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Abstract
The expansion of the public charging infrastructure for electric vehicles is seen as central to the
development of electric mobility in many countries. Although national studies of charging
infrastructure utilization based on real-world data would be a sound basis for demand planning,
such studies are scarce. Using Switzerland as an example, this study examines the spatial and
temporal patterns of charging infrastructure utilization. To this end, detailed, nationwide,
real-time utilization data from 3086 electric vehicle supply equipment units (EVSEs) at electric
vehicle charging stations were collected over a period of several months and analyzed exploratively
and statistically. The maximum average utilization rate of the EVSEs surveyed during the study
period is between 14% and 16%, depending on the day of the week and time of day. Most charging
occurs Monday through Friday during peak working hours and on Saturday during the day. The
median utilization time is higher in the largest cities than the statewide average. Charging stations
along major transit routes do not have higher utilization rates than in other locations. The results
suggest that public charging infrastructure is used primarily in cities and agglomeration during
work hours. The findings from this study may help plan and make better use of funding to expand
charging infrastructure.

1. Introduction

Many countries promote the expansion of electric mobility to save energy and reduce CO2 emissions
(Fritz et al 2019, International Energy Agency (IEA) 2020, Märtz et al 2021). In this context, the rapid expan-
sion of public charging infrastructure is seen as key to the development of electric mobility (Harrison and
Thiel 2017). Various studies have shown that the availability of charging infrastructure can positively influence
the adoption of electric vehicles (e.g., Mersky et al 2016, Narassimhan and Johnson 2018). Based on scenario
calculations, the IEA estimates that the global number of private and public charging stations could increase
from 7.3 million in 2019 to 146 million (stated policy scenario) or to 261 million (sustainable development
scenario) by 2030 (IEA 2020).

The development of public charging infrastructure requires high investment costs, which should be used
as efficiently as possible (Hecht et al 2020). Therefore, a large proportion of studies on charging infrastructure
deal with the need for and planning of charging infrastructure. Reviews of such studies have been provided
by Hardman et al (2018) and Funke et al (2019). A common question in these studies is how much charging
infrastructure is needed in a given area and where charging infrastructure should be built. A subset of these
studies examines user preferences about charging infrastructure. For example, based on a literature review
of such studies, Hardman et al (2018) showed that the most important place for charging electric vehicles is
at home, followed by the workplace and publicly accessible locations. Mathematical optimization models are
frequently used to plan charging stations’ optimal quantity and locations (Deb et al 2018).

Indirect data is often used instead of real-world data from charging stations to determine the demand for
charging infrastructure. Hardinghaus et al (2020) identified four data sources for such studies: (1.) GPS (global
position system) data from vehicles, (2.) data loggers in vehicles, (3.) non-geographic user preference surveys,
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and (4.) a combination of data sources such as historical travel data, weather data, business data, and travel
distances. For example, Cai et al (2014) used GPS data from a taxi fleet in Beijing to determine the optimal
locations of charging stations. Weldon et al (2016) used data from vehicle data loggers and GPS data to analyze
charging behavior in Ireland. Brady and O’Mahony (2016) modelled electric vehicle daily travel and charging
profiles based on GPS travel data (4021 driving days) from an Irish nine-month electric vehicle demonstration
project. Wood et al (2017) created scenarios for charging infrastructure needs in the US using data on electric
vehicle registrations and travel times, and assumptions on range and the frequency of longer trips. Globisch
et al (2019) investigated user preferences of drivers in Germany using online surveys. Pevec et al (2018) used
business data on charging infrastructure, geographic data, and driving distances to plan charging stations in
the Netherlands. Based on travel survey data in combination with electric vehicle data recorded in a UK trial
in 2016, Crozier et al (2021) modelled charging behaviour for network capacity estimation.

Studies based on indirect data often provide only limited information on the actual charging demand.
Therefore, various authors have emphasized the need for real-world data from charging stations as a basis
for planning charging infrastructure. The majority of such studies exist for individual cities or regions. For
example, Wolbertus et al (2018) analyzed the use of charging infrastructure in four Dutch cities. They eval-
uated extensive data from a total of six million charging events from 64 000 electric vehicle users. Yun et al
(2019) analyzed real-time data from 90% of charging stations in Shanghai for charging infrastructure plan-
ning. Hardinghaus et al (2020) studied the spatial distribution of charging stations and their demand for the
city of Berlin. For the usage analysis, the authors used data from 221 charging stations with 50 491 charging
events. Furthermore, Siddique et al (2022) focused on data analysis of 189 864 charging sessions collected over
13 months from 821 ChargePoint charging stations in Illinois.

Local studies can often explain local charging patterns very well. However, it is unclear to what extent the
results of these studies can be generalized to entire countries. Nationwide studies based on empirical charging
data are scarce. For example, Neaimeh et al (2017) analyzed relationships between driving distances and fast
and standard charging for the US/UK. They used nationwide data from 90 000 fast charging events and electric
vehicle trip data. The results show a positive impact of fast charging events on the use of battery electric vehicles
(BEVs, also known as all-electric vehicles). Flammini et al (2019) analyzed 400 000 charging transactions in
the Netherlands. Their results show, among others, that 50% of recharges last less than four h and that usage
depends on the spatial location of charging stations. Hecht et al (2020) analyzed data from 26 951 connectors
(power connections for electric vehicle charging) of public charging stations in Germany. The results show
that charging station utilization rates range from 15% to 20%, with marked variations by day of the week and
time of day. They also show that charging stations are often occupied longer than necessary because they are
used as parking spaces.

Other studies discuss or calculate scenarios with low utilization rates, e.g. Yi et al (2020), Yun et al (2019)
or Muratori et al (2021), without measuring exact real-world utilization for charging stations.

Another line of research focuses on socioeconomic inequalities in access to public charging stations and
rebates in California. Hsu and Fingerman (2021) find that groups with lower median incomes linked to racial
and ethnic factors are significantly less likely to have access to public charging stations. Guo and Kontou (2021)
examine the horizontal and vertical aspects of equity analysis associated with spatial patterns in electric vehicle
rebates.

We identified a research gap from the limited number of nationwide studies on charging infrastructure
usage based on real-world data. Based on real-world data on charging infrastructure usage, we wanted to
address two research questions: (1.) what is the level of utilization of public charging infrastructure across
Switzerland? and (2.) what spatial and temporal utilization patterns can be observed in Switzerland? By answer-
ing these questions, this study delivers relevant information for public and company decision-makers with
regard to planning, deploying and managing the existing and supplementary infrastructure. This is crucial,
because these decisions are associated with large investments and have a long-term influence on adapting
electric mobility. When this study was conducted, no nationwide analysis of public charging infrastruc-
ture utilization was available for Switzerland. As of December 2021, 4.7 million passenger cars were regis-
tered in Switzerland, of which 2.4% were plug-in electric vehicles (PEVs) (Swiss Federal Statistical Office
(SFSO 2021)). Government funding in Switzerland supports the development of charging infrastructure (Swiss
Federal Department of the Environment, Transport, Energy and Communications (DETEC 2021)).

The analyses in this study were carried out using explorative and statistical methods. The results provide
new insights into the use of public charging infrastructure in Switzerland. This study is structured as follows:
section 2 below describes the data basis, the data preparation, and the procedure for the exploratory and sta-
tistical analyses. In section 3, we present and discuss the results. In section 4, finally, we draw conclusions and
derive recommendations for action.
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2. Data and methodology

2.1. Data
Following the data structure of the Open InterCharge Protocol (OICP 2018), the most widely implemented
communication standard between electro mobility service providers and charge point operator (CPO) sys-
tems, this paper distinguishes between charging stations, electric vehicle supply equipment units (EVSEs), and
connectors. An EVSE consists of a pillar with one or more connectors. Only one connector can be active per
EVSE at any one time. A charging station has one or more EVSEs. The data used in this study comes from
the Swiss platform www.recharge-my-car.ch. This platform is part of the data infrastructure electromobility
(DIEMO) project and was built by different CPOs, the Swiss Platform for Energy Efficiency and Renewable
Energy (EnergieSchweiz), the Swiss Federal Office of Topography (swisstopo), and the Swiss Federal Office of
Energy (SFOE).

The data is freely available and provided for web applications and information purposes via a web service
in two JavaScript Object Notation (JSON) files. The first file contains information about the charging stations.
This information includes spatial coordinates, municipality number, postal code, street name, house number,
the operator’s name, the EVSEs, and information about the connectors of EVSEs (number, type, and charging
capacity). The second file contains real-time information on the utilization status of the EVSEs using the cat-
egories available, occupied, out-of-service or unknown. The utilization status is reported per EVSE. A unique
ID is used for each charging station and EVSE to link charging station data to utilization data.

Not all CPOs provided continuous data during the study period, from September to December 2021.
Inquiries with the SFOE revealed the causes to be data transmission problems but also outages, and main-
tenance work. We decided not to collect a complete time series of utilization data to address this issue. Instead,
data were collected for individual weeks with high availability of utilization data. Specifically, data were col-
lected for two weeks in September (01–14.09), one week in October (18–24.10), and two weeks in December
(09–22.12). Data were collected using automated server requests at five-minute intervals.

Shapefiles of the building zones were used to investigate the relationship between the utilization rates, uti-
lization times and local land-use. Data on building zones were obtained from the Swiss Federal Office for Spatial
Development (ARE 2017). Building zones include: residential zones, mixed residential/workplace zones, work-
place zones, center zones, other building zones (zones for tourism, public use, recreation and traffic which where
combined because of its small size) and outside building zones. Shapefiles of the transit road network were used
to analyze the utilization rates on transit roads compared to other locations. Road data were obtained from
the Swiss Federal Roads Office (FEDRO 2021).

2.2. Methodology
The preparation and analysis of the data and the graphical representation of the results were done with the help
of the statistical software R (R Core Team 2021). The data from the JSON files were first structured. Since the
study focuses on the national territory of Switzerland, charging stations outside of Switzerland were excluded.
At the time of the study, data from 3279 charging stations with 6615 EVSEs were available for Switzerland. The
data came from various CPOs, the six largest of which operate between 250 and 2300 EVSEs. A number of 14
CPOs provided real-time data on EVSE utilization during the study period. Figure 1 shows an overview map
of charging stations in Switzerland based on the data.

We considered only EVSEs with available or occupied status information, but not EVSEs with out-of-service
or unknown status. In addition, we considered only EVSEs that provided complete utilization status data at
all the times under investigation. For about 1% of the EVSEs, we found 100% utilization over the entire study
period. These EVSEs were also excluded because we assumed they were special cases or data errors. These
restrictions reduced the number of EVSEs considered for analysis to 3086. The dataset included 31 million
records (3086 EVSEs × 288 status queries per day × 35 days).

Exploratory data analysis methods were used to examine the data. Exploratory analysis of spatial and tem-
poral data focuses on analyzing patterns and relationships in the data (Andrienko and Andrienko 2006). For
the analysis, we were interested in the utilization rates of the EVSEs. We defined the utilization rate of an EVSE
as the proportion of status queries yielding occupied compared to the total of all status queries for that EVSE
during the study period. We obtained the mean utilization rates by aggregating the status information for
defined temporal and spatial units.

In the analysis of temporal patterns, we examined the differences in utilization rates by week, day of the
week, hour of the day and utilization times of EVSEs. In analyzing spatial patterns, we examined the utilization
rates, and utilization times at the charging station level, building zone level and municipality level. Charg-
ing stations were used instead of EVSEs for the statistical analyses because EVSEs within charging stations
may show group structures, violating the assumption of independence of observations in the statistical tests
(Chambers and Hastie 1992, Hollander et al 2013). Structural, socio-economic and demographic variables
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Figure 1. Overview of public charging station locations in Switzerland. Dots represent charging stations for which utilization
data are not available for this study (blue) and for which utilization data are available (green). Color brightness of green dots
increases proportional to their utilization rate over the study period. Basemap: ©Stamen Design, under CC BY 3.0. Data by
OpenStreetMap, under ODbL.

were used to examine the relationships between utilization rates, utilization times and municipality charac-
teristics. The municipality characteristics along with their collection years are shown in table 1. Municipality
data were obtained from the SFSO and FEDRO. The EVSE density per municipality was calculated based on
the original dataset with all EVSEs in Switzerland. The old-age-dependency ratio was calculated, according to
the SFSO, as the ratio of the population aged 65 and over to the population aged 20 to 64.

The relationships between charging station utilization rates and municipality characteristics were analyzed
graphically using grouped boxplots. The groups were formed from the data aggregated to the municipality-
level using the deciles. ANOVA (Chambers and Hastie 1992) were performed to examine whether utilization
rates differed statistically significantly (5% significance level) between groups. To gain more insights into
the lower and higher utilized charging stations, k-means clustering (Hartigan and Wong 1979) based on the
minicipality-level data was used. We identified the optimal number of clusters by using the elbow-method
(Marutho et al 2018). In addition, utilization rates, and times in the building zones were analysed using
ANOVA.

In terms of spatial patterns, we were also interested in whether charging stations on transit roads are more
heavily used than charging stations at other locations. For this purpose, we first generated a spatial buffer with
a distance of 100 m on both sides around the transit roads. Subsequently, a point-in-polygon analysis was used
to determine which charging stations are located within the buffer and which are located outside the buffer.
It was assumed that charging stations within 100 m of the national roads are accessible from a transit road.
The Wilcoxon rank-sum test for independent samples (Hollander et al 2013) was used to examine whether
the utilization rates of the charging stations on the transit roads differed in a statistically significant manner
(5% significance level) from the utilization rates of the charging stations at other locations.

For the combined spatial–temporal analysis of utilization rates, the area of Switzerland was covered with a
10 × 10 km grid. The grid cell size was chosen for the best possible visualization of the results. For each grid
cell, the mean utilization rate over 24 h in a two-hour interval was calculated and displayed on a map.

3. Results and discussion

3.1. Characteristics of charging stations and EVSEs
The characteristics of the charging stations and EVSEs were examined for the original dataset and the sample.
The differences in the characteristics are shown in table 1. The sample and the original dataset have an average
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Table 1. Characteristics of charging stations and EVSEs.

Analyzed sample of charging stations Original number
and EVSEs of charging stations

and EVSEs

Number of charging stations 1771 3279
Number of EVSEs 3086 6615
Avg. number of EVSEs per charging station 1.7 2.0
Avg. number of connectors per EVSE 1.6 1.4

Connector type of EVSEs (%)

- Domestic AC power 7.0 4.6
- Type 1 29.3 20.1
- Type 2 54.7 56.0
- CCS combo 4.9 8.0
- CHAdeMO 3.6 5.6
- Other 0.5 5.7

Max. capacity of connectors for EVSEs with known capacity (%)

- <10 kW 0.4 0.5
- 10 kW–21 kW 7.2 7.9
- 21 kW–42 kW 52.6 47.9
- 42 kW–100 kW 29.2 19.3
- >100 kW 10.5 24.4

Spatial locations of charging stations

- Median of x-coordinates (meters) 2661 981 2655 671
- Median of y-coordinates (meters) 1210 289 1210 561

Municipality properties of charging stations (median values)

- Population density in 2020 (residents km−2) 788 745
- Passenger car density in 2020 (passenger cars/1000 residents) 590 582
- EVSE density in 2021 (EVSEs/1000 passenger cars) 1.95 1.92
- PEV share in 2020 (PEVs/100 passenger cars) 1.3 1.3
- Population development from 2010 to 2019 (%) 8.6 8.6
- Old-age dependency ratio in 2019 (%) 30.7 30.6
- Employees-to-population ratio in 2018 (%) 63.9 61.7
- Mean taxable income in 2017 (per capita and year in CHF) 31 000 31 000

Share of charging stations per building zone (%)

- Residential zones 9.3 7.8
- Mixed residential/workplace zones 16.1 14.0
- Workplace zones 25.8 26.0
- Central zones 12.6 13.7
- Other building zones 22.1 23.5
- Outside building zones 14.0 15.1

of two EVSEs per charging station and one to two connectors per EVSE. Both datasets are dominated by types
1 and 2 connectors with capacities ranging from 21 kW to 42 kW. The medians of the x and y coordinates
of the charging stations in the sample and the original dataset differ by only a few kilometers. This shows
that there are only marginal differences in the spatial distribution of charging stations of both data sets. For
each charging station, the characteristics of the municipalities described in the methodology were recorded.
In addition, the share of charging stations per building zone was examined. In terms of characteristics and
locations, no significant differences can be observed between the sample and the original dataset. With some
caution, it can therefore be assumed that the analyzed sample is representative of Switzerland.

3.2. Spatial and temporal utilization patterns
Analysis of the EVSEs mean utilization rates by day of the week and hour of day shows a clear temporal pattern
(see figure 2). Utilization rates increase steadily from September to December. Between October and December,
a particularly sharp increase is evident. One reason for this may be that, in 2021, the October to December
period alone accounts for 32.4% of new PEV registrations for the year (FEDRO 2022). Most recharges occur
on weekdays during peak working hours and on Saturdays during the day. A single day of the week with the
highest mean utilization rates in each case cannot be clearly identified. The day with the lowest mean utilization
rate is Sunday. The highest average utilization rates, based on the day of the week, were observed in the third
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Figure 2. Hourly average utilization rate of EVSEs per day of the week. Due to the availability of data, there are different time
intervals between the second and third week and between the third and fourth week.

week of December with 14% to 16%. One reason for the higher utilization rate in December could be the
upcoming break over the holidays and the associated increased charging volume. Analysis of the quantiles of
utilization rates (not tabulated) shows that 10% of the EVSEs have utilization rates of 21% and above, and 5%
of EVSEs have utilization rates of 29% and above.

The mean utilization rates are similar to the utilization rates of 15% to 20% shown by Hecht et al (2020) for
Germany. The low mean utilization rates may be explained by the fact that many CPOs expand their network
ahead of time in order to secure profitable sites in anticipation of increasing demand. Compared to weekday
mornings, there is a lag in the increase in utilization rates on weekend mornings. This lag is more substantial
on Sunday than on Saturday and can be explained by the change in the daily rhythm of PEV owners compared
to weekdays. On Friday evenings through early Saturday mornings, many PEV owners appear to be charging
their vehicles in preparation for the weekend. This can be seen in the increased utilization rates from Friday
night to Saturday morning.

The mean utilization rates of the charging stations differ depending on the population density in the
municipalities. In more densely populated municipalities, the mean utilization rate is higher (figure 3(a)). This
relationship is confirmed by the ANOVA (F-value = 3.0385, p-value = 0.0014). The result can be explained
by the fact that densely populated municipalities are central commuting locations, where more charging takes
place during working hours on weekdays than on the weekend. Furthermore, companies that operate public
charging stations frequently offer its use to their employees during office hours. In the less densely populated
municipalities, there is less charging during the day than in the centers. The mean utilization rates decrease as
the density of EVSEs increases (figure 3(c)). The ANOVA shows that this relationship is statistically significant
(F-value = 2.7142, p-value = 0.0042).

If public charging stations are mainly used for charging in the central commuting locations, the charging
demand is derived from the number of PEVs registered in a municipality plus the PEVs of commuters. The
number of PEVs registered in a municipality is, therefore, not sufficient to estimate charging demand. Another
explanation is that fleets of vehicles owned by businesses are often not charged in the municipalities where
they are registered. This is consistent with the finding that no statistically significant differences in utilization
rates were found by car density (F-value = 0.9765, p-value = 0.4582) and by PEV share (F-value = 1.6134,
p-value = 0.1077) as shown in figures 3(b) and (d). In their review of charging behavior studies, Hardman
et al (2018) showed that 50% to 80% of charging events occur at home. Therefore, the relationship between
the utilization rate of EVSEs and the density of cars and PEVs registered in the municipalities cannot be clearly
shown.

As shown in figure 4(d) a statistically significant relationship exists between the utilization rates and
the mean taxable income (F-value = 2.898, p-value = 0.0023). It shows that the charging demand
is tendentially higher in wealthy municipalities. As shown in figures 4(a)–(c) no statistically signifi-
cant relationship exists between the utilization rate and population development (F-value = 0.9319,
p-value = 0.4965), old-age-dependency ratio (F-value = 0.8644, p-value = 0.557) and employees-to-
population ratio (F-value = 1.3064, p-value = 0.2300).

Statically significant differences between the utilization rate of charging stations on transit roads com-
pared to the utilization rate of charging stations at other locations could not be detected using the Wilcoxon
test (p-value = 0.7362). This indicates that the use of EVSEs is not more intensive on transit roads than at
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Figure 3. Mean charging station utilization rates by (a) population density, (b) passenger car density, (c) EVSE density,
and (d) PEV share in municipalities.

Figure 4. Mean charging station utilization rates by (a) population development, (b) old-age-dependency ratio,
(c) employees-to-population ratio and (d) mean taxable income in municipalities.

other locations. This result is interesting considering that the Swiss government has declared the expansion of
charging infrastructure on transit roads as one of its goals to support the development of electro mobility
(DETEC 2021).

In Swiss cities with more than 100 000 residents, the data includes 231 EVSEs. Figure 5(a) shows the
distribution and the lower (Q25), middle (Q50 = median), and upper quartile (Q75) of the utilization
times for these 231 EVSEs. The median utilization time in the large cities is 156 min. Figure 5(b) shows the
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Figure 5. (a) Distribution of utilization times of EVSEs in cities with >100 000 residents, (b) distribution of utilization times of
EVSEs throughout Switzerland.

Table 2. Clusters of charging stations created using k-means clustering. Values are averages of municipality-level characteristics per
cluster.

Cluster CL_4 CL_5 CL_2 CL_1 CL_3

Number of charging stations in cluster 248 637 463 232 133
Mean utilization rate (sorted in ascending order) 3.5 4.7 5.1 10.0 30.9
Population density in 2020 (residents km−2) 1045 636 690 4031 996
Passenger car density in 2020 (passenger cars/1000 residents) 693 569 609 407 586
EVSE density in 2021 (EVSEs/1000 passenger cars) 5.1 2.8 2.2 1.9 2.0
PEV share in 2020 (PEVs/100 passenger cars) 2.5 1.2 1.2 1.6 1.4
Population development from 2010 to 2019 (%) 12.7 3.8 15.2 10.4 8.1
Old-age dependency ratio in 2019 (%) 28.1 38.1 27.3 25.6 33.0
Employees-to-population ratio in 2018 (%) 95.6 62.6 50.1 99.6 63.3
Mean taxable income in 2017 (per capita and year in CHF) 50 220 30 384 29 414 33 285 33 548

distribution of utilization times for all of Switzerland. The median utilization time is 125 min, which is shorter
than in the large cities.

If charging stations are primarily used during working hours, a longer utilization time in cities is plausible.
The incentive to use workplace charging infrastructure for the maximum allowed time is high. The distribu-
tions in figures 5(a) and (b) show utilization times ranging from a few minutes to more than 48 h. One reason
for this range of utilization times could be the use of charging stations as short- and even long-term park-
ing places. The phenomenon of charging stations being used in this way has also been documented in other
studies (Hardinghaus et al 2020, Hecht et al 2020). The ANOVA shows a statistically significant relationship
between utilization time and population density (F-value = 2.01, p-value = 0.0363). No relationships were
found between utilization time and other municipality characteristics or building zones. This result supports
the finding that the utilization times in densely populated locations differs from those in other locations.

It should be noted that some uncertainty in measuring utilization time in our study needs to be considered.
Since we evaluated utilization data at 5 min intervals, it is theoretically possible for two vehicles charging one
immediately after the other to be counted as a single charge. However, given the low utilization rates in the
study period throughout Switzerland, we believe that this uncertainty can be neglected. Another factor that
may have affected the utilization times measured is the limitation of the charging time by the CPOs. Often, the
time restrictions are related to general parking restrictions in parking lots and parking garages.

Table 2 presents the clusters of charging stations from the k-means clustering based on the municipal-
ity characteristics. The cluster with the highest utilization rates (CL_3) is characterized by higher population
density (but much lower as in CL_1 representing large cities), low EVSE density and a moderate employee-
to-population density. These are typically small cities and agglomerations of larger cities. The cluster with
the lowest utilization rates (CL_4) is characterized by higher population density, high EVSE density, high
employee-to-population ratio and higher mean taxable income. The latter are typically wealthy municipalities
in the agglomeration of larger cities with a high density of charging infrastructure.
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Figure 6. Mean utilization rates of EVSEs in 10 km × 10 km grid cells at two-hourly intervals.

We found a strong relationship between the utilization rates and building zones (F-value = 11.6411,
p-value= 0.0000). The highest utilization rates (not tabulated) could be found outside the residential and out-
side workplace zones. This can be explained with the lack of demand in the residential zones as PEV owners in
these locations often charge at home. Furthermore, in building zones with workplaces, charging infrastructure
has intensively been developed in recent years which is expressed in lower utilization rates.

The combined spatial–temporal pattern is shown as the mean utilization rate of all weekdays in a two-hour
interval in a 10 km × 10 km grid (figure 6). At night and in the early morning hours, the mean utilization rates
are lower, after which they increase, reaching a maximum between noon and 4.00 pm. In the late afternoon
and into the night hours, utilization rates decrease more slowly than they increase in the morning. This pat-
tern mirrors the temporal pattern shown in figure 2 and complements it with information on what regions
experience changes in utilization during the day. The pattern shown in figure 6 shows larger spatial differences
in the use of EVSEs. For example, individual grid cells show average utilization rates of more than 40%, but
this can sometimes be attributed to a few individual EVSEs that are heavily used.

4. Conclusions

Using Switzerland as an example, the present study provides new insights with regard to the spatial and tempo-
ral pattern of public charging infrastructure utilization. It shows that the maximum average EVSE utilization
rate throughout Switzerland is low at 14% to 16% and that public charging stations are primarily used for
charging on weekdays during peak working hours and on Saturdays during the day. Further, the results show
that it is mainly densely populated locations with lower supply of charging infrastructure outside the residential
and workplace zones that are highly utilized. Especially in locations with workplaces, charging infrastructure
has strongly been developed during recent years which, at least in the short term, leads to a higher supply
than demand. If the trend of strongly increasing numbers of PEV registrations continues, the demand of these
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charging stations will increase in the future. The results furthermore suggest that public charging infrastruc-
ture is mainly used by PEV owners commuting to the cities and agglomerations during working hours. An
important new finding is that charging infrastructure on transit roads is not used more frequently than at
other locations. This result is interesting because one of the focal points of ongoing Swiss funding programs is
the expansion of charging infrastructure on transit roads.

Limitations of this study result from the use of a sample of charging stations. The sample shows no system-
atic differences from the full dataset in terms of structure and location. Nevertheless, the findings from this
study should be applied with some caution to the entire public charging infrastructure in Switzerland.

Based on our findings and conclusions, we have four recommendations for action with focus on the plan-
ning, deploying and managing the existing and supplementary charging infrastructure. First, the needs of
commuters should be considered more consistently in promoting and planning charging infrastructure. It is
important to have public charging stations in locations with high demand. Second, the impact of incentive pro-
grams should be continuously reviewed and adjusted to current charging needs. Third, the rapidly advancing
expansion of public charging infrastructure necessitates additional research on its use. It is advisable to conduct
continuous monitoring of the spatial–temporal use of public charging infrastructure. Fourth, the expansion
of public charging stations must be coordinated with the expansion of private charging stations, as it can be
assumed that many users charge their vehicles privately.

With a view to further research, the findings from this study can be of interest to various stakeholders. For
CPOs, information on the spatial and temporal pattern of charging demand can help them target investments
more effectively. For utilities, it is important to adapt to the additional electricity demand from PEV owners.
For the state and local governments, the question is whether, where, and to what extent further expansion of
public charging infrastructure should be supported. Our results can also help to adapt public funding for the
expansion of charging infrastructure to local specifics and enable it to be used more effectively.
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