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A shift to electric vehicles (EV) is seen as one of the main methods to decarbonise the transportation
sector. However, issues have also been raised regarding charging infrastructure, EV reliability and range,
as well as the battery environmental and social credentials. Notwithstanding governments, intergovernmental organisations, and research entities have ploughed ahead to promote this transition, but the
challenge is the uptake and public acceptance. Grants and ﬁnancial subsidies have been developed to
facilitate this shift. Our study investigates the characteristics of the private EV household charger population using a regression model and spatial analysis to determine the inﬂuences of income, car
ownership and economic status on EV take up rates. Data on the installation of EV household chargers
are used in this paper as a proxy for EV ownership, due to data limitations. The results indicate that 1)
urban areas are more likely to see higher concentrations of EV ownership, 2) an income and equity gap
exists between those that have adapted electric mobility. This ﬁnding is very important because it
suggests that lower income categories may have a ﬁnancial barrier to shifting to EVs.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction
Ireland, like many other countries, is struggling to determine
how to reduce emissions from road-based transport. One of the
main policies that has been enacted by the Irish government is to
encourage the electriﬁcation of the private car ﬂeet. Foley et al. [1]
demonstrated that if 10% of the private car ﬂeet in Ireland is converted to electric vehicles (EVs), it could result in considerable
emissions savings. In the recent Climate Action Plan published by
the Irish government, targets for almost a million electric vehicles
by 2030 were announced [2]. The Irish government have an answer
similar to other countries and, like many others, intend to stimulate
the adoption of EVs by using mainly ﬁnancial incentives.
The uptake of EVs is highly dependent on customers’ purchasing
choices which the government seek to inﬂuence by offering a suite
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of supports. The supports include ﬁnancial and non-ﬁnancial incentives, regulatory measures, charging infrastructure development and raising awareness [3,4]. At the same time, measures are
taken to disincentivise fossil-fuelled vehicles. In Ireland, EVs
receive government support through the SEAI Grant Scheme on
purchase, vehicle registration tax relief and toll reduction of
approximately up to V15,000 per vehicle [5]. These supports are
applied to all new vehicle purchases with a limit on the tax breaks
based upon the cost of the EV. The vehicles are also eligible for the
lowest motor tax band and are exempted from fuel excise or carbon
tax. In addition, the government offers a grant of up to V600 for the
installation of home charging points for EVs registered from 2018
onwards. The subsidies for private and commercial vehicles purchases are likewise available across Europe and beyond [6] and
found to have a signiﬁcantly positive effect on EV adoption rates,
however subject to demand elasticity [7]. Other policy incentives,
including scrappage schemes, interest-free loans, access to bus
lanes, speed limit changes, parking incentives or emission linked
congestion charging, applied in some European countries are also
considered for implementation in Ireland [4]. The government also
addresses the consumers need for new fueling arrangements by
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literature review of similar work in the ﬁeld. Section 3 details the
methodology. Section 4 discusses the results. Section 5 concludes
with the key ﬁndings and recommendations.

providing public charging infrastructure. The expansion of the
charging network is an important predictor of EV market share [7].
However, continuous governmental support for public infrastructure development [2] does not pair with the targets of the growing
EV ﬂeet in Ireland. As a result, current EV owners must rely primarily on home charging which accounts for 80% of charging sessions [4].
The Irish government has very ambitious targets for EVs, and by
2030 they aim to have 840,000 passenger cars in the Irish ﬂeet [2].
In 2019, the Irish government published an evaluation of the
ﬁnancial supports and compared them against the beneﬁts of
reduced emissions and air quality improvements. They found
beneﬁt-cost ratios of between 0.144 and 0.203 [5]. This would call
into question the wisdom of the use of public funds to support EV
purchases. However, these ﬁndings are not unique to Ireland, and
similar policies are used internationally. In 2020, EVs made up less
than 5% of new car sales [8]. This shows that Ireland is in a slow
transition to electrify its private car ﬂeet and is slightly higher than
the EU average of 3.5% [9].
Research addressing the transition to EVs is extensive and has
focused on a wide variety of technical and social issues. Regarding
the ﬁrst, for instance, Zhang et al. [10], discuss the advantages and
barriers for the use of thermal management methods of lithium-ion
batteries in EVs, while Xu et al. [11], investigated EVs' batteries
aging and degradation. Others have explored how the deployment
of EVs, in tandem with the large-scale penetration of variable
renewable energy sources, generates technical challenges for power grid balancing. Meanwhile, a number of papers have studied
the impacts of EVs in terms of greenhouse gas emissions and how
this may cause new and prevalent engineering problems [12e14].
Research regarding the social aspects of EVs has focused on themes
ranging from the safety and noise implications of EVs to range
anxiety and economic barriers [15,16]. Unlike previous studies,
therefore, the research presented in this paper examines the factors
that have inﬂuenced the installation of an application for grants for
household EV charging points. In recent years in Ireland, the
number of EV purchases has augmented, increasing, in consequence, the number of household charging point installations. Our
study seeks to determine how income, deprivation, car ownership,
and trip characteristics in areas of Ireland inﬂuence the density of
these household charging points. This is the novelty of the work,
and is unlike previous other work, which has focused on charging
optimization [17], battery [18]and fuel cell performance [19], societal cost [20] and consumer acceptance [21], emissions and energy
[1], and vehicle to grid opportunities [22].
The main motivations for this research were to examine what
relations exist between income and afﬂuence levels and the propensity to own an EV. A key policy question in the rollout of EVs and
other low emission technologies is the equity of affordability and
how policy could be used to ensure a just transition. Ireland, like
many other countries, is grappling with this policy question, and
our research aims to examine the extent to which this problem
exists in Ireland. The research in this paper adds to the body of work
published in this area as it speciﬁcally looks at household charging
locations in Ireland as a case study for other countries. Focusing on
these locations enables the research to examine the density of
households in geographic areas and correlate higher densities with
other variables such as income and afﬂuence. A deprivation index is
utilised in the study, and this contribution allows the researchers to
examine potential equity impacts of the switch to electric mobility.
The research can aid energy policymakers on how to best direct
state aid for switching to electric mobility and ensure a just transition to a greener economy.
The paper contains ﬁve sections. Section 1 introduces and puts
the main motivation for the work in context. Section 2 presents a

2. Literature review
2.1. Equity and income impacts on EV uptake
The concepts of income and political classes impacts upon EV
purchase was examined by Sovacool et al. [23]. In their study, the
team examined preferences across ﬁve European countries and
found that those with higher income levels and living in urban
areas had a greater interest in purchasing EVs. Similar results were
obtained by Kumar and Alok [24], in their research, after an
extensive overview of the literature, the team identiﬁed that income, higher level of education and multiple car ownership are all
key elements that impact upon EV purchase. Others [25,26] have
reported that young women with high income are more prone to
purchase an EV. Opposite results are revealed by Sovacool et al.
[27], suggesting that men, with higher levels of education, having
full-time employment, especially working in civil societies and
academia, and below middle age (30e45), are the most likely to
purchase an EV. Whilst others have identiﬁed that long-distance
commuters [28] and people driving long mileage [29,30] are keen
EV adopters.
Wells [31] found that EV adopters are often wealthy, which may
contribute and exacerbate important aspects of exclusion,
inequality, and poverty. A similar perspective is offered by Sovacool
et al. [23], when they note that electric mobility can contribute to
the weakening elements of distributive justice by making this
service “accessible only to the rich … reinforcing [in consequence]
exclusion and elitism in national planning”. Indeed, other studies
support this view and note that mobility policies do little to address
this issue and caution that without an intentional focus on equity
[32]; may in fact, increase inequality [33]. Injustices, however, are
not limited to electric mobility but instead, they expand across all
sectors of mobility, ranging from rail and aviation services to car
and walking/trips [34].
2.2. Rebates and equity
Globally, policymakers have introduced ﬁnancial purchase incentives to foster the growth of EV markets and, with this, improve
air quality, meet climate target goals and lower energy consumption [35]. For instance, the government of Ireland has promoted the
adoption of EV vehicles through grants and rebates up to V5000
[36]. However, regardless of these incentives, barriers for uptake
may persist for low-income consumers. For instance, Hardman
et al. [35] and Snelling [37] note that to acquire these incentives,
ﬁrst, consumers need to purchase the vehicle, presenting a critical
barrier for those with limited ﬁnancial resources or those who lack
access to credit. On the same vein, Ju et al. [38] argue that for lowerincome consumers, rebate programs for EVs can become even less
accessible if the refund amount does not increase according to income. Indeed, evidence indicates that wealthier consumers are not
only more likely to adopt these vehicles [39] but also, that incentives are not reaching nor designed for the intended consumers
due. DeShazo [40] explains, due to eligibility restrictions, salience
of mechanisms in consumer decision making and the impact of
rebates across consumers and producers. However, rebates that
beneﬁt the wealthier are not exclusive to EV policies, research indicates that in many cases, these instruments although are thought
to aid the middle class and vulnerable groups, in reality, the beneﬁts are often perceived by the wealthy [41].
Supporting these views, Rubin and St. Louis [42] and Ju et al. [38]
2
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What this section illustrates is that at least at the moment, the
deployment of EV vehicles is not only aiming to the wealthier
sectors, but also, the beneﬁts that emanates of these are been
perceived by the same group. Changing the current paradigm is not
an easy task; however, motivations to mass adoption may change if
as suggested by Noel et al. [39] and Zarazua [61], policies centre on
the status and technological elements of EVs rather than on the
environmental beneﬁts.
The research presented in this paper builds upon the previously
published in this ﬁeld. It adds to the body of work by interrogating
the relationships between density of household charging points,
used as a proxy of EV ownership, and income/afﬂuence. The distribution of EV ownership within society reﬂects the inﬂuence of
policy measures introduced by the government. Hence, analysing
the proﬁles of EV owners shed light on the distributive justice of
governmental support. The results of this study provide a valuable
contribution by examining the equity impacts of EV support grants
in Ireland.

assessed California's Clean Vehicle Rebate Project (CVRP) with both
studies showing similar results. They found that the CVRP program
generated greater beneﬁts to wealthier neighbourhoods, with
higher levels of education and with fewer people of colour and
Hispanics. Indeed, research supports these ﬁndings and suggests
that wealthy consumers, those able to buy EVs at their full retail
price, may utilise the most of the incentives [31,43]. The previous
does not mean that incentives are unnecessary, in fact, research
indicates that such instruments will still be needed for a while if we
want to transition to a low-carbon future, however, these do need
to be better designed [27,35]. Ju et al. [38] suggest that equityrelated designs programs must go beyond income cap and
income-tiered rebate amounts if policymakers want to make these
programs “more accessible to those who could beneﬁt the most”.
Indeed, policymakers and regulators are beginning to consider
concerns. For instance, New England has noted that access and
equity are key priorities in the design of electric vehicle programs.
Therefore, the state government has now rolled out incentives with
speciﬁc carve-outs for lower- and moderate-income residents with
a $2.5 million dollar program [44]. Whist the California Air Resources Board [45], approved a $533 million plan to fund clean car
rebates. One of the most impactful changes from this regulation is
that the state will now restrict rebates to qualifying vehicles with a
retail suggested price of $60,000 or less.

3. Data and methods
3.1. Data
In Ireland data collected from the census is broken down into a
number of geographical regions. These regions vary in size the
largest being provinces (4) and the smallest being Small Area
Population Statistics (SAPS) (18,641) [59]. Graphical area used for
the majority of the analysis presented in this paper was at the
electoral district level of which there are 3409 in the Republic of
Ireland. EV charging points have been installed in just under 1400
of these electoral districts in Ireland resulting in approximately 40%
of these areas having one or more household charging points
installed.
The data that was used in this study was provided by the Sustainable Energy Authority of Ireland (SEAI) and relates to household
EV charging points installed between 2018 and the beginning of
2020. Within two years 4611 home chargers were installed, corresponding to 99% of EVs newly registered in the same period in
Ireland [8]. The data that was provided contains information on the
electoral district in which the charging point has been installed and
details on the model of EV and the year in which the dwelling,
where the charging point was installed, was constructed. The data
obtained from SEAI and the data on household characteristics, income and deprivation index values extracted from the Census of
2016 [62], provide the foundations of the research conducted in this
study. The charging location data was used in leu of detailed EV
ownership data as the geographical information of EV owners is not
available in Ireland. In this context, EV charging point data is used
essentially as a proxy of EV ownership.

2.3. Price as a barrier for uptake
Shifting attention away from rebates, research indicates that the
most common barriers impeding the uptake of EVs are those
related with range, charging infrastructure and price [31,39,46,47].
However, given the focus of our study, we will only centre in the
last, since this feature exacerbates exclusion from vulnerable and
low-income communities to advance the uptake of EVs. For
instance, Noel et al. [48] and Berkeley et al. [49] note that a common
barrier for the uptake of EVs is high purchase price. This is further
corroborated by Silvia and Krause [43], when they note that EVs are
considerably more expensive than similar gasoline-powered vehicles. For instance, a Chevrolet Volt and Nissan Leaf prices are between $15,000 to $20,000 more expensive in comparison to
gasoline-powered vehicles. Prices may increase if users want to
install home charging stations (Level 2 residential EVSE) which
adds an additional cost of up to $2000 [50]. In fact, some argue that
these additional costs represent another important barrier for their
uptake [43,51], particularly for those who do not own an apartment
and live in rental accommodation [28,52].
Preferences and intentions to purchase EV are also closely
aligned to those in a more privileged position. For instance, Ensslen
et al. [53] examined EVs' purchasing intentions in France and
Germany, their results show that those with higher level of income
and multiple car ownership are more likely to consider purchasing
an EV. An outdated study [54] found similar results for the UK,
where those with higher income are more likely to consider EVs as
their second vehicle. EVs are also perceived as a status sign that
symbolise luxury in some countries of the Nordic region as illustrated by Refs. [27,55]. Whilst in China, EVs are perceived as a
luxury vehicle and is “thus fast becoming cemented within the Chinese consumer imagination [56]". EV adopters fell in the same
category, for instance, Sovacool et al. [52] reviewed [57e60] and
found that in Canada, USA, Norway and Sweden respectively,
adopters of electric vehicles tend to have higher income compared
to the “normal population”. To close this gap, Hardman et al. [35]
notes that not only campaigns of promotion and awareness must
aim all socio demographic groups, but also economic incentives for
the less privileged groups ought to be designed with longevity in
mind.

3.2. Methods
The research presented in this paper uses two main research
methods. The statistical modelling was conducted using linear
regression modelling and ordinary least squares (OLS) regression
modelling. The linear regression models are used to examine the
relationship between a dependent variable and an independent
variable. The OLS models take a form of a dependent variable
compared against a series of independent variables. These methods
have been widely used in the literature and as such, were deemed
an appropriate way to examine the data gathered [63e66]. We have
applied multiple regression as an explanatory tool to identify the
relative importance of variables in “predicting” the dependent
variable. The explanatory variables with larger regression coefﬁcients were ﬂagged as having a greater inﬂuence on the
3
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Table 1
Description of variables (Dublin Model).
Mean

Std. dev

Min

Max

5.45

7.42

0

66

527.09
389.15
187.07
879.21
326.68
58.75
45.72

504.11
397.90
277.90
1086.19
462.70
80.98
41.43

24
9
0
65
10
2
1

4780
4195
2752
10,845
4423
879
322

Travel time (to work)
Less than 15 min
15e30 min
30e45 min
More than 90 min

594.95
823.54
605.08
45.10

659.63
770.83
568.40
71.25

80
97
79
3

7189
7722
5546
838

Cars per-household
One car
Two Cars
Four or more cars

627.13
400.04
17.12

523.05
478.04
19.85

54
6
0

5235
4508
149

Income
Deprivation Index

V55,106
0.489

V15,443
9.31

V25,627
25.89

V105,943
16.85

Dependant Variable
Number of household charging points
Independent Variables
Means of travel to work
Walk
Bus
Rail
Drive
Drive - Passenger
Van
Working from home

independent variables with little effect on the dependent variable.
In our study, two sets of variables are examined, those applied in
the Dublin area and those in Ireland excluding Dublin. Tables 1 and
2 detail the descriptive statistics of the variables examined. The
independent variables examined in Dublin Model and Rest of
Dublin Model differ as some variables were found to be statistically
signiﬁcant in one region but not in the other. The data provided in
Tables 1 and 2 pertain to the numbers of people or households in
each of the census areas examined that exhibit the characteristics
listed in these tables. Descriptive statistics portray heterogeneity of

dependant variable [66]. In all of the models examined in this paper, the dependent variable is always the number of household
charging points in each electoral area. We have run linear regression models to study how the deprivation index and income inﬂuence the number of charging points, and the outcomes are
presented in section 4.2 Equity and income impacts. The OLS models
estimated in this research examined factors affecting the dependent variable and are detailed in Tables 5 and 6 in section 4.3
Regression analysis. To identify the OLS models with the best
explanatory capacity, we used stepwise regression to remove the

Table 2
Description of variables (Rest of Ireland Model).
Mean

Std. dev

Min

Max

0.92

2.65

0

46

50.90
22.15
68.91
37.62
35.81
2.91

105.13
54.08
140.98
59.07
63.92
4.57

0
0
0
0
0
0

1629
1072
1891
1022
932
73

Means of travel to work
Bus
Drive
Drive - Passenger
Van

60.83
297.81
150.65
35.43

105.01
547.37
276.15
43.16

0
11
0
0

1661
8232
4106
796

Travel time (to work)
Less than 15 min
30e45 min
45e60 min

247.75
102.69
33.50

465.59
195.27
72.58

2
2
0

5795
3344
1501

Cars per-household
Two Cars
Four or more cars

142.08
8.07

236.75
11.07

2
0

3451
164

Income
Deprivation Index

V43,452
5.47

V10,269
5.80

V14,901
35.71

V101,740
14.18

Dependant Variable
Number of household charging points
Independent Variables
Profession
Employers and manager
Higher professional
Non-manual
Manual Skilled
Semi-skilled
Agricultural workers
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data by referring to a minimum and maximum number of people or
households in each category, an average number of them (mean)
and variation among the values (standard deviation).

Table 5
OLS estimations for Dublin.
Variables

Dublin

Constant

3.681 (1.517)**

Means of travel to work
Walk
Bus
Rail
Drive
Drive - Passenger
Van
Working from home

-.009 (.003)***
.010 (.002***
.010 (.002)***
.012 (.003)**
.015 (.002)***
-.050 (.009)***
.022 (.013)**

Travel time (to work)
Less than 15 min
15e30 min
30e45 min
More than 90 min

-.008 (.003)**
-.006 (.002)***
.010 (.003)***
-.031 (.011)***

Cars per-household
One car
Two Cars
Four or more cars

-.006 (.002)***
.023 (.003)***
.027 (.024)***

Income
Deprivation Index

.018 (.046)***
.160 (.002)***

Observations
R-squared

322
.884

4. Analysis of household charging locations
This section of the paper presents the ﬁndings of the research
conducted. The analysis starts by examining the macro level trends
across the country and then examines the relationships between
equity/income and EV ownership. The ﬁnal set up of analysis determines the statistical relationships between a number of socio
economic and geographic attributes and the propensity to adopt
EVs.
4.1. Locations of charging stations
Table 3 details the distribution of household charging points
across the four provinces of Ireland and Dublin, the capital of the
country and the largest population centre. The population and
population density in each of the regions is also contained in
Table 3. A comparison across the data show that Dublin with the
highest and most dense population has the largest number of
household charging stations. Table 4 shows the distribution of the
age of the house that the charging point is in and data from the
2016 Census on the age proﬁle of house in Ireland. Comparing the
two data sources it shows little variation with the exception of the
2011e2020 category. This difference is due to the fact that the
Census was conducted in 2016 and therefore is missing four years
of data on new house builds.
Fig. 1 displays the distribution of the number of charging points
in each of the 1400 electoral districts in Ireland. The range varies
from 1 to 66 charging points in one of these districts with a mean of
3.324 and a standard deviation of 5.127. The distribution shows that
the number of charging points is heavily skewed towards one or
two per electoral area and this is discussed in more detailed in the

Standard error in parenthesis, ***p < 0.01, **p < 0.01, *p < 0.1.

following section.
4.2. Equity and income impacts
This paper seeks to examine these phenomena by examining
what impact hiring comes and relative levels of afﬂuence have
upon the concentrations of charging points in Ireland. To do this a

Table 3
Distribution of private EV charging points.
Population density per (km2)

Population e Census 2016

Province

Number of household
charging points
N

%

N

%

Connacht
Leinster (excluding Dublin)
Dublin
Munster
Ulster
Total

361
1393
1762
966
129
4611

7.8
30.2
38.2
20.9
2.8
100.0

550,688
1,287,044
1,347,359
1,280,020
296,754
4,761,865

11.6
27.0
28.3
26.9
6.2
100.0

31.1
68.2
1461.3
51.9
36.7

Table 4
Number of charging stations by the year housing was built.
Year housing built

Housing with household
charging units
N

%

N

%

Before 1919
1919 to 1945
1946 to 1960
1961e1970
1971e1980
1981e1990
1991e2000
2001e2010
2011e2020
Total

190
166
274
289
557
470
888
1169
608
4611

4.1
3.6
5.9
6.3
12.1
10.2
19.3
25.4
13.2
100.0

141,200
109,668
126,107
116,041
213,473
171,044
240,811
431,763
33,436
1,583,543

8.9
6.9
8.0
7.3
13.5
10.8
15.2
27.3
2.1
100.0

5
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the deprivation index, so it is examined in isolation in this section of
the paper.
Fig. 2a provides a distribution of the number of household
charging points per electoral district as examined in this research.
Almost half of the electoral districts examined had only one of these
charging points. Each dot on this map represents four household
charging points. The concentrations on the map represent each of
the ﬁve cities in Ireland with the largest concentration of charging
points on the right-hand side of the map where Dublin is situated.
Fig. 2b shows the breakdown of the deprivation index across
Ireland and visually comparing the two maps one can see that the
concentrations of charging points tend to be in the more afﬂuent
parts of the country.
Fig. 3a and b provide the same detail as presented in the previous maps but it zoomed in to the County of Dublin to demonstrate
a similar trend as seen in Fig. 2a and b. Fig. 4 Presents the results of a
linear regression between the deprivation index and the number of
charging points. The relationship modelled was found to be statistically signiﬁcant (at the 99% conﬁdence level) and demonstrates
a positive relationship between higher values on the deprivation
index and the number of charging points. This analysis conﬁrms
what is seen in Fig. 2(a and b) and 3 (a,b) that those living in more
afﬂuent areas are more likely to have a household EV charging
station installed.
Average household income in each of the electoral districts is
examined to determine if a relationship similar to that of the
deprivation index exists with income. Fig. 5a and b measure the
relationships between charging locations and average household
income across Ireland. Fig. 6a and b examine the same relationship
but zoomed in to County Dublin in order to appreciate the relationship between the two variables visually. The trends in both sets
of ﬁgures demonstrate, similar to those that measured deprivation,
a relationship between the areas of higher income and the number
of charging stations in those areas. A linear regression was also
conducted between the number of charging stations and the

Table 6
OLS estimations for Ireland (excluding Dublin).
Variables

Rest of Ireland

Constant
Profession
Employers and manager
Higher professional
Non-manual
Manual Skilled
Semi-skilled
Agricultural workers
Means of travel to work
Bus
Drive
Drive - Passenger
Van
Travel time (to work)
Less than 15 min
30e45 min
45e60 min
Cars per-household
Two Cars
Four or more cars
Income
Deprivation Index
Observations
R-squared

.073 (.198)**
.006 (.002)***
.005 (.001)***
-.004 (.002)***
.005 (.002)**
.015 (.004)***
-.013 (.005)***
.002 (.001)***
.014 (.004)***
.003 (.009)***
-.016 (.011)***
-.001 (.000)***
-.003 (.001)***
.010 (.004)***
.015 (.002)***
.017 (.006)***
.026 (.021)**
.010 (.011)**
3087
.844

Standard error in parenthesis, ***p < 0.01, **p < 0.01, *p < 0.1.

deprivation index which is derived from the Census was used to
measure relative afﬂuence/deprivation. This deprivation index uses
factors such as social class, education levels, employment and
household types to derive an overall index [67]. Negative and low
values are used to indicate areas in Ireland's that are said to be
deprived whereas the positive values represent the more afﬂuent
parts of the country. In the following analysis income is also
examined to see what impact that has upon concentrations of
charging stations. It should be noted that income is not included in

Fig. 1. Distribution of household charging points.
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Fig. 2. a: Household EV charging locations. b: Deprivation index.

Fig. 3. a: Household EV charging locations - Dublin. b: Deprivation index - Dublin.

was the high concentration of charging points in Dublin compared
to the rest of Ireland, that is when a full model was run of all of the
data (with that segregation) very few of the variables examined
were found to be statistically signiﬁcant and ﬁnally the differences
in transportation options in Dublin compared to the rest of Ireland
and the residential densities as discussed previously.
Table 5 contains a number of independent variables that were
found to be statistically signiﬁcant when estimated in an OLS model
with the number of charging points as the dependent variable for
Dublin. The main variables that were found be signiﬁcant related
mainly to means of travel to work, travel time to work and the
number of vehicles per household. The results show that areas with

average household income per electoral district and the results of
which can be found in Fig. 7. The relationship between these variables was found to be positive and statistically signiﬁcant at the
99% level.
4.3. Regression analysis
This section of the paper presents the results conducted of the
OLS regression analysis. The analysis in this action is split between
Dublin and the rest of Ireland similar to the analysis presented in
the previous section. The decision to split the analysis between the
two regions was done due to a number of reasons. The ﬁrst reason
7
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Fig. 4. Linear regression of depravation index and number of household charging points.

Fig. 5. a: Household EV charging locations. b: Average Household Income.

income and deprivation and the density of household charging
points. These relationships concur with those found in previous
sections of the paper in that areas that are more afﬂuence with
higher levels of income are more likely to have a greater density of
household charging points.
Table 6 details the independent variables that were found to be
statistically signiﬁcant in an OLS model with the number of
household charging points as the dependent variable for Ireland
excluding Dublin. In this model a larger number of variables were
found to be statistically signiﬁcant and interestingly profession and
travel time to work were found to show a strong relationship. The
results showed that those areas would have larger numbers of

high levels of domestic charging points are more likely to have
greater numbers working from home, driving to work or as a passenger in a car. The results also show a negative relationship between areas with high numbers walking to work and driving to
work using a van and the number of charging points per area. The
estimate also showed that those areas with an average travel time
with of 30e45 min s were more likely to have a larger number of
charging stations. Car ownership is also found to have a statistically
signiﬁcant relationship and those living in areas with two or four or
more cars were, unsurprisingly, in areas with a higher density of
charging points. The ﬁnal two variables examined in the model
presented in Table 5 demonstrates a positive relationship between
8
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Fig. 6. a: Household EV charging locations - Dublin. b: Average Household Income - Dublin.

Fig. 7. Linear regression of average household income and domestic charging points.

5. Conclusions and policy implications

individuals in the higher professional working groups were shown
to have a positive relationship. The results for travel to work
showed a similar relationship to that found in the Dublin model in
that areas with large numbers of drivers and passengers in cars had
a positive relationship with the dependent variable and a similar
pattern was also found for travel time. Car ownership in this model
is also found to have similar relationship with areas with larger
numbers of cars per households more likely to have a higher density of charging points. The income and deprivation variables also
showed that areas with higher levels of income and higher afﬂuence were more likely to have greater numbers of household
charging points.

Our paper presents new ﬁndings on the equity and income
impacts of EV adoption in Ireland. Our study is one of the few to
examine the equity impacts of EV adoption rates using a national
indicator for afﬂuence and in doing so builds upon the previous
work in this ﬁeld. The paper also examines the locations of
household charging points that have received a state grant to cover
the majority of the cost of the installation. Our ﬁndings demonstrate a correlation between high income and afﬂuent areas and the
density of household EV charging points. This is perhaps not that
surprising given the high costs of purchasing a new EV compared to
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a non-EV. The research also shows that the areas with higher
numbers of EV charging points also have higher levels of car
ownership, suggesting that the EV may be the second or third car in
the household. The analysis also suggests, speciﬁcally in Dublin,
that areas with higher levels of charging points are also areas with
higher levels of public transport usage.
Our research challenges the current model of providing support
grants for household charging installations. Moreover, our ﬁndings
suggest grants are most prominent in afﬂuent, urban areas with
high levels of public transport usage and/or availability. Similarly,
Carroll et al. [68] has shown that there are signiﬁcant pockets of
forced car ownership in Ireland and that in these pockets, mainly in
rural areas, there are considerably fewer public transport alternatives. Based in our results, we suggest that current grants for EVs
privilege high-income people. Therefore, we argue that the engineering technical grid enhancements will only be affected in
wealthy neighbourhoods, leaving low-income and other marginalised groups behind towards the transition to an EV future. As
Schwanen [69] simply put it, EVs ‘remain luxury goods'.
The ﬁndings of this paper add to the policy debate in this area.
They show that in Ireland, a country with low take up rates for EVs,
the current policy seems to be only taken up by those in more
afﬂuent areas with higher incomes. This has the potential of having
an impact upon equity and just transition; as if the price of traditional fuels increase, such policies could have a disproportionate
impact upon those living in deprived areas with lower income
levels. Gapping this equity gap is an area requiring further research
into what policies could be enacted to mitigate against this
disparity.
Some alternative policies having a high impact on the adoption
of EVs but a reduced adverse effect on social equity are being discussed for potential implementation in Ireland and are currently
offered by some governments [4]. For instance, free-interest loans
for a new EV purchase, already available in Scotland, or other plans
allowing for a longer repayment period, give customers with low
upfront capital access to the cheaper running cost of EVs and other
incentives. Alternatively, grants for commercial vehicles, which
tend to have a higher turnover, can facilitate the development of
the second-hand market and increase EVs’ affordability. A grant
scheme for taxis and other small public service vehicles was
recently (2021) introduced in Ireland. Such initiatives are expected
to mature the EV market and bring price parity closer in time
through exposure to technology.
However, we argue that none of the policies aiming at private
vehicle ﬂeet growth will sufﬁciently address equity concerns. A
growing body of literature [23,68,70,71] points out at various societal problems caused by car dependence, ranging from forced car
ownership, lack of travel options and insufﬁcient public transport
provision for households without a car to high trafﬁc volumes and
congestion affecting users of active travel modes. Only transforming how we travel can reduce transport inequalities. Therefore,
it is advisable to increase the support for sustainable and inclusive
mobility strategies, such as shifting to walking, cycling and
affordable public transport, reducing the demand for travel through
compact development and enhancing rural accessibility as envisioned in the governmental plans [72e74].

Declaration of competing interest
The authors declare that they have no known competing
ﬁnancial interests or personal relationships that could have
appeared to inﬂuence the work reported in this paper.
Acknowledgements
The authors would like to thank the Sustainable Energy Authority of Ireland for providing the data used in the analysis presented in this paper.
References
 Gallacho
ir B. Impacts of electric vehicle charging
[1] Foley A, Tyther B, Calnan P, O
under electricity market operations. Appl Energy 2013;101:92e102.
[2] Department of the Environment. Climate and Communications. Climate action
plan 2021: Securing our future. 2021. https://www.gov.ie/en/publication/
6223e-climate-action-plan-2021/. [Accessed 13 December 2021].
[3] Coffman M, Bernstein P, Wee S. Electric vehicles revisited: a review of factors
that affect adoption. Transport Rev 2017;37(1):79e93.
[4] Department of Transport. Electric vehicle policy pathway. Working Group
Report 2021. 2021, https://www.gov.ie/en/publication/e62e0-electricvehicle-policy-pathway/. [Accessed 7 December 2021].
[5] Department of Public Expenditure and Reform. Spending review 2019: incentives for personal electric vehicle purchase. 2019. https://assets.gov.ie/
25107/eb5a541e3b614c94a3e47c8d068e72c9.pdf. [Accessed 4 June 2021].
[6] European Automobile Manufacturers' Association. Overview e electric vehicles: tax beneﬁts & purchase incentives in the European Union. 2020. https://
www.acea.auto/ﬁles/Electric_vehicles-Tax_beneﬁts_purchase_incentives_
European_Union_2020.pdf. [Accessed 7 December 2021].
[7] Sierzchula W, Bakker S, Maat K, van Wee B. The inﬂuence of ﬁnancial incentives and other socio-economic factors on electric vehicle adoption. Energy
Pol 2014;68:183e94.
[8] Society of the Irish Motor Industry. Purchase statistics. 2021. https://stats.
beepbeep.ie/. [Accessed 5 January 2021].
[9] European Energy Agency. https://www.eea.europa.eu/data-and-maps/
indicators/proportion-of-vehicle-ﬂeet-meeting-5/assessment. [Accessed 4
June 2021].
[10] Zhang X, Li Z, Luo L, Fan Y, Du Z. A review on thermal management of lithiumion batteries for electric vehicles. Energy 2022;238:121652.
[11] Xu B, Shi J, Li S, Li H, Wang Z. Energy consumption and battery aging minimization using a Q-learning strategy for a battery/ultracapacitor electric
vehicle. Energy 2021;229:120705.
v JR. Simulation of the impacts on carbon dioxide emis[12] Teixeira ACR, Sodre
sions from replacement of a conventional Brazilian taxi ﬂeet by electric vehicles. Energy 2016;115:1617e22.
[13] Ji S, Cherry CR, Bechle MJ, Wu Y, Marshall JD. Electric vehicles in China:
emissions and health impacts. Environ Sci Technol 2012;46(4):2018e24.
[14] Manjunath A, Gross G. Towards a meaningful metric for the quantiﬁcation of
GHG emissions of electric vehicles (EVs). Energy Pol 2017;102:423e9.
[15] Carlsson F, Johansson-Stenman O. Costs and beneﬁts of electric vehicles.
J Transport Econ Pol 2003;37(1):1e28.
[16] Cocron P, Krems JF. Driver perceptions of the safety implications of quiet
electric vehicles. Accid Anal Prev 2013;58:122e31.
[17] Miranda MHR, Silva FL, Lourenço MAM, Eckert JJ, Silva LCA. Electric vehicle
powertrain and fuzzy controller optimization using a planar dynamics
simulation based on a real-world driving cycle. Energy 2022;238:121979.
[18] Zhang X, Li Z, Luo L, Fan Y, Du Z. A review on thermal management of lithiumion batteries for electric vehicles. Energy 2022;238:121652.
[19] Dimitrova Z, Bou Nader W. PEM fuel cell as an auxiliary power unit for range
extended hybrid electric vehicles. Energy 2022;239:121933.
[20] Lopez NS, Tria LA, Tayo LA, Cruzate RJ, Oppus C, Cabacungan P, Isla I, Ansay A,
Garcia T, Cabarrubias-Dela Cruz K, Biona JBM. Societal cost-beneﬁt analysis of
electric vehicles in the Philippines with the inclusion of impacts to balance of
payments. Renew Sustain Energy Rev 2021;150:111492.
[21] Tarroja B, Hittinger E. The value of consumer acceptance of controlled electric
vehicle charging in a decarbonizing grid: the case of California. Energy
2021;229:120691.
[22] Wu W, Lin B. Beneﬁts of electric vehicles integrating into power grid. Energy
2021;224:120108.
[23] Sovacool BK, Kester J, Noel L, Rubens GZ. Energy injustice and Nordic electric
mobility: inequality, elitism, and externalities in the electriﬁcation of vehicleto-grid (V2G). Transport Ecol Econ 2019a;157:205e17.

Author credit
Brian Caulﬁeld: Conceptualization, Methodology, Software,
Validation, Formal analysis, Investigation, Resources, Data curation,
Writing e original draft, Writing e review & editing, Visualization,
Supervision, Project administration, Funding acquisition, Dylan
Furszyfer: Conceptualization, Methodology, Software, Validation,
Formal analysis, Investigation, Writing e original draft, Writing e
10

B. Caulﬁeld, D. Furszyfer, A. Stefaniec et al.

Energy 248 (2022) 123588
Transport Environ 2018;68:466e80.
[50] Energy Efﬁciency and renewable energy. Charging at home. Dep Energy;
2020.
https://www.energy.gov/eere/electricvehicles/charging-home.
[Accessed 29 September 2020].
[51] Barter GE, Tamor MA, Manley DK, West TH. The implications of modelling
range and infrastructure barriers to battery electric vehicle adoption. 2014.
Livermore.
[52] Sovacool BK, Lipson MM, Chard R. Temporality, vulnerability, and energy
justice in household low carbon innovations. Energy Pol 2019c;128:495e504.
[53] Ensslen A, Paetz AG, Babrowski S, Jochem P, Fichtner W. On the road to an
electric mobility mass market: how can early adopters be characterised?. In:
Markets and policy measures in the evolution of electric mobility. Lecture
notes in mobility. Springer Cham; 2016. p. 21e51.
[54] Skippon S, Garwood M. Responses to battery electric vehicles: UK consumer
attitudes and attributions of symbolic meaning following direct experience to
reduce psychological distance. Transport Res Transport Environ 2011;16:
525e31.
[55] Noel L, Sovacool BK, Kester J, Rubens GZ. Conspicuous diffusion: theorising
how status drives innovation in electric mobility. Environ Innov Soc Trans
2019b;31:154e65.
[56] Tyﬁeld D, Zuev D, Li P, Urry J. Low carbon innovation in Chinese urban
mobility: Prospects, politics and practices. 2015. Lancaster.
[57] Axsen J, Goldberg S, Bailey J. How might potential future plug-in electric
vehicle buyers differ from current "Pioneer" owners? Transport Res Transport
Environ 2016;47:357e70.
[58] Neubauer J, Brooker A, Wood E. Sensitivity of battery electric vehicle economics to drive patterns, vehicle range, and charge strategies. J Power Sources
2012;209:269e77.
[59] Nilsson M, Nykvist B. Governing the electric vehicle transition: near term
interventions to support a green energy economy. Appl Energy 2016;179:
1360e71.
[60] Vassileva I, Campillo J. Adoption barriers for electric vehicles: experiences
from early adopters in Sweden. Energy 2017;120:632e43.
[61] Zarazua de Rubens G. Who will buy electric vehicles after early adopters?
Using machine learning to identify the electric vehicle mainstream market.
Energy 2019;172:243e54.
[62] Central Statistics Ofﬁce. Census 2016 small area population statistics. 2020.
https://www.cso.ie/en/census/census2016reports/
census2016smallareapopulationstatistics/. [Accessed 21 September 2020].
€ The role of psychological factors on vehicle kilometer
[63] Hasan S, Simsekoglu O.
travelled (VKT) for battery electric vehicle (BEV) users. Res Transport Econ
2020;82:100880.
[64] Yan S. The economic and environmental impacts of tax incentive for battery
electric vehicles in Europe. Energy Pol 2018;123:53e63.
r F, Trosvik L. Electric vehicle adoption in Sweden and the impact of local
[65] Egne
policy instruments. Energy Pol 2018;121:584e96.
[66] Neaimeh M, Salisbury SD, Hill GA, Blythe PT, Scofﬁeld DR, Francfort JE. Analysing the usage and evidencing the importance of fast chargers for the
adoption of battery electric vehicles. Energy Pol 2017;108:474e86.
[67] Haase T, Pratschke J. The 2016 Pobal HP deprivation index for small areas (SA).
2017.
http://trutzhaase.eu/wp/wp-content/uploads/The-2016-Pobal-HPDeprivation-Index-Introduction-07.pdf. [Accessed 5 January 2021].
[68] Carroll P, Benevenuto R, Caulﬁeld B. Identifying hotspots of transport disadvantage and car dependency in rural Ireland. Transport Pol 2021;101:46e56.
[69] Schwanen T. Achieving just transitions to low-carbon urban mobility. Nat
Energy 2021;6:685e7.
[70] Mullen C, Marsden G. Mobility justice in low carbon energy transitions. Energy Res Social Sci 2016;18:109e17.
[71] Mattioli G. Forced car ownership" in the UK and Germany: socio-spatial
patterns and potential economic stress impacts. Soc Incl 2017;5(4):147e60.
[72] Department of Transport. Sustainable mobility policy review: active travel.
2020.
https://www.gov.ie/en/publication/6f306-active-travel-in-ireland/.
[Accessed 9 December 2021].
[73] Department of Transport. Five cities demand management study. 2021.
https://www.gov.ie/en/publication/c6571-ﬁve-cities-demand-managementstudy/. [Accessed 9 December 2021].
[74] Department of Rural and Community Development. Our rural future: rural
development policy 2021-2025. 2021. https://www.gov.ie/en/publication/
4c236-our-rural-future-vision-and-policy-context/. [Accessed 9 December
2021].

[24] Kumar RR, Alok K. Adoption of electric vehicle: a literature review and
prospects for sustainability. J Clean Prod 2020;253:119911.
bana-Cabanillas F. Po[25] Higueras-Castillo E, Molinillo S, Coca-Stefaniak JA, Lie
tential early adopters of hybrid and electric vehicles in Spain: towards a
customer proﬁle. Sustainability 2020;12:4345.
[26] Lin B, Wu W. Why people want to buy electric vehicle: an empirical study in
ﬁrst-tier cities of China. Energy Pol 2019;112:233e44.
[27] Sovacool BK, Kester J, Noel L, Rubens GZ. The demographics of decarbonising
transport: the inﬂuence of gender, education, occupation, age, and household
size on electric mobility preferences in the Nordic region. Global Environ
Change 2018;52:86e100.
[28] Mukherjee SC, Ryan L. Factors inﬂuencing early battery electric vehicle
adoption in Ireland. Renew Sustain Energy Rev 2020;118:109504.
€tz P, Schneider U, Globisch J, Dütschke E. Who will buy electric vehicles?
[29] Plo
Identifying early adopters in Germany. Transport Res Part A Policy Pract
2014;67:96e109.
[30] Sovacool BK, Kester J, Noel L, Zarazua de Rubens G. Income, political afﬁliation,
urbanism and geography in stated preferences for electric vehicles (EVs) and
vehicle-to-grid (V2G) technologies in Northern Europe. J Transport Geogr
2019b;78:214e29.
[31] Wells P. Converging transport policy, industrial policy and environmental
policy: the implications for localities and social equity. Local Econ 2012;27:
749e63.
[32] Cohen S, Shirazi S. Can we advance social equity with shared, autonomous and
electric vehicles?. 2017. Los Angeles.
[33] Banister D. Today's transport policy beneﬁts the rich more than the poor.
Inequal Transp; 2018a. https://www.inequalityintransport.org.uk/bookauthor/news-blog/todays-transport-policy-beneﬁts-rich-more-poor.
[Accessed 1 January 2020].
[34] Banister D. Inequality in transport. Oxford: Alexandrine Press; 2018b.
[35] Hardman S, Chandan A, Tal G, Turrentine T. The effectiveness of ﬁnancial
purchase incentives for battery electric vehicles: a review of the evidence.
Renew Sustain Energy Rev 2017;80:1100e11.
[36] Sustainable Energy Authority of Ireland. Electric vehicle grant values. 2017.
Dublin.
[37] Snelling A. Evaluation of state plug-in electric vehicle purchase incentive
programs: what drives vehicle uptake. Johns Hopkins University; 2018.
[38] Ju Y, Cushing LJ, Morello-Frosch R. An equity analysis of clean vehicle rebate
programs in California. Clim Change 2020;162:2087e105. https://doi.org/
10.1007/s10584-020-02836-w.
[39] Noel L, Carrone AP, Jensen AF, Rubens GZ, Kester J, Sovacool BK. Willingness to
pay for electric vehicles and vehicle-to-grid applications: a Nordic choice
experiment. Energy Econ 2019a;78:525e34.
[40] DeShazo JR. Improving incentives for clean vehicle purchases in the United
States: challenges and opportunities. Rev Environ Econ Pol 2016;10:149e65.
[41] Sachs JD. Needed: a ﬁscal framework, not a stimulus. Sci Am 2009;300:34.
[42] Rubin D, St-Louis E. Evaluating the economic and social implications of
participation in clean vehicle rebate programs: who's in, who's out? Transport
Res Rec 2016;2598:67e74.
[43] Silvia C, Krause RM. Assessing the impact of policy interventions on the
adoption of plug-in electric vehicles: an agent-based model. Energy Pol
2016;96:105e18.
[44] Totten S. New England aims to ensure electric vehicle rebates aren't just for
wealthy. Energy News; 2019. https://energynews.us/2019/09/11/northeast/
new-england-aims-to-ensure-electric-vehicle-rebates-arent-just-forwealthy/. [Accessed 29 September 2020].
[45] California Air Resources Board. CARB approves $533 million funding plan for
clean transportation investment. Calif Gov; 2019. https://ww2.arb.ca.gov/
news/carb-approves-533-million-funding-plan-clean-transportation-investments. [Accessed 29 September 2020].
€unl T, Harries D, McHenry M, Wager G. Determining the optimal electric
[46] Bra
vehicle DC-charging infrastructure for Western Australia. Transport Res
Transport Environ 2020;84:102250.
[47] Lee ZJ, Pang JZF, Low SH. Pricing EV charging service with demand charge. Elec
Power Syst Res 2020;189:106694.
[48] Noel L, Zarazua de Rubens G, Kester J, Sovacool BK. Understanding the sociotechnical nexus of Nordic electric vehicle (EV) barriers: a qualitative discussion of range, price, charging and knowledge. Energy Pol 2020a;138:111292.
[49] Berkeley N, Jarvis D, Jones A. Analysing the take up of battery electric vehicles:
an investigation of barriers amongst drivers in the UK. Transport Res

11

