders als snelladers
Kosten langzaam laden €0,55 per kWh €0,40 per kWh
Kosten snelladen - €0,60 per kWh
Loopafstand 150 meter (in de buurt) 50 meter (in de straat)
Laadzekerheid 95% 75%
Toezicht op laadlocatie Geen toezicht Vanuit de (omliggende) woning(en)
Auto verplaatsen binnen De auto hoeft niet verplaatst te worden 2 uur nadat de accu vol is
Wat komt er extra voor terug? Meer groen Geen veranderingen

Laadlocatie 1

Laadlocatie 2

Geen van beide

@ | Kiik hier voor de toelichting op de variabelen

Figure 7. Example of ac hoice task

3.4.3. Socio-demographic questions
In order to test if the collected data matches any population in the Netherlands, several socio -

demographic related questions were included at the end of the questionna ire. The socio -demographics

are not only collected to test for representativeness, but also to be able to investigate different sub -

groups within the dataset. The levels used in this part of the questionnaire are based on levels commonly

used to collect socio -demographic information. In this way, the sample can be compared to the

iNationaal Laadonderzoeko in order to see ifTheéefiblai somaanat
Laadonderzoeko is a study among Dutch electric vehicle driv
vehicles, charging behavior, and smart charging (Netherlands Enterprise Agency et al., 2022) . The

socio -demographic questions included in the qu estionnaire are related to gender, age, four -digit zip

code, education al level, household composition and income.

There is chosen to include the socio -demographic questions at the end of the questionnaire to reduce

the number of questions that need ed to b e answered before reaching the choice tasks. If too many
questions had to be answered before reaching the choice tasks, respondents might be incl ined to stop
participating or give false answers. Additionally, including the socio -demographic questions at th e end
of the questionnaire reduces the risk of respondents moving out during the experiment since no personal
information has been provided yet (Van der Waerden, 2022) 14, Additionally, since socio  -demographic
guestions are easy to answer, they were include d at the end as well.

14 Personal communication, 2022
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3.4.4. How is the data collected ?

To obtain respondents for this study, the online questionnaire is  distributed among as many potential
respondents as possible in several ways. In order to evaluate every choice set at least one time,  forty -
one different respondents are needed (486/12 =40.5) .However, for more reliable results, every choice
set needs to be evaluated more than once and therefore more respondents are needed. To acquire as

many respondents as possible , the link to the questionnaire is published on social media, among friends
and family through direct messaging, e -mailed directly to potential respondents and data collection
partners and distributed through door -to-door advertising. By using several ways t o distribute the
guestionnaire ,the aim istoacquirea representable sample . After approval by the Ethical Review Board

of the Eindhoven University of Technology onJanuary 5 ™, 2023 , the data collection started on January

9t 2023 . Data was being collected until  February 1st, 2023,

There was chosen to create an online questionnaire since distributing  the questionnaire over the internet

is eas ier compared to physical distribution. Using the internet  enables the researcher to reach many
potential re spondents with only one post. Additionally , using an online questionnaire is less time and
cost consuming compared to distributing a physical questionnaire (Lefever, Dal, & Matthiasdéttir, 2007;
Schmidt, 1997) . Another benefit of using an online questionnaire is that the respondent is able to answer

the questionnaire when it suits the respondent, there is no time pressure (Debois, 2017; Evans &
Mathur, 2018; MWM2, 2023) . A third benefit that will be mentioned here is that it is possible to make

certain partsof  the online questionnaire mandatory, so respondents are not able to skip these questions,
something which is not possible with a physically distributed questionnaire (Debois, 2017) . Finally, by
distributing a questionnaire online, the answers that are given by the respondents will be entered directly

into the database while physically distributed questionnaires need to be entered manually into the

database by the researchers, increasing the risk of a typing error (MWM2, 2023; QuestionPro, 2022)
However, the invitation to participate in the guestionnaire was not only distributed over the internet.

The questionnaire was also distributed by physically handing out QR -codes with a direct link to the
questionnaire among potential respondents in order to acquire a representable sample. At the end of
the questionnaire, every respondent had the possibility to share the questionnaire in their own network.
The intention of the researcher was to reach more potential resp ondents and increase the
representativeness of the sample.

In order to acquire more respondents, companies related to electric vehicle charging were contacted.

In Appendix C, an overview is given of all companies that were contacted in this  thesis and if they were
willingto help distribut e the questionnaire . Some companies were not willing to share the questionnaire

with their customers, but they were (sometimes) willing to share the questionnaire among their own

employees to help acquire more responses.

3.5. Analysis methods
In order to analyze the collected data, the dataset must be prepared first . When preparing the dataset,
incomplete responses are removed . Once the dataset is prepared, the data can be coded. In order to
analyze the data, this study will use effect coding. The socio -demographics of the dataset are analyzed
using IBM SPSS Statistics 27  (IBM, 2023) and in order to  estimate the Multinomial Logi t model and
Latent Class model  Nlogit6 (Econometric Software Inc., 2016) will be used

3.5.1. Descriptive analysis
In order to be able to describe the socio -demographics of the respondents that participated in this study,

questions regarding gender, age, four -digit zip code, household composition and income were included

at the end of the questionnaire. The descriptive analysis will show wha t type of respondent participated

in the questionnaire. Additionally, by comparing the sample to the #ANationaal
possible to identify if this sample matches tBeeauseafthpl e of t he

measurement level o f the variables, a Chi-Square goodness of fit test will determine if the samples
match (Statistics How To, 2023)
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3.5.2. Effect coding
As mentioned, this study applies effect coding to analyze the results. An overview of all variables and
how they were coded is shown in Appendix D. In section 3.5.2.1 the effect coding of the main variables
included in this study will be elaborated and section 3.5.2.2 will elaborate on the coding of the included
context effects.

3.5.2.1. Coding of the main variables
Since all main variables inthe stat  ed choice experiment have three levels, the same coding scheme can
be applied. Table 3 shows the coding scheme that has been used for the variables containing three
levels.

Table 3. Effect coding scheme for th ree level attributes

el e2

Level 1 1 0

Level 2 0 1

Level 3 -1 ] -1
According to  effect coding, the base level receives a value of minus one ( -1) for each variable  (Hensher
et al.,, 2015) . In this study, the third level is set as the base level and coded accordingly . One of the
reasons why there is chosen for effect coding is because this method , compared to an alternative coding
scheme like dummy coding, will provide a unique value for the utility (Hensheretal., 2015) . By assigning
a minus one value to the base level, it is possible to determine which level has a larger impacton  the

utility (Hensher et al., 2015)

The only variable which is coded differently is the variable
scheme in table 4 has been used. There has been chosen to use this coding scheme because the

interpretation becomes simpler. If a type of charger is present, it is coded with a zero (0) while if the

type of charger is not present, the level is coded with minus one ( -1). In this way, if both type of

chargers are p resent, both effect coding values are zero (0) and the utility of the charging square will

be the highest since if either of the type of chargers is not present at a location, and coded as minus

one ( -1), the utility will decrease. There is chosen for this ~ scheme since having fewer type of chargers
to choose from will result in a decrease in overall utility.

Table 4. Effect c oding scheme for three level variable "Type of charger”

el e2 |
Only slow chargers 0| -1
Only fast chargers -1 0
Both type of chargers 0 0

3.5.2.2. Coding of the context effects
In section 3.5.2.1 the effect coding of the main variables was described, and this section will focus on
the coding of the context effects. The first context variable included in this thesis is the range that needs
to be charged and the second context variable is the available time to charge. For both context variables
the same coding scheme has been used as was used for the other variables included in this study (see
table 3). In Appe ndix D, the effect coding scheme of both context variables is shown. In both context
variables, the third level is also used as the base level and therefore, since effect coding is used, the
base level of both context variables has a minus one value (Hensher et al., 2015)

In order to be able to estimate parameter values for the context variables, the effect coded values of

the context variable and main effect variables were multiplied. Below, an example is given on how the
context effects are included in this thesis. In the example, the context effects for all ranges that have
to be charged with all different cost levels of slow charging are presented. Based on Appendix D, the
effect coding schemes of the two variables are again presented in table 5.
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Table 5. Effect coding schemes for all AfRangeodo | evels and

Context (range) Costs slow charging
X11  X12 X4l X42
50 kilometers 1 0 $0.25 pe 1 0
100 kilometers 0 1 0$0. 40 pe 0 1
150 kilometers -1 -1 00.55 pe| -1 -1

Since the process of creating the context effects is equal for every variable, the process of creating the
context variable is only presented for the three range levels with the three cost levels of slow charging
in table 6.

Table 6. Context effect between the three range levels and the three cost levels for slow charging

The effect of cost within different contexts

X141 X142 X151 X152
X11*X41 X11 * X42 X12 * X41 X12 * X42
50 kilometers -00. 25 per 1 0 0 0
50 kilometers -0 0. 40 per 0 1 0 0
50 kilometers -00. 55 per -1 -1 0 0
100 kilometers -0 0. 25 pe 0 0 1 0
100 kilometers -010. 40 pe 0 0 0 1
100 kilometers -U0. 55 pe 0 0 -1 -1
150 kilometers - 00. 25 pe -1 0 -1 0
150 kilometers -0U0. 40 pe 0 -1 0 -1
150 kilometers -0 0. 55 pe 1 1 1 1

3.5.3. Multinomial logit analysis
During the stated choice experiment, every respondent decided twelvetimes on their preferred charging
location . To analyze discrete choice behavior , a Multinomial Logit model (MNL) isused inmany occasions
(Hensher et al., 2015) . This model assumes that each respondent  chooses the charging location  which
results in the highest utility and therefore acts rational (Cascetta, 2009; Hensher et al., 2015) . In order
to choose the alternative which results in the highest utility, trade -offs have to be made by the
respondent . These trade -offs are made between the different attribute s and the corresponding levels
included in each choice  task .

The utility that each alternative produces can be divided into two parts, the structural utility and the
random utility or error term. Structural utility can be observed while random utility cannot be observed.
The total utility  is defined by equation ~ (3.1) (Train, 2003)

Y o - (3.1)
Where Y is the total utility of alternative i for individual q; @ is the structural utility calculated by
equation (3.2) and - s the random utility or error term.
) I zd 3.2)
Where 1 is the weight of attribute n and ® isthe score of the alternative i on attribute n for individual

g.
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The MNL model is used to  calculate the probability that an alternative will be chosen (Hensher et al.,
2015) . The probability will always be a value between zero and one for each alternative in the choice
set, summing to one for all attribu tes combined.

Equation (3.3) shows how to determine the probability that an alternative will be chosen

Q
0 —_— 3.3
Y Bo (33)
Where 0 is the probability that alternative i is chosen by individual g and & is the structural utility
In order to test if the MNL model has an ac-ofdfiriateseed. pr edi ct i o
Mc F a d d RhodSqjuare ( ” ) will have a value between zero and one. To test the goodness -of-fit of a
MNL model, Mc F a d d ®moéSsjuare value is calculated by equation (3.4) . A value between 0.2 and 0.4
f or McFad d-<SquarsindRéies a perfect fit of the model (McFadden, 1977)
i O 0
0 Om (3.4)
Where 0 & isthelog -likelihood of the estimated model and 0 Om isthelog -likelihood of the null model.
The log -likelihood of the estimated model is calculated by equation (3.5).
OO wl 10 (3.5)

Where « is one if alternative i was chosen by individual g and otherwise zero; In() is the natural
logarithmand 0 isthe probability thatindividual g will choose alternative  i.

The log -likelihood of the null model can be calculated by multiplying the number of choices with the
natural logarithm of - since there are only three choice options in each choice task (alternative 1,
alternative 2 , and the none -choice).

3.5.4. Latent class mo dels
Next to the MNL model  estimation , alatentclass (LC) model will be estimated . LC modelstry to identify

different groups within the sample data based on their preferences (Aflaki, Vigod, & Ray, 2022;
Hagenaars & McCutcheon, 2002) . Based on the LC model estimation results , hidden patterns in de
sample can be discovered (Weller, Bowen, & Faubert, 2020) . Groups identified by LC models share the
same choice behavior and can therefore be referred to as latent groups or classes (Weller et al., 2020)

To decide on the best number of classes used in the LC model estimation , the Bayesia n Information
Criterion (BIC) is often used (Bauer & Curran, 2021; Magidson & Vermunt, 2004) .The BIC isexpr essed

by equation (3.6).
606 cOO 1T O (3.6)

Where LL is the log -likelihood, N is the sample size and M is the number of parameters. If multiple
models are compared,  Magidson & Vermunt (2004) state that a lower BIC value is preferred.
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3.6. Conclusion
This chapter described the theoretical background of a stated choice experiment extensively and
concludes that it is indeed a suitable method to identify user preferences when dec iding on a public
charging square in urban environments . This is concluded since stated choice modelling can be used to
analyze the preference for new, non -existing situations. Next to the theoretical background, the
attributes and context used in this stu dy were elaborated on. In total, nine different attributes were
included in the stated choice experiment, all with three unique levels. In order to set up the experiment,
all attributes and corresponding levels were included in a fractional factorial exper imental design created
by Ngene. This resulted in 486 unique choice sets of which each respondent was randomly presented
with twelve choice sets during the data collection period. Not only the twelve choice sets were presented

to a respondent. Respondents were also presented with questions used as selection criteria and
questions regarding  their socio -demographics. In order to collect the data needed for the analysis, this
chapter has elaborated on the data collection methods used .

Not only has this chapter described the theoretical background of the stated choice experiment and the
final setup of the experimental design , t his chapter also described the setup of the questionnaire and

how the data was collected . Additionally, the stat istical analysis methods that are going to be used in
the remainder of this thesis were described . In the next chapter, the results of the descriptive analysis,
Multinomial Logit model and Latent Class model will be presented .
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4. Results

In this chapter , the result s of the data collection and analysis methods described in chapter three will
be presented . This chapter will start with the results of the descriptive analysis. After the descriptive
results have been  presented , this chapter will  show the results of the Multinomial Logit model and the

Latent Class model.

4.1. Descriptive analysis
After the data co llection period of almost one month (January 9 " until February 1 st, 2023), the number
of responses in the dataset was considered sufficient since the dataset contain ed N = 672 responses
and for several days the number of new respondents only increased by one or two per day. Since the
final dataset contained unusable/invalid responses, the dataset was filtered. In this way, only suitable
and valid responses  were kept in the dataset. Additionally, since respondents had the possibility to
choose the answer option fAOther, namel yédo and provide an
some of the included questions, recoding several responses was required. Appendix E gives a detailed
description of the procedure to select useful/valid cases and recode variables in the dataset. By filtering

and recoding the variables in the dataset, the collected data is suitable for further analysis. All
modifications resulted inar eduction of 135 responses from N = 672 to N = 537 responses.

The final dataset used for the analysis of the MNL and LC models in this thesis contains N =

485 responses. An additional 52 responses were excluded from the dataset si nce McFaddends
indicat ed that a model without incomplete responses and without respondents choosing the same (i.e.

1st, 2nd or 3) option for each choice set , performed better. These responses were removed since

answering the same answer option for each choice set was consider ed suspicious. The descriptive

analysis presented below will be based on the datasetthat contains N =485 responses since this dataset

has been usedto estimate the MNL and LC model s in sections 4.3 and 4.4.

All respondents included in the final dataset have a driverdés |license and drive

kilometers  onayearly basis since thiswere the two selection criteria. The majority of the respondents
(N= 193) drives between 10,000 T 20,000 kilometers on a yearly basis. Below, the socio -demographic
distribution will be elaborated based on the answer options in the questionnaire.

In the sample, the majority of the respondents were between 45 T 65 years old (N = 209 ,
43%) ,with4 40respondents (91%) being between25 i 80 yearsold. The age categories in the sample

ran ged from respondents between the age of 15 i 20yearsold (N=1, <1%) andrespondents over 80
yearsold (N=5,1%) . 376 respondents (78% ) in the sample were male and 99 respondents
(20 %) were female. The remaining 10 respondents (2%) preferred not to mention their gender or
identify as neither a male nor a female

The highest completed educational level reported in the sample was a fi Master (HBO or WO),
PhD degree 0 by 192 respondents (40 %) . 258 respon dents (53%) completed avocational education,
and t he remaining 35 respondents (7%) completed their secondary school or preferred not to mention

their highest completed educational level.

When asked about the household composition, the largest group of respondents w ere classified

as acouple (N= 222, 46%), followed by the household comp  osition couple + child(ren) (N

= 174,36% ). 65 respondents (13%) were classifiedas asingle -person household and 24 respondents

(5%) ha d a different household composition or preferred not to mention their household composition.

In the sample, 334 respondents (71%) have an income equal to or hi gher
annually .The remaining 141 respondents (29%) have alowerincome or preferred not to mentio n their

annual income .

Most( 64% , N = 309 ) of the respondents own a private vehicle and 34% ( N = 166) indicated
to drive a (company) lease car. The remaining 10 respondents (2%) use a different type of
transportation or preferred not to indicate this. Each  respondent was also asked to indicate where their
vehicle is predominantly parked and 63% ( N = 304 ) indicated to park on private property , 26%
(N = 127) uses public parking along the road, 9% (N = 42) uses public parking in a (small) car
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park/collective parking and the rem aining 3% ( N = 12) ofthe respondents park their vehicle in a parking
garage.

Each respondent was asked to provide the four digits of their zip code as part about socio -demographic
guestions. Based on the provided zip codes, figure 8 has been created, which presents the distribution

of the respondents  across the Netherlands. In the figure , every zip code area which has at least one
respo ndent is marked red. The darker the color, the more respondents participated with that same zip
code. Asis visible, there is at least one respondent living in each province of the Netherlands , h owever,
the distribution over the provinces is not equal. Most of the zip code areas in the sample are  only
represented once in the dataset but there are also zip code areas where over  five respondents have

participated in the study.

Legend: @
1

2
N 3
Il 5
I 5
Wassenaar
Lochem
Schipluiden ,
Nistelrode
Bakel
Figure 8. Distribution of respondents across the Netherlands

However, the zip code was not only used to determine the distribution of respondents across the

Netherlands. Since this thesis focuses on urban environments, knowing if the respondents live in an
urban or rural environment is key. Based on the zip code , the urbanity level has been determined by
using publicly available data from the CBS (2023b) . 1 7% (N = 80) of the respondents in the dataset
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live in a n urban environment with over 2,500 addresses per square kil ometer (km2). 28% (N = 137)
lives in a n urban environment with 1,500 -2,500 addresses per km2 and 21% (N = 103) of the
respondents live s in an urban environment with 1,000 -1,500 addresses per km2. Of the remaining
respondents, 19% (N = 92) live s ina rural environment with 500 -1,000 addresses per km2 and 15%
(N =73) in arural environment with less than 500 addresses per km?2 . Overall, 66% of the respondents
live s in an urban environment making this dataset relevant for this thesis.

Since the electric vehicle is a key aspect in this thesis
drive an electric vehicle. The majority of the respondents, 75% ( N = 362 ), indicated to drive or
at least sometimes drive in an electric vehicle (not including hybrids) . The remaining 25% ( N
= 123) has not driven an electric vehicle yet. Next to the question about driving an electric vehicle, the

respondents also had to indicate whether or not they have the possibility to charge an electric vehicle

on private property. 53% (N = 256) of the respondents indicated to have this possibility while the

rem aining 47% (N = 229) of the respondents do not have this option. Charging an electric vehicle is

not only possible near the residence of the respondent, but there also might be the possibility to charge

an electric vehicle near the workplace. Of all respondents, 53% ( N = 256 ) indicated to be able to charge

an electric vehicle near the workplace, 20% ( N = 95)indicated to not have this possibility. The rem aining
respondents ( 3%, N = 12) do not know if this possibility exists, or always works from homelis
unemployed (25%, N = 122).

, every respondent was asked whether or not they

Table 7. Descriptive statistic s

15 Count

Variable (N = 485) Percentage
Male 376 77.5%
Gender Female 99 20.4%
Other/prefer not to say 10 2.1%
Below 25 years 35 7.2%
Age 25 1 65years 331 68.2%
Over 65 years 114 23.5%
Prefer not to say 5 1.1%
Highest Vocationally education 106 21.9%
completed Theoretically educated 365 75.3%
education Unknown/no completed education/prefer not to say 14 2.8%
Single person household 65 13.4%
Household Multi -person household without children 222 45.8%
composition Multi - person household with children 188 38.8%
Other/prefer not to say 10 2.0%
<120,000 euro 14 2.9%
Income 02’0,001 i 140,000 euro 53 10.9%
> (140,001 euro 344 70.9%
Prefer not to say 74 15.3%
Urban environment 217 44.7%
Urbanity level Not urban/rural environment 103 21.2%
Rural environment 165 34.1%

15 The table presents the

classes that have been used in the LC

membership analysis.
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4.2. Representativeness of the sample

To test if the sample of this study fits the population investigated by the Dutch National Charging study,
resultsofthe fiNat i obmadlonder zoek 20210 have been us @odNetherlandso mpar e th
Enterprise Agency, Vereniging Elektrische Rijders, & ElaadNL, 2021a) . The #f@ANati onaal Laadonder

is a study among Dutch electric vehicle drivers related to the adoption of electric vehicles, charging
behavior, and smart charging (Netherlands Enterprise Agency et al., 2022) . Below, table 8 prese nts the
result of the representative ness analysis .

In order to test if the samples match, a Chi -Square test is used  (Frost, 2023) . A Chi-Square test is
conducted to reveal if the difference between the observed data count and the calculated expected count

is caused by a correlation between the variables or due to chance (University of Southampton, 2023)

The observed count s and percentage s are based on the collected data, while the expected count s and

percentage s are generated by using the res ults of the ANationaal Thaexgecotedder zoek
percentages are determined by grouping the results of

categories as the dataset. Once the percentages are determined, the expected count is calculated by
multiplying the expected percentage with the total count in the dataset. The residual value is the

difference between the observed and expected count. In order to determine the Chi -Square value, the
sum is taken of all residuals squared divided by the expec ted count for all categories. The closer the
residual value is to zero, the better the match between both observed and expected  counts will be.

Table 8. Representativeness of the sample compared to the "Nationaal Laadonderzoek"

Observed Expected Residual Chi - p-
Category Square value
Count % Count %
Male 376 78% 437 92% -61
cender  remale 99 | 20% | 38 | 8% 61 106.436 | .000
Highest Vocationally educated 106 23% 125 27% -19
completed Theoretically 3.859 .049
education educated 365 7% 346 74% 19
Single person
household 65 14% 38 8% 27
Multi - person
Household household without
composition children 222 47% 214 45% 8 25.068 1000
Multi - person
household with
children 188 40 % 223 47% -35
<040,000 euro 67 14% 58 12% 9
Income > 040,000 euro 344 71% 366 76% -22 5.624 .060
Prefer not to say 74 15% 61 13% 13
Urban environment
with over 2,500
addresses per km? 80 16% 114 24% -34
Urban environment
with 1,500 -2,500
. addresses per km? 137 28% 132 27% 5
Ug/aerlug Urban environment 15.349 .004
with 1,000 -1,500
addresses per km? 103 21% 86 18% 17
Urban environment
with 500 -1,000
addresses per km? 92 19% 81 17% 11
Rural environment 73 15% 71 15% 2

16 Compared to data oft he CBS (2023b)
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Before the representativeness results are further elaborated, it has to be noted that all participants of
the ANationaal 120248 dNo=n21204) Doeki ve an el wehild tharesultsafth i eclrent
study are also based on response from fossil -fuel drivers.  The choice was made to still compare the data
of this study to the fANationaal Laadonder z odédhargingélectice bot h st |
vehicles. Additionally, in the future, current fossil -fuel drivers will need to switch to an electric vehicle.

It could be argued that the Dutch National Travel survey (CBS, 2023a) would be a bett er dataset for
comparison, however, since the Dutch National Travel survey focusses on developments in travel

behavior of the Dutch population and the electric vehicle is not a key aspect in the Dutch National Travel

survey, there is chosen to not use this dataset for comparison. Furthermore , itis stated here that the

test for representativeness is conducted to see if both sample s match or if the sample of this
study is a specific group of individuals

As is visible, relatively more females have participated in this study compared
Laadonder zO9echnipardd2o 8% respectively). However, this study is just l'i ke the HANatio
L aadond e rdanuinatkddy male respondents . This indicate s thatmales mightbe more interested in

this topic compared to females. Just as in the fiNati onaal Laadonderzoeko, the
are highly educated with a bachelor 'sor mast er 0 7% @yparedto 74% respectively) . Inthe

sample of this study, more respondents have completeda masterds degree compared to a
degr ee, somet hing which i s t he ot her way ar o uhiodever,n t he AN
according to the Chi - Square test results, the distribution of gender ( p < .00 1) and highest

completed education ( p =.04 9) differ bet ween the FANationaal Laadonder zoek

collected data

Looking at the household composition and the income distribution between the sample and the

ANati onaal L a a,dmost despozdenesk th both dataset s have an income higherth an 040, 000
annually (7 1% compared to 76 % respectively) and mainly consist of a multi -person household (8 7%
compared to 92% respectively ). The results of the Chi -Square test  show that the distribution

among the household composition differ sbetween theofndlatk Laadonderthemekodo and
dataset ( p <.001 ). The distribution among the income levels is , according to the Chi - Square
test, similar i n t he ANationaal Laadonderzoeko @mym.060)t he coll ected da

Based on the descriptive analysis, 66% of the respondents live in an urban environment. However, in

order to test if the distribution of the respondents across the different urbanity levels is comparable to

the distribution in the Netherlands, the dataset i s compared to data provided by the CBS since the

ANationaal Laadonderzoekdo did not i ncl udeAstishisisleframthea suf f i ci e
results, the distribution of respondents over the different urbanity grades is not similar to the

actua | distribution in the Netherlands ( p =.00 4). Thisis because fewer participants that live in an

urban environment with over 2,500 addresses per km? participated in this study compared to the

expected number of respondents for this urbanity grade. Additionally, a lot of respondents that

participated in this study live in a n urban environment with 1,000 -1,500 addresses per km?2 compared

to the expected distribution.

Therefore, ov erall, the sample collected in this study is considered not to be in line with the
sample of the f#ANati onaal. Addiiandlly, rthe esanmple & laldo not considered to
represent the whole Netherlands because educated males with a high income are ove rrepresented

in the dataset . Since the current electric vehicle drivers have the best experience with the

current infrastructure and know what is currently lacking and needs to be improved, the

results of the presented analys es in sections 4.3 and 4.4 are still considered useful since

almost 75% of the respondents in this study drive or at least sometimes drive an electric
vehicle . The results will help determin e suitable locations for public charging facilities in residential

environments in order to provi de charging solutions for everyone in the future.
4.3. Multinomial logit model
As described in the methodology, a MNL analysis will be conducted. This section will describe the

estimation results of the MNL model. The MNL model is used to predict the probability that an alternative
will be chosen. Table 9 shows the results of the final MNL model that has been estimated in this study.
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In order to es timate this model, insignificant context parameters were first stepwise removed from the
model and finally , several context effects were completely excluded from the MNL model . Several
context effects were ultimately excluded as theresults of these contex  teffectswere considered doubtful.
In the end , only context effects for the constant, type of charger, costs of slow charging and

having to relocate the vehicle were included in the model . Section 3.5.3 presented how the
contexts effects were included in this study.

4.3.1. Main effects MNL model
In this section, the results of the main effects in the MNL model will be elaborated. This section will only
describe the results of the final estimated MNL model. Appendix F shows the output of the original MNL
model and Appendix G shows the steps taken to stepwise remove insignificant parameters from the MNL
model in Nlogit. Appendix H shows the results of the reduced MNL model before several context effects
were completely excluded fromthe model.  The MNL model containing all parameters (shown in Appendix
Fyhas a McFaddenés Rho] value of 0.268, acaontextaparaneetersand movi ng t h
completely exclud ing several context effects the model has a McFaddends Rho] val u
(shown in table 9).

Since both values are roughly the same and between 0.2 and 0.4, this model is considered to have a

perfect fit (McFadden, 1977) . Even though McFadden 8ys.00R oo the redaced MNa s e s
model which excluded several context effects , the overall model performance is better since the included

context effects in the reduced model are all significant at the 5% level while in the original model only

14 out of 68 included context effects were significant at the 5% level. Additionally, the results of the
context effects are now acceptable where this was not the case before several context effects were

completely excluded . That the overall model performance of the reduced model is better is confirmed

by the calculations of the BIC value usin g equation (3.6). The BIC value of the original model is
10,100. 15 while the reduced model has a lower BIC value (9, 688.80 ) which is preferred when comparing
multiple models  (Magidson & Vermunt, 2004) . Additionally, all signs in the model are as expected and

several main parameters are sig nificant as well.

Table 9. Overview of the estimation results for the reduced MNL model

Variable Coefficient

Constant -1.97218***
Main effects
Slow chargers present .87343***
Fast chargers present .32680***
U 025 per KWh  (slow) .45084***
U 040 per kWh (slow) .04090
U 060 per kWh (fast) .49003***
U Q75 per kWh (fast) -.03917
Charge certainty 75% -.21413***
Charge certainty 85% .00439
50 meters walking distance .29849 ***
150 meters walking distance .03812
30 minutes after the battery is completely charged -.19209***
2 hours after the battery is completely charged -.07070**
The vehicle is left unattended at the charging location -.12723***
The vehicle is visible from the (surrounding) dwelling(s) .02741
Nothing changes -.06890**
More greenery .07510**
Context effects

50 kilometer - Slow charger .34035*
50 kilometer - Fast charger -.44040*
There is one hour available to charge - Constant -.23002***
There is one hour available to charge - Slow charger -.60860***
There is one hour available to charge - Fast charger 1.02821***
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There are four hours available to charge - Fast charger -.32598***

There is one hour available to charge -00.25 per kWh -.16847***
There is one hour available to ¢ harge - 30 minutes after the battery is completely .15496***
charged

Model performance
LL(B) -4,736.039
LL(O) -6,393.924
Rho? 0.259

*xx xx * => Significance at 1%, 5%, 10% level.

The value of the constant presented in table 9 is -1.972 which indicates that on average the utility of
the fAwchme ced alternative is 1.972 units |l ess than that of t
means that respondents are in general more likely to choose one of the two presented

alternatives ovechoheednaheternati ve

In order to have a better overview of the main effects presented above, figure 9 has been created to
show the main parameters graphically. Additionally, below figur e 9, the results of table 9 will be
elaborated in more detail. When interpreting the results presented in table 9, it has to be taken into

account that a different effect coding scheme has been used for the type of charger compared to the
other included attributes (section 3.5.2). Appendix | shows a more detailed view of the results presented
in figure 9.

Due to the coding of the type of charger (0 if present, -1 if not present), the values presented for the
type of charger infigure 9 are the inverse ofth e valuesintable 9. The inverse has been presented for
better readability of the figure because if both types of chargers are present, the part -worth utility of
the type of charger is zero for that location. If either of the type of chargers is not presen t (coded as
minus one) the part -worth utility of that location decreases by 0 .87343 * -1 = -0.87343 for a slow
charger not being present and with 0.32680 * -1= -0.32680 when a fast charger is not present. Below
figure 9 an elaboration is given of the main effects.
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Final MNL model

Slow charger not present -0.87343

Fast charger not present -0.32680 _
€0.25 per kWh [slow) I 0.45084
£0.40 per kWh (slow) Il 0.0409
€0.55 per kWh (slow) -0.45174 [
€0.60 per kwh (fast) I 0.49003
€0.75 per kwh (fast) -0.03917
€0.90 per kWh (fast) -0.45086 (I
Charge certainty 75% -0.21412 [
Charge certainty 85% | 0.00439
Charge certainty 95% I 0.20974
50 meters walking distance _ 0.29849
150 meters walking distance W 0.03812
250 meters walking distance -0.33661 _
30 minutes after the battery is completely charged -0.18209 _
2 hours after the battery is completely charged -0.0707 -
The car does not need to be moved _ 0.26279
The vehicle is left unattended at the charging location -0.12723 [
The vehicle is visible from the (surrounding) dwelling(s) l 0.02741
The area is monitored through CCTV I 0.09982
Nothing changes -0.0689
More greenery - 0.0751
Facilities for sport and exercise -0.0062 |
-1.00 -0.50 0.00 0.50
Figure 9. Graphical representation of the part -worth utilities of the main effects
Type of charger: If both slow and fast chargers are present at a public charging square , the utility of
the alternative is the highest a s the two corresponding dummy variables are zero, but once a slow
charger is not present, the utility of that location decreases by 0.873 43 while for fast chargers not being

present, the utility decreases only by 0.32680 (all else equal). Therefore, this indicates that in residential

areas, the population that is represented by the sample prefers the slow charger over the fast charger
when considering a public charging square in residential environments. In general, people are for longer
periods of time in their residential environment and therefore may have more time to recharge the
battery of the electric vehicle. However, utility is highe st if both types of chargers are available.

Costs: Both the effect of costs for slow charging as well as the costs for fast charging have the expected

effect on the overall utility. If the costs decrease, the utility increases for that location (all else equal).
Since the part -worth utility values for costs are not close to zero, they have a large effect on the overall

utility of the location and need to be carefully taken into consideration. Since predominantly private

vehicle owners (64%) have participat ed in this study, this is a logical result as private vehicle owners
have to pay the costs themselves.

Charge certainty: Charge certainty also has a significant effect on the overall utility of a public charging
square . Additionally, as expected, the part icipants of this study value a location with more certainty
higher than a location with less certainty.

Walking distance: The shorter the walking distance from home to the public charging square , the
higher the utility of the location becomes (all else eq ual). In the literature review, the identified
maximum acceptable walking distance was around 150 meters (Netherlands Institute for Transportation
Policy Analysis, 2018) . In this thesis a walking distance of 150 meters has a part -wort h utility of almost
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zero. Longer walking distances resultin a negative impact on the utility, while shorter distances have a
positive impact on the overall utility if all else remains equal. This indicates that it is preferred to have
the charging square at close walking distances. Therefore, public charging should preferably be provided
at a maximum walking distance of 150 meters, but it is better to create public charging locations at

short er distances from the residences.

Move vehicle within: Since one of the frustrations of electric vehicle drivers is not having a charger

available when arriving at a charging location, for example , due to a completely charged electric vehicle
thatis not m oved by its owner  (mkb brandstof, 2023) , this study implemented a financial incentive so

the owner of the electric vehicle being cha rged would move the electric vehicle once the battery has

been completely charged. As is visible from the part -worth utility results, both measures where the
electric vehicle needs to be relocated have a negative impact on the overall utility (all else equ al). Only

when the electric vehicle can be parked near a charger as long as the user wants, a positive impact on

the overall utility is found. This implies that the respondents are reluctant to move their electric vehicle

once the battery is completely cha rged , which was also shown in the literature review by Philipsen,
Schmidt, Van Heek, & Ziefle (2016) . However, since it is a political decision made by the government
to implement or not implement a financial incentive, it is not always possible to fulfill the wishes of the

users.

Supervision on charging location: As is visible, the type of supervision does not have a maj or impact
on the location decision for publicly charging an electric vehicle as all part -worth utilities are fluctuating
around zero. Only if the vehicle is left unattended at a public charging square , the part -worth utility

effectisnegative.  Both remaining attribute levels have a positive effect on the overall utility of a charging
square regarding the supervision. However, monitoring the area through CCTV will result in a larger
positive effect on  the overall utility compared to the location only being visible from the (surrounding)
dwellings.

Alternative functions for parking: Since charging will be provided at a centralized location, fewer
parking spots are needed in the street. This is because s ome of the electric vehicles will have to charge
for a longer period of time and as a result, these electric vehicles will not be parked in the street but on

the charging square. Therefore, the empty parking spaces in the street can be repurposed. In the

qguestionnaire this was communicated to the r elknmprdartent

something to come in return, it is needed to remove something first. Therefore, respondents are in fact

made aware that empty parking spaces are removed from the street and repurposed into something
new. Based on the results, this sample will value a charging location with multiple charging points higher

if greenery will be placed on the parking spots that can be repurposed. Having facilities for sport and

exercise on the repurposed parking spots has a slightly negative effect on the overall utility, while if the

parking spot s are notrepurposed, the overall utility of the charging location decreases the most (all else

equal). However, this effect is only marginal o n the total utility value of a charging location compared

to the more important attributes

4.3.2. Context effects MNL model
Above, the main effects have been presented, however, several significant context effects were also
included in the final MNL model. Int he original MNL model context effects were included for all main
variables. However, in the final MNL model , only context effects for the constant, type of charger, cost
(slow) and having to relocate the vehicle once the battery is completely charged were included . The
results of the estimated context effects before excluding several context effects from the final model
are shown in Appendix H.

In general, the results of the context effects have to be interpreted as follows. If there is a positive

effect for the given context situation, the overall utility of that location will increase (all else equal). In

contrast, if there is a negative effect for the given context, the overall utility of the location will decrease

in the given context. The estimated parameters for the different context levels are presented in table 9.
Since there are two context variables included in this thesis, the overall effect of the attribute level in

the different  contexts will be presented in figures and elaborated. The presented figures below are
included in more detail in Appendix .
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As mentioned, context effects were also estimated for the constant. Based on the results, the context

of having one hour available to charge has a significant effect at the 5% level. Due to the coding of the

context variable for the available time to charge, the context effect presented in table 9 not only has an

impact on the context situation where there is one hour available to cha rge, but also on the context

situation where there are eight hours available to charge. Since having eight hours available to charge

is coded as minus one ( -1), the effect in this situation is equal to -0.23002 * -1 =0.23002. Based on

the significant cont ext effect ( -0.23002), respondents are most likely to choose one of the
alternatives ovechbheednbhethe present edonechount aveilableitonc | udes
charge . Asisvisibleinfigurel 0, in all context situations, respondents are more likely t o choose one of

the two alternati vesodwerdo taHd efrmartea ve.

Context effect constant

-2.2022 _ 50, 100 or 150 kilometer - There is one hour available to charge - Constant
-1.97218 _ 50, 100 or 150 kilometer - There are four hours available to charge - Constant
-1.74216 _ 50, 100 or 150 kilometer - There are eight hours available to charge - Constant
-2.5 -2 -1.5 -1 -0.5 0 0.5

Figure 10. MNL path -worth utility of the context effects for the constant

Considering the results of the context effects in relation to the type of charger, presented in figure 11,
the population represented by the sample of this study prefers a slow charger at the charging

location in most of the presented contexts . Thisis sta ted because the utility of a charging location
decreases for all context situations where a slow charger is not present except for one. The context

where 150 kilometers in range needs to be charged within one hour and a slow charger is not present

at the ¢ harging location results in a positive effect on the overall utility . This is a logical result since in
this context it is essential to have a fast charger. Not having slow chargers at a location means that the

location only has fast chargers.

Additionall y, if the context situation requires a fast charger at the public charging location

since otherwise the range could not be charged within the available time but the public

charging location does not have a fast charger, large negative effects are found .Thisisalogical
result since respondents need the fast charger in these context situations in order to charge the range

in the available time. Finally, there are three context results where a positive effect on the overall utility

is found if a fast charge  ris not present. In all these contexts, the range that needs to be charged within

the available time can easily be charged by a slow charger. Since the main MNL results already showed
that the respondents of this sample prefer a slow charger at the locati on, this is a logical finding
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Figure 11.MNL path -worth utility of the context effects for the type of charger

The context effects of the costs for slow charging are presented in figure 1 2. As is visible from the
results, lower costs are preferred in every context situation included in the model . If the costs
increase, the utility  of a charging location decreases. Additionally, based on the results of the context
effects presented in figure 12, it can be concluded that with increasing available time to charge,

the impact of the costs become s larger . This finding makes sense since the respondents will have
more time available to search for a cheaper location while still having enough time to charge the range.

Figure 12. MNL path -worth utility of the context effects for the cost of slow charging

The final context effect that was included in the final MNL model is related to having to relocate the
vehicle once the battery is completely charged. According to the results presented in figure 1 3, not
having to relocate the vehicle will result in a positive effect on the overall utility in all context

situations . This i ndicates that no matter the context, respondents are reluctant to move their electric

vehicle. The moment that there are more hours available to charge , having to relocate the vehicle within

30 minutes after completely charging the electric vehicle will re sults in the largest decrease of the overall
utility in all context situations. This makes sense since the probability that the battery is completely
charged within the available time increases, and therefore also the probability increases that the vehicle
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