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�
ABSTRACT�
For parking operators and charging service providers it is critical to understand the factors that 
influence the demand for charging electric vehicles away from home. This information will not 
only help them to better anticipate the impact on the power grid, but also to develop 
revenue maximizing demand response strategies. 

Recent studies suggest that observable and unobservable attributes of travel demand affect the 
location and the frequency of charging events. Nevertheless, it is unlikely that there is a simple 
one way causality in the relationship, since the distinctive characteristics of electric vehicles might 
also lead to transformations in travel behaviour. In order to examine these ambiguous 
interrelationships we develop two models: a binary logistic regression for home charging vs 
out of home charging and an ordered logit regression for the daily distance driven with an electric 
vehicle. 

Attitudes and perceptions of individuals towards range constraints are indirectly captured with 
latent constructs like schedule flexibility or mobility necessity. The data used for the analysis were 
collected through the administration of an online survey to electric vehicle drivers in the UK and 
Ireland. Results show that there is an intrinsic link between charging and travel behaviour with 
potential implications both in a strategic and an operational level. 
�
�
�
Keywords: Electric vehicles, Charging behaviour, Range anxiety, Logistic regression
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� �
1. INTRODUCTION
Mass deployment of electric vehicles is associated with improvements in air quality and mitigation 
of the transport contribution in climate change (1). Even though there is a coordinated effort to 
encourage the adoption of these vehicles nowadays, substituting the ICE (Internal Combustion 
Engine) fleet is not a trivial task and several attempts to reintroduce electro mobility have failed in 
the past. Limited driving range and uncertainty in service availability are two of the main obstacles 
in the purchase of an electric vehicle. Promoting the installation of out of home charging 
infrastructure can address both these issues at the same time. Nevertheless, in order to encourage 
parking operators or local municipalities to invest in electro mobility, it is first essential to 
examine the charging behaviour of EV (Electric Vehicle) drivers and its impact on the optimality 
of operations. 

Charging behaviour is strongly interrelated with travel behaviour, thus, it is crucial to understand 
how much people are driving every day, either in urban or rural environments, and if the battery 
range of an EV is adequate to cover these needs. In Great Britain, 95% of the daily trips are below 
25 miles and hence are comfortably within the range of a BEV (Battery Electric Vehicle) (2). 
While researchers usually discuss the effects of driving behaviour on charging demand, the 
direction of causality is not straightforward. The charging choices and the attributes of an electric 
vehicle are just as likely to influence driving patterns. In (3) it is shown that there is a correlation 
between VMT (Vehicle Miles Travelled) and the type of electric vehicle, with PHEV (Plugged in 
Hybrid Electric Vehicle) users driving on average more than BEV users. 

The phenomenon associated with the limited range and the resulting concern that a vehicle may 
not be available when required is widely known as range anxiety. According to Nilsson (4): 
“Range anxiety emerged as a concept in the late 1990s and captures drivers’ concern of not 
reaching their destination while driving in an EV”. 

Even though the majority of charging activity, at the moment, takes place at home due to the 
convenience that it offers to the drivers, out of home charging opportunities should be promoted in 
order to extend the driving range and reduce range anxiety.  In the context of the CABLED project 
in the UK, where the availability of non domestic infrastructure was low, it was found that the bulk 
of EV recharging takes place at home (5). On the other hand, the EV Project in the U.S. has shown 
that, regardless the low public charging infrastructure availability, 70% of vehicles were observed 
to charge out of home mainly to supplement home charging activities (6). This project was crucial 
for the deployment of public infrastructure in strategic locations. 

Public infrastructure investment becomes even more compelling, after considering the limited 
accessibility to off street parking for flats in high density development areas. The Permitted 
Development Right in the UK (2) gives the opportunity to landowners to install charging stations 
in business parking areas without having to apply for planning permission. In London, based on 
the Mayor’s London Plan (7), organizations with car parking availability are required to include 
one charging station for every five parking places. 

Understanding what factors affect range anxiety and charging location is paramount to anticipate 
the shape of spatiotemporal charging profiles and, consequently, the impact that EVs have on the 
power grid, especially on the distribution level. The psychological implications from the limited 
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range or the uncertainty regarding charging opportunities should be explicitly taken into account 
when modeling charging behaviour, because robust predictions are crucial in order to offer the 
right incentives and reshape these charging profiles.

Observable charging attributes like availability, location, speed or initial SOC (State of Charge) 
(10,11,12,15) as well as unobservable attitudes towards battery range (16,17) have been 
encountered as factors of charging behaviour in previous studies. Nevertheless the inherent links 
between travel and charging behaviour under the effects of range anxiety metrics have not been 
properly addressed, to the authors’ knowledge. The aim of this paper is to build on existing factors 
and model their effect both on driving and charging an EV, so that this interrelationship is captured 
to the extent that it’s possible with a cross sectional dataset. 

The rest of the paper is structured as follows. First we give a brief overview of the links between 
charging and travel behaviour and the unobservable psychological aspects that have been 
investigated so far. At the end of the same section the objectives of this research are stated based on 
the identified gaps. Subsequently, the data collected from the online survey are explained and the 
methods employed for the analysis are presented, followed by the results. The paper concludes 
with a discussion of the results, their implications and directions for future research.  
�
2. BACKGROUND 
The attempts to explain where and when people refuel their vehicles and how this is related to their 
idiosyncratic characteristics and their travel needs have started several years ago (8, 9). With the 
introduction of BEVs and PHEVs in the market, there is a need for drivers to shift from their 
conventional refueling behaviour towards plugging in and charging their personal vehicles for 
non trivial stretches of time. 

In order to understand out of home charging behaviour, it is important to understand first the role 
of charging infrastructure. EV charging infrastructure can be characterized by its availability, its 
location (home, workplace, on street etc.) and the delivered charging speed (10). Another 
important attribute is the “recharge potential”, i.e. the spatiotemporal correspondence between a 
parked vehicle and a charging outlet. In the US, the recharge potential is found to be positively 
correlated with home dwelling periods and negatively correlated with working and driving periods 
(11, 12). More than half of the respondents in (11) have a recharge potential at home, 
approximately 25% don’t have a recharge potential at home but they can find an available charging 
post for at least 8 hours during an average weekday and another 25% cannot find an available 
charging post for this period. Clearly, this distribution is characteristic of the study area (i.e. the 
U.S.) and it might differ for other countries, as well as between urban and rural environments. 

Another factor that indirectly affects the out of home charging choices is the typical driving 
distance or the time elapsed between two consecutive charging events. In (13) the gap times 
between charging events were modeled with a hazard based approach using time dependent 
predictors. In another study (14), the concept of BEV feasibility was introduced and defined as the 
probability that the ratio of the distance driven between two consecutive charging events and the 
nominal range of the vehicle is below an acceptable threshold. Treating the distance travelled 
between two charges as a stochastic variable is an effort to reflect the charging choice process of 
the driver when faced with alternative charging opportunities. With this approach, though, it’s not 
possible to model some of the critical factors that affect out of home charging like electricity price 
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or location. 

Prioritizing or incorporating the charging process into the daily routine has a certain degree of 
heterogeneity and some of the main components of this heterogeneity are: lifestyle and flexibility 
of working schedule, access to out of home charging infrastructure and the level of understanding 
about the SOC and the rate of energy consumption. For similar driving requirements, people who 
charge less frequently have a more sophisticated understanding of their driving range and travel 
needs, hence, they plug in their vehicles only when it’s necessary (12). Frequent top up of the 
battery is possibly associated with a “safety” mentality, from people that want to have the extra 
SOC, in case they need to change their plans and drive for a longer distance. This is inherently 
linked with “range anxiety” and it might be more intense in areas with low public infrastructure 
levels. 

After prolonged experience with an EV, range satisfaction is increased and the initial concerns of 
the drivers are reduced (16). Evidence from a U.S. study (18), through the experience of the 
participants driving a Mini E for one year, suggested that the learning process eliminates the range 
concerns, even when public infrastructure is unavailable. Therefore, the deviation between 
subjective and objective reliability to EV range might be caused by lack of driving experience as 
well as from the inability of the driver to perceive his mobility needs with accuracy. 

Apart from frequency and location, charging behaviour is also characterized by the initial SOC of 
a charging event, or, in other words, the level at which drivers usually decide to recharge their 
vehicles. During the Smart Move trial in North East England (15) the vast majority of the journeys 
started with a SOC above 50%, showing the reluctance of the drivers to begin a journey with a 
lower SOC even though the range was adequate to complete it in all cases. The dynamics of range 
attitudes and control strategies for EV drivers can be examined from a psychological perspective. 
After developing a conceptual framework where individuals self regulate the use of range 
resources based on three psychological reference values (competent, performant and comfortable 
range), Franke and Krems found that this interaction of the user with the battery might explain the 
variance in the SOC level, which triggers the initiation of a charging event (17). This 
psychological aspect of the problem and the effects of unobserved factors on charging behaviour 
are captured in this paper with the inclusion of attitudinal questions in the online survey that is 
introduced in the next section. 

Typical studies about EV drivers analyze the charging patterns from a descriptive point of view.  
Nevertheless, there is an increasing interest in developing predictive models of charging behaviour 
(13,16,17,19,21). The specific objectives of this paper that distinguish it from the above studies are 
three: a) to measure the effect of observable and unobservable variables on charging and travel 
demand separately, b) to identify the interrelationships between the two dimensions and c) to 
explore the role of range anxiety in these joint choices.

3. DATA 
The data used in the empirical analysis of this paper were collected by a survey administered to 
electric vehicle drivers and individuals that have considered buying an electric vehicle (referred to 
as “EV considerers”) during the last 12 months in the UK and Ireland. The responses collected in 
total were 263. The question for purchase consideration was addressed to the panelists of a major 
provider of sample services and those who qualified were considered for sample selection. The 
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represantive variability in demographics is achieved with the randomization process that this 
provider followed. 9.3% of the randomly selected respondents fulfilled the required criteria and 
were redirected to the survey.

After an initial screening process, based on the timing of survey completion (19), only 118 
responses were retained. In the survey, there is a question of whether the respondent currently 
owns or leases an electric vehicle; such individuals were routed to an extra part of the survey 
addressed only to EV drivers. This extra part assembles evidence on their driving and charging 
habits including questions regarding the frequency of using their vehicle, their typical driving 
distances and the most frequent charging locations. For the models presented here, most of the 
explanatory variables come from this additional part of the survey, hence EV considerers were 
removed and the final sample consists of 68 EV drivers. Among them, 57 own the vehicle, 6 lease 
it and 5 have another type of access (e.g. personal contract purchase). 

About 18% of the respondents have been driving their EV for less than 3 months, whereas 
approximately 38% have the experience of driving an EV more than a year. Therefore, it is a safe 
assumption that the out of home charging information elicited in this study reflects a stable 
behaviour, reached after an initial stage of adaptation. The main driving characteristics are 
presented in Figure 1. It can be observed that around 30% of the respondents use the EV for their 
everyday travel while approximately the same proportion use it between 4 and 6 days per week. 
The typical daily driving distance reported by the individuals shows that the problems with the 
range of the battery are quite unlikely, since only 10% drive more than 40 miles per day. 

The daily cost for recharging, as it is perceived by the EV drivers, follows a normal distribution 
with the majority paying between 50p and £2.00. The scatter plot in Figure 1 indicates the SOC 
that triggers the initiation of a charging event. Respondents were first asked to provide a value of 
the typical battery level before they plug in their vehicle. Then they were asked what is the 
associated remaining driving range for this battery level. Splitting the observations with a notional 
boundary at 50% of the reported SOC, it can be observed that there are two types of drivers: those 
who prefer frequent charging (red color) and those who prefer infrequent charging (blue color). 
This is in agreement with (20) where two types of risk management strategies were detected for 
mid trip fast charging infrastructure: a) risk averse drivers who choose a higher SOC in order to 
reduce the risk of running out of battery and b) risk seeking or adventurer drivers who will charge 
only if the remaining SOC is not adequate to guarantee the rest of the trip. In the graph, there are a 
few outliers (e.g. 5% SOC with 55 remaining mileage) that show a certain level of misperception 
regarding the transformation of SOC to driving range.

Along with the reported driving and charging characteristics it was considered necessary to 
include in the survey a 16 item Likert scale list that covers several topics with potential relevance 
to the ambiguity in everyday choices of an EV driver (e.g. range anxiety, charging opportunities, 
dynamic pricing etc.). A factorial analysis of these indicators was performed to identify latent 
predictors of charging behaviour. This factor analysis resulted in four clusters of attitudes and 
perceptions (schedule flexibility, perceived mobility necessity, inclination towards preplanning 
travel activities and tendency to search for parking at the last moment), all of which entail an 
element of risk management and different perceptions about uncertain travel conditions. In a 
previous study, the authors have employed these factors to link the attitudes of drivers with their 
probabilistic allocation to classes with heterogeneous preferences for out of home charging events 
(21). This latent class approach was based on SP data collected with the same survey. 
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The attributes of out of home charging and the associated range anxiety that are analyzed in this 
paper are: 1) the location of charging and 2) the typical driving distance with the EV. The questions 
that were utilized in the survey to obtain these metrics are: “Where do you usually recharge your 
car?” and “Approximately how many miles do you drive per day with your electric vehicle?” The 
distributions of the responses are depicted in the two lower bar charts of Figure 1. It is interesting 
to see that most of the respondents (87%) have a charging opportunity at home while 58% of them 
do not consider (or do not have access to) an alternative location. One implication from this 
observation is that there is a considerable availability of charging opportunities at home. Among 
the individuals that charge their vehicles out of home, the most use multiple locations (including 
home charging), leading to the assumption that the reported charging frequencies do not reflect a 
lack of opportunities. Charging frequency is distributed quite uniformly, while a spike occurs for 
those that charge their EV once a day. 

TRB 2017 Annual Meeting Paper revised from original submittal.



Latinopoulos, Sivakumar and Polak 8

FIGURE 1: Driving and charging characteristics of EV drivers. �
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3. ANALYSIS�
Table 1 shows the results of the factor analysis described earlier. It must be noted that indicators 
I13 I16 were originally based on a different question; nevertheless, they have been transformed to 
the same Likert type scale, which reflects the willingness and/or need to search for parking. The 
factor loading threshold has been set to 0.4, so an indicator can belong to a factor only if it obtains 
a factor loading above 0.4. It is possible for each indicator to belong to more than one factors, yet, 
it can be observed that this is not the case here. For all groups, several indicators obtained high 
factor scores of the same sign. The fifth factor was excluded from the analysis because the signs 
are opposite and the meaning of the underlying attitude is unclear. 

The latent constructs are modeled as a deterministic linear function of the corresponding 
indicators. In other words, each factor is equal to the combined Likert scores of the individual 
indicators (not the factor loadings of Table 1), and these combined values are used as predictors in 
two regression models. With this approach, there is a possibility for measurement errors or 
endogeneity between the choice and the level of agreement to the Likert scale questions due to 
unobserved factors. 

First we use a binary logistic regression to analyze the factors that influence the choice to charge 
the vehicle out of home. The dependent variable has two possible values: 0 if there is no 
out of home charging and 1 if there is out of home charging, irrespective to the fact that the 
individual might charge at home as well. 

The typical daily driving distance was measured in discrete levels; hence, an ordinal logit model 
was adopted in order to analyze the effects of charging characteristics. The discrete levels (as they 
can be observed in Figure 1) were initially: “Less than 3 miles”, “3 7 miles”, “7 11 miles”, “11 15 
miles”, “15 40 miles” and “more than 40 miles”. For purposes of dimension reduction three levels 
were chosen for the final specification: “Less than 7 miles”, “7 15 miles” and “more than 15 
miles”.    

In order to have as much confidence as possible that the statistical associations that are reported are 
ceteris paribus rather than artifacts of cross correlation we entered socio demographics and spatial 
control variables in both models. The summary statistics of these control variables along with the 
other predictors are presented in Table 2. The majority of the characteristics that are used for the 
analysis of out of home charging behaviour are based on self reported data (e.g. charging 
frequency or driving distance) since it was out of the scope of this research to passively collect data 
from instrumented EVs. By using questions with discrete level answers, instead of continuous 
ones, it is possible to mitigate the measurement errors associated with self reported data. 
Moreover, the perceptions of EV drivers regarding the battery level or their dependence on the car, 
might have equally significant impact on their out of home charging choices.�

�
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TABLE 1 Factor analysis of the attitudinal indicators �
�

Indicators Schedule 
flexibility

Perceived 
mobility 
necessity

Pre planning Parking 
search Factor 5

I1: I am more concerned about 
successfully reaching my destination 
in an EV than in a conventional 
vehicle

0.464

I2: If there was a charging reservation 
system I wouldn’t make a reservation 
unless I knew how much battery I 
needed for the rest of the day

0.551

I3: If there was a charging reservation 
system I would always pay more to 
assure that I have extra energy in my 
vehicle in case I change my daily plan

0.731

I4: I could have changed my departure 
time at the beginning of the day 
(earlier or later) 

0.698

I5: I could have performed the first 
activity of the day in another location 

0.818

I6: I could have performed the first 
activity of the day at another time

0.847

I7: I could completely cancel the first 
activity of the day

0.817

I8: A high level of mobility is required 
in order to organise my everyday life

0.880

I9: I need to be mobile in order to take 
care of my everyday duties

0.854

I10: My work requires a high level of 
mobility

0.765

I11: When I make a reservation (e.g. air 
tickets, hotel, theatre) I always do it 
quite in advance so that I can find 
lower prices

0.751

I12: I usually know my daily schedule 
when I leave home

0.704

I13: Transformation of L1*, willingness 
and/or need to search for parking at 
workplace 

0.619

I14: Transformation of L2*, willingness 
and/or need to search for parking for 
shopping activities

0.514

I15: Transformation of L3*, willingness 
and/or need to search for parking for 
leisure activities

0.804

I16: Transformation of L4*, willingness 
and/or need to search for parking when 
visiting family/friends 

0.669

*Parking search question: When you are looking for parking, which of the following sentences is more relevant to you according to the 
respective activity (L1: Workplace, L2: Shopping, L3: Leisure, L4: Visit family/friends)�
1) I always go to the same parking place 2) I have a private or reserved space 3) I go to the park nearest to my destination 4) I drive to my 
destination and then start to look 5) I drive around the streets looking for a free space�

TRB 2017 Annual Meeting Paper revised from original submittal.



Latinopoulos, Sivakumar and Polak 11

 �
TABLE 2 Summary statistics of the control variables�
�
Number of EV drivers 68
Gender� Male 14 (20.6%)
� Female 54 (79.4%)
Age� Less than 40 32 (47.1%)
� Between 40 and 60 25  (36.7%)
� More than 60 11 (16.2%)
Marital status� Married or living with domestic partner 48 (70.1%)
� Single, widowed, divorced or separated 20 (29.9%)
Employment status� Full time, part time or self employed 53 (77.9%)
� Student, retired, or unemployed 15 (22.1%)
Residential location� Inner and outer London 28 (41.2%)
� Rest of the UK and Ireland 40 (58.8%)
Private access to petrol/diesel vehicle� Yes 53 (77.9%)
� No 15 (22.1%)
Type of EV access� Ownership 57 (83.8%)
� Leasing or other access 11 (16.2%)
Experience with EV� Driving more than a year 26 (38.2%)
� Driving less than a year 42 (61.8%)
Frequency of EV use� Driving EV every day 30 (44.1%)
� Driving EV less than once a day 38 (55.9%)
Daily cost of EV charging� £0 (Free) 3 (4.4%)
� > £0 65 (95.6%)
Frequency of EV charging� At least once a day 28 (41.2%)
� Not every day 40 (58.8%)
Type of residence� Flat or maisonette 11 (16.2%)
� House, Bungalow or other acommodation 57 (83.8%)
Net annual income� <£20,000 (€ for Ireland) 15 (22.1%)
� >£20,000 (€ for Ireland) 53 (77.9%)

Typical State of Charge (%) before 
recharging (Mean, Std. Deviation, Median)� (35.9%, 24.2%, 30%)

Schedule flexibility – Score from factor 
analysis (Mean, Std. Dev, Median)� (11.1, 4.5, 11.5)

Mobility necessity – Score from factor 
analysis (Mean, Std. Dev, Median)� (11.2, 2.2, 11.5)

Preplanning travel – Score from factor 
analysis (Mean, Std. Dev, Median)� (15.7, 2.3, 15.5)

Impulsive parking search – Score from 
factor analysis (Mean, Std. Dev, Median)� (8.9, 2.6, 9)

�
4. RESULTS�

�
4.1 Home vs outofhome charging�
The estimates from the binary logistic regression for out of home charging choices are presented 
in Table 3. Most of the results are in agreement with the a priori expectations and it can be seen 
that there are statistically significant effects not only for the reported driving and charging 
attributes but for the socio demographics as well. 

Men are more likely to charge out of home than women. It’s possible that this effect is correlated 
with occupational type (e.g. higher labor force participation), since this information was not 
available in the dataset. Age was not found to have a statistically significant effect on the charging 
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location choice . Individuals that are employed seem to have a higher tendency to out of home 
charging, compared to student, retired and unemployed individuals. This relationship might be 
attributed to the fact that they have an additional charging opportunity at their workplace. Drivers 
who have access to a second conventional ICE vehicle present a higher probability of charging 
only at home with a potential explanation that they have lower range requirements compared to 
exclusive EV drivers. Some of these drivers are likely to use their EV as secondary/back up car, 
which justifies the absence of out of home charging. 

TABLE 3 Binary logistic regression of home vs outofhome charging �

Parameter Estimate Standard 
error

95% Wald Confidence 
Interval

Lower Upper
Constant 5.823 5.211 16.0.37 4.931
Women (versus men) 2.774* 1.464 5.643 0.094
Age less than 40 years old 0.320 1.906 3.411 4.055
Age 40 60 years old 0.032 1.881 3.650 3.719
Age more than 60 years old 0 Fixed *** ***
Married or having domestic partner (versus non married) 1.284 1.143 0.955 3.524
Employed (versus student, retired and unemployed) 3.754** 1.703 0.417 7.091
Living in London (versus elsewhere in the UK and Ireland) 0.110 0.989 2.048 1.829
Private access to petrol/diesel vehicle 2.700** 1.274 5.116 0.202
Owning the EV (versus leasing the EV or other access type) 3.585** 1.742 6.908 0.170
Driving the EV for more than one year 0.532 0.933 2.364 1.297
Driving the EV every day (versus less frequently) 1.349 1.305 3.912 1.208
Charging the EV for free (versus any other daily cost) 6.236** 2.532 1.273 11.198
Typical SOC before charging 0.013 0.019 0.024 0.050
Charging the EV at least once a day (versus less frequently) 1.576 1.192 0.761 3.912
Living in a flat or maisonette (versus other accommodation) 1.587 1.251 0.865 4.039
Net annual income lower than £20,000 (or € for Ireland) 1.302 1.230 3.730 1.109
Schedule flexibility 0.222* 0.119 0.010 0.455
Mobility necessity 0.634** 0.255 0.134 1.133
Preplanning travel 0.079 0.223 0.358 0.517
Impulsive parking search � 0.768** 0.292 1.339 0.195
Number of observations� 68
Loglikelihood� 25.639
Mc Fadden pseudo Rsquare� 0.456

People who own the EV also tend to charge only at home, while people that lease the EV or have 
another type of access are more likely to charge in different locations. Finally, respondents that 
reported their daily recharging costs to be zero are associated with a higher likelihood to charge out 
of home, compared to other respondents. It can be assumed that these people don’t recharge the EV 
at home where they have to pay domestic electricity tariff rates, so they use free of charge 
out of home locations. Indeed, there is a significant positive correlation between reported free 
recharging and daily tours that include shopping or leisure activities. In addition, recharging for 
free is positively correlated with pre planning travel activities. 

 The oldest individuals (more than 60 years old) were used as the reference value for this categorical variable and, hence, the 
coefficient was fixed to zero
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The results in Table 3 also suggest a statistically significant effect of the latent constructs in the 
choice of charging location. For example EV drivers that demonstrate an increased flexibility in 
their daily schedule tend to charge out of home, possibly because they are less time sensitive and 
they are not discouraged by long charging durations. Moreover, individuals that are characterized 
by a higher mobility necessity (i.e. perceive their everyday mobility as indispensable) have a 
higher likelihood to perform midday out of home charging events. Mobility necessity can be 
indirectly related with range anxiety since people who are dependent on their cars should be more 
cautious not to run out of battery. This is a potential explanation for a top up of electricity before 
the end of the daily journey. Regarding the parking search strategy, EV drivers that are more 
impulsive (i.e. they have an inclination to search at the last minute) are more likely to charge only 
at home. The uncertain availability of out of home charging infrastructure might be a reason for 
this observed relationship. 
�
4.2 Daily driving distance with EVs�
Likewise, the estimates of the ordered logit regression for the reported driving distance with EVs 
are presented in Table 4. 

TABLE 4 Ordered logit of daily driving distance with an EV �

Parameter Estimate Standard 
error

95% Wald Confidence 
Interval

Lower Upper
Threshold

<7 miles/day 1.689 3.516 5.203 8.581
7 15 miles/day 4.455 3.555 2.512 11.422

Women (versus men) 1.684* 1.016 3.675 0.307
Age less than 40 years old 3.321** 1.563 0.257 6.384
Age 40 60 years old 2.270 1.416 0.505 5.045
Age more than 60 years old 0 Fixed *** ***
Married or having domestic partner (versus non married) 1.381* 0.833 0.252 3.014
Employed (versus student, retired and unemployed) 0.534 1.219 2.924 1.855
Living in London (versus elsewhere in the UK and Ireland) 1.790** 0.761 3.281 0.300
Private access to petrol/diesel vehicle 0.214 0.731 1.646 1.218
Owning the EV (versus leasing the EV or other access type) 1.577* 0.894 3.330 0.176
Driving the EV for more than one year 2.350** 0.745 0.890 3.809
Driving the EV every day (versus less frequently) 1.505* 0.775 0.013 3.023
Typical SOC before charging 0.030* 0.016 0.061 0.001
Charging the EV at least once a day (versus less frequently) 0.507 0.783 1.027 2.042
Living in a flat or maisonette (versus other accommodation) 0.119 1.044 1.926 2.165
Net annual income lower than £20,000 (or € for Ireland) 0.648 0.803 2.222 0.926
Mobility necessity 0.260 0.165 0.063 0.583
Preplanning travel 0.141 0.149 0.152 0.433
Charging the EV out of home 1.259* 0.721 2.671 0.154
Number of observations� 68
Loglikelihood� 44.764
Mc Fadden pseudo Rsquare� 0.343
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The most significant observable predictors of the daily driving distance with the EV are: gender, 
age, marital status, place of residence, vehicle access type, experience with the EV, frequency of 
driving the EV and typical SOC before recharging. Women tend to use their EV for smaller 
distances than men, all else equal. The same correlation with occupational type that was implied 
for the charging location applies here. Moreover, people that belong in the young age group (below 
40 years old) are more likely to drive longer distances with their EV. People that are married or live 
with their partner seem to drive more on a daily basis, while London residents are associated with 
a lower mileage than residents elsewhere in the UK or Ireland. Accessibility to a second 
conventional ICE vehicle has a negative relationship with the EV driving mileage, however, 
contrary to the binary logit model, the effect here is not statistically significant. 

Individuals who own the EV tend to report lower daily driving distances than individuals who 
lease the EV or have another type of access. As expected, experienced EV drivers have a higher 
likelihood, ceteris paribus, to drive more than inexperienced ones. It is safe to assume that driving 
experience alleviates the initial range anxiety, since drivers understand better their driving and 
charging needs as well as the capabilities of their vehicle. Possibly for the same reason, drivers that 
use their EV every day tend to report longer distances, compared to less frequent drivers. Finally, it 
can be observed that there is a negative relationship between daily driving distance and the 
reported SOC that triggers a charging event. This can be attributed again to the “range anxiety” 
effect. If drivers that charge their vehicle frequently (and with high initial SOC) are risk averse, as 
it was speculated in the previous section, there is a potential interrelationship with low driving 
distances. In this case range constraints have an indirect impact both on travel and charging 
behaviour. 

Among the latent factors, it appears that mobility necessity and the tendency to pre plan travel 
activities have a positive relationship with the reported driving distance with an EV. However, both 
parameters are not statistically significant so they are not further commented. On the other hand, in 
the model we control for the dummy variable of charging the EV out of home. As it was found with 
the binary logistic regression, latent factors like mobility necessity or schedule flexibility had a 
statistically significant effect on the charging location choice. Therefore, driving attitudes and 
perceptions could explain the variability in driving distances through the choice of charging 
location, which is indicative of the challenging interrelationships that are derived from the 
adoption of electric vehicles. The negative sign of the out of home charging parameter is less 
intuitive than the other results of Table 4. Normally, a midday top up of the battery would increase 
the range of the vehicle, allowing longer daily journeys to take place. From a different perspective, 
it could be another indicator of range anxiety, leading to a similar explanation with the typical SOC 
before a charging event.  �
�
5. DISCUSSION AND CONCLUSIONS�
In this paper, information of reported travel and charging behaviour is explored for EV drivers, and 
the opportunity to predict the coevolution of travel behaviour (driving distance) and charging 
services (out of home charging) with observable and latent metrics is investigated. The analysis is 
based on two specifications: a binary logistic regression for the choice of charging home vs 
charging out of home and an ordered logit regression for the reported driving distance with the 
EV. The results obtained, suggest that unobservable attitudes towards everyday travel and activity 
participation have a statistically significant effect on charging location. Subsequently, out of home 
charging partially explains the variability of the daily mileage with the EV. In addition to these 
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principal findings, noteworthy relationships were found for sociodemographics (gender, age, 
employment type etc.) and EV related characteristics (type of access, driving experience etc.), 
while various demonstrations of range anxiety were identified. 

These demonstrations vary from qualitative indicators (i.e. the perception of an increased need for 
mobility in order to cover daily requirements) to reported charging preferences (i.e. the typical 
SOC before a charging event or the choice to plug in and recharge at various out of home 
locations, like workplace, shopping facilities or on street). In any case, the implications of range 
anxiety are major. Comprehending this phenomenon is essential for infrastructure planning and the 
proper allocation of charging posts. Moreover, since there is a direct relationship with the 
spatiotemporal distribution of charging demand, it can contribute to determining the bottlenecks in 
the power network and improving the application of smart charging solutions. Out of home 
charging demands the introduction of innovative business models for charging service providers, 
with the ability to capture the driving and charging attitudes dictated by range anxiety. 

One question that is raised is what the behavioural impact will be from the deployment of fast 
charging infrastructure. CHAdeMO Association reports the changes in charging choices after the 
installation of public fast charging units in Tokyo (22). The effective range of the vehicles has 
increased by a factor of seven, indicating that range anxiety has been significantly limited. Drivers 
allowed the SOC of the battery to drop below 50% before they plug in their vehicles, unlike the 
pre installation period when they had the psychological barrier of not reaching their destinations. 
Respectively, this alleviation of range anxiety due to infrastructure availability might lead to a 
reconsideration of out of home charging locations and total distance driven, indicating the tight 
interrelationships between these different factors. 

We believe the evidence reported in the present study is an important contribution to the research 
of charging behaviour. Its main caveat is the modest sample size that limits the generalization of 
the model estimates. As a result, further analysis and cross validation with similar datasets is 
required in order to confirm the preliminary findings presented here. Substituting reported 
charging behaviour with revealed charging behaviour would resolve the data availability issue. 
Nevertheless, privacy laws and competition between charging service providers remains an 
obstacle in the proliferation of information and it is a challenge for researchers to aggregate 
smaller data sources in a meaningful scale. 

Apart from extending and enriching cross sectional data for future analyses, future research could 
address the endogeneity issues described earlier, by using these latent constructs in an Integrated 
Choice and Latent Variable (ICLV) framework. Also, it would be interesting to examine whether 
there is a direction of causality between travel and charging behaviour. The nature of these causal 
mechanisms still remains an open question for research. The first step towards this direction is to 
design panel questionnaires that would allow the implementation of time series model and the 
identification of learning and experience effects.  
 �
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