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Executive Summary 

Electric vehicle charging at public charging stations is expected to account for a significant portion of 
PED grid loads in the coming years (Hoekstra & Refa, 2017). It is therefore important to understand 
the potential impacts of EV charging on the grid in order to develop a functional PED. Here, grid 
impact is defined as the amount of time and extent to which EV charging causes the electricity 
distribution grid to be overloaded. 

In this task, the design, monitoring and controlling strategies for the roll-out of public EV charging 
stations in the PEDs of Euroborg and Paddepoel will be Groningen will be outlined. In addition, this 
task will analyse the impact of public charging stations on the electricity grid in the long term, with 
different scenarios indicating the potential impacts of different charge control strategies. 

In the first version of this report, a total of 19 charging stations in the PED of Euroborg were 
monitored from mid-November, 2019, to the beginning of October, 2020. It must be noted that not all 
charging stations were active throughout the entire measurement period. During this period, a total of 
1797 charge cycles were performed, delivering a total of 39.768 kWh of electricity. The average 
charge cycle length was 11,8 hours and the average charge cycle power was estimated at 2,87 kW. 
During the whole period, loads from at least one charging station were observed 68% of the time, 
while no charging occurred 32% of the time. Some of these values may be misleading because it is 
unclear if a charging station is actively providing power at the same rate throughout a charge cycle. 

Based on measurements and projections, grid impact is expected to increase at a lower rate as the 
number of charging stations increases. This results from the fact that as the number of charging 
stations and charging cycles increases, charging cycles become more spread over time, so that their 
relative grid impact is expected to decrease (absolute grid impact will, of course, continue to increase). 

The implications of this finding are twofold: First, if grid infrastructure is installed with sufficient 
capacity to meet  the requirements of the projected number of charging stations, it is unlikely that this 
infrastructure will become overloaded as a result of EV charging in future. Second, since charging 
cycles are expected to overlap more frequently, it is expected that charge control strategies (i.e., 
interventions) will increase in effectiveness as the number of charging stations increases. 

In the final version of the report, charging stations in the PED of Paddepoel will be included, as well as 
additional scenarios which will analyse the potential effectiveness of different charge control 
strategies at reducing grid impact. 

 

Keywords 

Electric Vehicle (EV), Charging Station, Grid Impact 
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1 Introduction 

1.1 Purpose and target group 

The deliverable reports the work carried out in Task 3.6, which analyses the impact of increasing E-

mobility penetration on the distribution grid. The work package simulates future impacts based on 

measurements and projections (Task 1.5.3) in order to determine what grid adaptations will be 

required, and which strategies can be employed to reduce and postpone grid reinforcement. The 

results of this study are generalized for applications in other districts and cities. 

1.2 Contribution partners 

In this section the contributing partners to this report and their responsibilities are explained. 

Table 1: Contribution of partners 

Partner nº and 
short name 

Contribution 

3 – GRO 

Provide measurements from 19 charging stations in the Euroborg district of 
Groningen, 2 additional charging stations to be installed in the Paddepoel 
Noord district, and provide access to a GIS map showing likely locations of 
future charging stations 

4 -TNO Did not contribute to the initial report, but will contribute to the final version 

8-NIJ 
Provide measurements from apartment block elevators in the Paddepoel 
Noord district of Groningen. 

12-HUAS Data analysis, modelling and final written report 

 

1.3 Relation to other activities in the project 

The following table depicts the main relationship of this deliverable to other activities (mainly 
deliverables) developed within the MAKING-CITY Project and that should be considered along with this 
document for further understanding of its contents. 

Table 2: Relation to other activities in the project  

Deliverable / 
 Task nº 

Relation 

Task 3.2 / D3.3, D3.14 
Results from this task will be used to inform task 3.2 - Simulation models of 
buildings, energy systems, storage and management of flows algorithms. 

Task 1.5 / D1.5, D1.25 

Task 3.4 / D3.5, D3.16 

Scenario development will be informed by the results of task 1.5 – 
Development of a City Vision 2050, and task 3.4 – Smart energy systems in 
PED. 

Task 1.3 
Contribute EV charging impacts to Technalia LEAP model for 2050 energy 
supply and demand modelling  
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2 Actions implemented in Groningen PEDs on 

electric vehicle charging points 

The municipality of Groningen aims to stimulate electric vehicle use and plans to accommodate up to 
16.000 electric vehicles by 2025. As of 2020, the municipality has installed approximately 200 public 
charging stations and plans to install an additional 400 public charging stations by 2023. It is expected 
that approximately 6000 public charging stations will be installed by 2030 (Groningen, 2020). 

The municipality, in cooperation with the local DSO and the provincial government, has identified over 
1500 possible locations for new charging stations, as illustrated in Figure 1 below. Charging station 
locations are planned within 25m of existing low voltage cables which they can connect to (Groningen, 
2020). 

The municipality aims to have a charging station within 250m of electric vehicle owners’ 
residences/workplaces. In order to reduce investment costs, the majority of newly installed charging 
stations are planned to have 2 to 4 connection points (Groningen, 2020). 

Since most houses in Groningen do not have private driveways (only 1/3 of Dutch households have a 
private parking space (Hoekstra & Refa, 2017)), citizens can request a new charging station to be built 
in their area. Charging stations are installed and operated by Allego BV for the first ten years of their 
lifetime, at which point the city will gain control of the charging stations. 

Due to their relatively large loads, it is expected that increasing EV penetration will results in 
increasing overloading of the existing electricity distribution grid (van Lierop, Veldman, Vanalme, & 
Kling, 2010). In the Making City project, an analysis was made of existing charging stations in 
Groningen to estimate the impact of increasing EV charging on the local electricity grid. This analysis 
demonstrated the potential limitations of EV charging on the low voltage grid, especially regarding the 
potential for overloading grid infrastructure. Different scenarios were modelled to gain insight into the 
potential to minimize these impacts by managing EV loads. These scenarios gave insight into the 
effectiveness of potential solutions aimed at reducing grid impacts. The final results of this study 
contributed to an analysis of the feasibility of Task 1.5, City Vision. 
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Figure 1 - Planned charging stations in Groningen (Groningen, 2020). Pink markers are existing 

charinging stations, green, red, orange and yellow markers are proposed charging stations with 2, 

2-4, 2-6 and 2-8 connections, respectively. 

2.1 PED descriptions 

Data measurements were performed at EV charging stations in two neighbourhoods in Groningen, 
Euroborg in the south of the city and Paddepoel in the north. Euroborg contains a mixture of 
residences and workplaces while Paddepoel is primarily a residential area. As a result, it is expected 
that the charge patterns will differ between the two neighbourhoods. In the first version of this 
report, Paddepoel measurements were not yet available.  

The original proposal called for 14 charging stations to be measured, but at the time of writing, 19 
charging stations were being measured, all in the Euroborg district. It was assumed that the additional 
charging stations would provide a more comprehensive overview of EV charging impacts. The specific 
type and location of the charging stations is not currently known, but will be provided in the next 
version of the report. 

2.1.1 Interventions 

Of the measured charging stations, 10 have a novel setup: Every charging stations is paired with 
another, creating a set of 5 pairs. When both charging stations in a pair are being used at the same 
time, constraints are imposed so that the combined charging power of both stations stays below a 
certain limit. The goal of this development is to reduce the maximum peak load on the electricity grid. 
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2.2 Projections 

As noted above, the municipality of Groningen expects to accommodate up to 16.000 electric vehicles 
by 2025. In order to achieve this, the Dutch government has formulated a set of targets for the 
number of required charging stations in each province. The targets for the province of Groningen are 
summarised in Table 3 below, and indicate the number of public, household, workplace and other 
charging stations which will be required in the years 2025, 2030 and 2035. In this table, each public 
charging station is assumed have two connection points. 

 

2025 2030 2035 

Public charge stations 

2954 5570 10807 

Household charge stations 

15351 30697 57293 

Workplace charge stations 

3959 7735 14027 

Other destination charge stations 

326 617 1200 

 

Table 3: Expected quantity of charge points in the province of Groningen (Rijkdienst voor 

Ondernemend Nederland) 

From the charging stations noted above, a number are expected to be fast charge stations or to be 
located in public charge areas, such as park and ride parking lots. The target numbers of fast charging 
and public charging areas for 2025, 2030 and 2035 are summarised in Table 4 below. 

 

2025 2030 2035 

Fast charge stations 

200 528 686 

Public charge areas 

290 382 448 

 

Table 4: Planned fast charging stations and public square charging stations in province of 

Groningen (Rijkdienst voor Ondernemend Nederland) 

Since the municipality of Groningen is by far the largest municipality by population size within the 
province of Groningen, it is expected that the majority of these charging stations will be installed 
within the city. Figure 2 below illustrates how the number of public charging stations in the city of 
Groningen is expected to increase in the coming years, with an estimated 2050 target of 25.000 public 
charging stations. 
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Figure 2 - Projected number of public charging stations in the city of Groningen 

3 Methodology for the impact analysis 

3.1 Data measurements 

Data from charging stations was analysed to determine probabilities and trends for EV charging cycles. 
The key assumption for this task was that the measurements obtained form a more or less 
representative sample of the PED in question. In order to validate this assumption, data was checked 
for inconsistencies and compared with other EV charging studies in the Netherlands. 

3.2 Model 

The model developed for Task 3.6 generates semi-random, statistically significant electric vehicle 
charging patterns. The model is based on an analysis of measurement data to determine correlations 
between load patterns and environmental conditions, such as time of day, day of week and weather. 
Specifically, the probabilities for the start time, duration and average power of an EV charge cycle 
were determined.  

The model uses a time-scale of 15 minutes, because this a common measurement window used in 
grid analysis studies and will allow comparisons with other studies.  

The model allows for different scenarios to be tested. Key inputs include the number of charging 
stations, the adoption rate of EVs, and the option to model the impacts of charge control strategies 
(e.g. shifting patterns in time and/or flattening power levels by lengthening cycle durations). 

Based on the chosen inputs, the model will calculate technical data (e.g. load duration curve, 
overloading minutes) and financial data (e.g. reduced asset lifetime resulting from overloading, etc.). 
These data can then be analysed and compared between different scenarios. 

 

3.2.1 Background information 

Many studies exist which analyse the impact of electric vehicles on the electricity grid. For example, 
the Vehicle-to-Everything (Roks, Schurer, & Lampropoulos, 2019) and Iris (Massink, Persson, & Berg, 
2019) projects in the Netherlands analyse the potential for using EVs as a grid balancing mechanism. 
EVs are considered to potentially be a highly flexible load since they stand still 90% of the time 
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(Veldman, Gibescu, Postma, Slootweg, & Kling, 2009). For example, the Iris project concluded that the 
electricity grid in the city of Utrecht could be balanced if 8.5% of the city’s vehicles were fully 
controllable EVs capable of bi-directional charging. 

 

3.2.2 Statistical probabilities 

Individual human behaviour is inherently unpredictable, however, when analysing groups of people, 
patterns begin to emerge. When analysing EV charging patterns, it is impossible to predict when any 
single EV will be plugged in and for how long, but it is possible estimate the likeliness that a non-
specific EV will be plugged in at a given charging stating and for how long it is likely to be plugged in. 

These probabilities are derived from measurements from existing charging stations. When 
determining these probabilities and applying them to scenario modelling, certain assumptions must be 
made. Importantly, it is assumed that the measurement sample will be representative of the general 
population and can be used to estimate future charging patterns. In the specific case for the city of 
Groningen, it is assumed that the Euroborg charging station measurements are representative of a 
mixed commercial/residential neighbourhood, while the Paddepoel charging station measurements 
are representative of a primarily residential neighbourhood. As the project progresses and more data 
is collected, it should become possible to verify these assumptions. 

3.2.3 Model indicators 

In order to improve grid reliability and increase grid lifetime, it is important to prevent the grid load 
from exceeding the grid capacity. In order to determine the impact of EV charging on the grid, the  
amount of time and the extent to which EV charging could cause the grid to exceed its capacity was 
modelled. This value is referred to as grid impact. 

3.2.4 Cumulative grid impacts 

EV charging stations represent only one source of impact on an increasingly utilized electricity 
distribution network. The expected growth of electric heat pumps and rooftop solar panels, as well as 
changes to solar panel subsidies, will also impact the distribution grid in different ways (Lierop, van, 
Veldman, Vanalme, G.M.A., & Kling, 2010).  However, the goal of Task 3.6 is not to determine the 
overall grid situation, but rather to focus on the current and future requirements placed on the grid 
resulting from EV charging at public charging stations. Specifically, how much additional load can be 
expected from EV charging, and at what times, will determine how ably the grid will be able to handle 
these additional loads. The interactions between EV charging and other projected changes to load 
patterns is addressed in Task 3.2. 

Based on the city of Groningen’s plans for EV charging station deployment and EV penetration, current 
load patterns are extrapolated to reflect future scenarios and the impact of additional EV charging on 
the grid. Since EV charging is a relatively large load, it is also likely that charging will be limited in some 
way to reduce the cumulative impacts of EV charging. Therefore, in section 3.4, four different 
scenarios are presented which represent the effects of different degrees of EV charging control. 

 

3.3 Scenarios 

Scenarios will investigate the effect of different control strategies on EV charging patterns and their 
impact on the electricity grid. Scenarios will be based on the location and number of charge stations 
described in 2.1 PED descriptions 

Data measurements were performed at EV charging stations in two neighbourhoods in Groningen, 
Euroborg in the south of the city and Paddepoel in the north. Euroborg contains a mixture of 
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residences and workplaces while Paddepoel is primarily a residential area. As a result, it is expected 
that the charge patterns will differ between the two neighbourhoods. In the first version of this 
report, Paddepoel measurements were not yet available.  

The original proposal called for 14 charging stations to be measured, but at the time of writing, 19 
charging stations were being measured, all in the Euroborg district. It was assumed that the additional 
charging stations would provide a more comprehensive overview of EV charging impacts. The specific 
type and location of the charging stations is not currently known, but will be provided in the next 
version of the report. 

3.3.1 Interventions 

Of the measured charging stations, 10 have a novel setup: Every charging stations is paired with 
another, creating a set of 5 pairs. When both charging stations in a pair are being used at the same 
time, constraints are imposed so that the combined charging power of both stations stays below a 
certain limit. The goal of this development is to reduce the maximum peak load on the electricity grid. 

Projections. 

 

3.3.2 Reference scenario 

The reference scenario describes how EV charging will impact the grid if there is no charge control. In 
this scenario, an increase in the number of installed EV charging stations from the current total of 200 
to the 2023 target of 600 to the 2030 target of 6000 to the 2050 target of 25.000 is assumed. It is also 
assumed that the usage of each charging station will increase, from providing one charge cycle every 
three days, to providing one charge cycle each day. 

 

3.3.3 Coordinated charging scenario 

The coordinated charging scenario describes how EV charging will impact the grid if charging stations 
can communicate with one another to limit the total EV charging load. This scenario has been partially 
implemented in Euroborg, where each pair of charging stations is linked in a master-slave 
configuration. In this configuration, each master/slave pair is required to keep their combined load 
below a certain limit. 

 

3.3.4 Bi-directional charging scenario 

The bi-directional charging scenario describes how EV charging will impact the grid if the EV battery is 
controllable by a third party, such as an aggregator. This scenario allows the grid operator to control 
the charging or discharging of EV batteries at public charging stations, within certain constraints. 

It is important to note that current EV charging stations are not capable of bi-directional charging, but 
they can be modified at little cost to accommodate bi-directional charging (Massink, Persson, & Berg, 
2019). It is also important to note that while 2/3 of EV charging currently occurs at home, public 
charging points are expected to become the dominant EV charge location as the number of EVs on the 
road increases. This expectation results from the fact that currently, most EVs are owned by higher 
income individuals with longer range EVs and access to private parking and/or workplace charging 
points. Lower income individuals are expected to buy EVs with a lower range (thus requiring more 
frequent charges) and to be more reliant on public charging points (Hoekstra & Refa, 2017). 
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3.3.5 Coordinated loads scenario 

This scenario describes how EV charging will impact the grid if the charge cycle is coordinated with 
other large grid loads. Specifically, EV charging could share grid capacity with apartment block 
elevators or utilize locally generated solar electricity (either directly or via battery storage).  



This project has received funding from the European Union’s Horizon 2020 research and innovation 

programme under the Grant Agreement n°824418. 

  

4 Results 

4.1 Description of charging stations 

The results presented here are based on data collected from 20 EV charging stations located in the 
Euroborg district of Groningen. Charging stations were gradually brought online during the course of 
this project, so that not all charging stations were active throughout the entire measurement period. 
At the time of submission, 19 of the 20 charging stations were active. 

The charging stations are connected to the low voltage  grid. 

The charging stations are able to charge at a rate of 3.7 to 22 kW, depending on the type of vehicle 
being charged and available infrastructure capacity (Allego BV). 

 

4.1.1 Charging Station Communication 

As noted earlier, 10 of the measured charging stations are paired with one another. When both 
charging stations are being used simultaneously, their maximum outputs are limited to keep their 
combined load below a certain threshold. 

During the 10 month measurement period, overlapping charging cycles from charging station pairs 
were found to occur for a total of only 65 hours. Due to the relatively infrequent occurrence of 
charging station overlap at present, it is assumed that this feature will have a relatively minor impact 
on measured data. 

 

4.1.2 Charging Station Measurements 

Measurements from the charging stations are available beginning from mid-November, 2019 until 
present. The data has been anonymized so that it cannot be linked with any particular client. 

The charging stations log the details of every charge cycle. These include: 

1. The cycle start time 

2. The cycle end time 

3. The total energy delivered, in Wh 

4. The ID number of the charging station 

5. The ID number of the client 

6. A unique session ID number 

Charging currents and voltages over time are not recorded. 

 

4.2 Analysis of measured data 

In this section, a description of the charging station measurements is presented. 

4.2.1 Interpreting the measured data 

Due to a lack of data about charging patterns, it is assumed that charging power is constant 
throughout a charge cycle. In reality, charge power may fluctuate, either as a result of charging station 
communication (see 4.1.1) or battery protection mechanisms. Assuming a constant charge power 
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throughout a cycle may not be realistic, but it does indicate the minimum grid capacity required to 
fully charge an EV. In addition, especially for shorter cycles, using an average power value will still give 
an indication about the magnitude of the loads expected from charging stations. 

An additional consideration is the time periods when these measurements were taken. Recording data 
over a 9 month period should give an indication of what a typical load situation is, but there are two 
factors which must be taken into account: 

1. The data is from newly installed charging stations, so it is likely that their use will increase 
sharply over time. 

2. Some of the measurements were taken during COVID-19 epidemic, during which time 
personal travel was limited and it is appears that charging stations were underutilized as a 
result. 

Keeping the above points in mind, the following analysis should be considered as an observation only. 
Over time, as more data is collected, a more representative charging station load pattern will be 
developed.  

Our measurements will later be compared with the 10.000 EVs measured by Elaad to evaluate their 
representativeness (ElaadNL, 2020). 

 

4.2.1.1 Initial observations and trends – Euroborg (south) 

The initial observations described below are based on data collected from 19 charging stations from 
mid-November, 2019, to the beginning of October, 2020. 

During this period, a total of 1797 charge cycles were performed, delivering a total of 39.768 kWh of 
electricity. The average charge cycle length was 11,8 hours and the average charge cycle power was 
estimated at 2,87 kW. During the whole period, loads from at least one charging station were 
observed 68% of the time, while no charging occurred 32% of the time. 

Figure 3 below shows a load duration curve for the combined load of the 19 charging stations over the 
entire measurement period, omitting periods of time when no loads occurred. The highest estimated 
peak demand was 52,7 kW at 16:00 on March 8, 2020, as a result of 9 charging stations being used 
simultaneously. 

 

 

Figure 3: Load duration curve for combined load of 10 charging stations 
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To put this in context, an average Dutch household in 2018 consumed 2790 kWh per year, with an 
average load of 0,318 kW (Centraal Bureau voor de Statistiek, 2019). During the measurement period, 
the total energy delivered by the 19 charging stations is approximately equal to that consumed by 14 
Dutch households. 

It is notable that some charging stations see much more use than others, with the total number of 
charge cycles to date ranging from 13 to 202. The average charge cycle length and average charge 
cycle power also vary per station, ranging from 3,7 to 26,0 hours and from 0,8 to 6,4 kW, respectively. 
The average energy delivered per charge cycle ranges from 16 to 38 kWh. For a visual reference, these 
result are presented in Figure 4 below. 

 

 

 

Figure 4: Total cycles, average cycle length, average energy delivered per cycle and average cycle 

power per charging station. Note that charging station #17 currently has no results and is omitted. 
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4.2.1.2 Initial observations and trends – Paddepoel (north) 

Results for Paddepoel are not yet available, they will be updated in the final version of this deliverable. 

 

4.2.1.3 Charging patterns 

While the specific load patterns of the charge cycles are not known, it is possible to identify during 
which hours of the day a charge cycle is more likely to occur. Figure 5 below shows the distribution of 
plug-in hours and charging start times per hour as a percentage of the total. It is notable that plug-in 
hours are fairly evenly distributed over the day, whereas charging start times are clustered in the 
daytime hours.  

The total plug-in hours may be misleading because it is unclear if measurements are stopped when a 
vehicle’s charging is complete or when the vehicle is unplugged. For example, a vehicle plugged in at 
18:00 may be fully charged by 23:00 but still be counted as a plugged-in vehicle until 7:00 the next 
morning. 

 

Figure 5: Percentage of charging time for each hour of the day 

The current impact of EV charging is illustrated in Figure 6 , which shows average hourly charging 
station load over the entire measurement period, excluding instances when no charging occurred. This 
observation is indicative of what the impact on the grid might look like, if charging stations were in 
daily use with no control of charging. Figure 6 shows that at present, average loads are between 1,2 
and 2,3 kW, but these might be higher due to the assumptions mentioned in 0. The large standard 
deviations indicate that charging power can fluctuate significantly over the day, but is more consistent 
at night. Finally, higher averages on weekdays during the day than on weekends is observed, a trend 
which is expected in a mixed commercial/residential area which is likely to have more EVs plugged in 
during weekdays.  
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Figure 6: Average charging power during a charge cycle, per hour of the day, divided between 

weekdays and weekends and showing one standard deviation 

 

4.2.1.4 Observed differences between Euroborg (south) and Paddepoal (north) 

Data for Paddepoel is not yet available. This section will be updated in the final version of this 
deliverable. 

 

4.2.2 COVID-19 effect on measurements 

When comparing measurements taken during the COVID-19 shutdown with those taken outside this 
period, the following observations have been made. 

Between mid-December and April 1, charging stations delivered a total of 5478 kWh. Between April 1 
and June 1, charging stations delivered a total of 2159 kWh. Between the first and the second period, 
the average daily electricity delivered dropped from 50.7 kWh to 35.6 kWh, a decrease of 29.8%. Since 
fewer charging stations were operational during the pre-shutdown months than during the shutdown 
months, an increase in the amount of electricity delivered would normally be expected. 

The difference between the pre-shutdown and shutdown months may be in part a result of electric 
vehicles requiring more energy in winter months for heating. A 2019 study by the American 
Automobile Association concluded that electric vehicles see an average reduction in range of 29% 
when their internal heaters are used during outside temperatures of -7°C (American Automobile 
Association, Inc., 2019). Considering that the Dutch climate is typically milder than these test 
conditions, it is likely that the effect of heating is only partially responsible for the observed drop in 
average daily energy delivery. 

These findings illustrate the profound impact which the COVID-19 shutdown has had on electric 
vehicle use, and reinforce the earlier statement that the data collected during this period are not 
representative of normal consumer behaviour. 

 

4.3 Future impact of charging stations in Groningen 

In this section the modelling results from the scenarios described in section 3.4 are presented.  
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4.3.1 Reference scenario 

Table 5 below summarizes the results for the measurement period with a model simulation for the 
same 9-month period with the same number of charging stations (Simulation A). Simulation A serves 
as a validation of the model to check if it can accurately replicate the measured data. In this case, it is 
observed that the total number of charging cycles is nearly identical, while the simulation has a slightly 
lower average grid load (7,1%) and energy delivered (6,5%). 

Scenarios B, C and D estimate the total impact of 200, 600 and 6000 charging stations, respectively. 
These scenarios assume that each charging station has one charging cycle per day, as opposed to one 
charging cycle every three days in Scenario A and the measurements. In addition, these scenarios are 
modelled for a full calendar year, as opposed to the 9-month period modelled in Scenario A and the 
measurements. 

 

 

 

Table 5: Results of reference scenario 

Scenario Total charge 

cycles 

Average grid 

load (kW) 

Total energy 

delivered (kWh) 

Measurements (19 charging stations) 1797 2,87 39.768 

Simulation A (19 charging stations) 1804 2,78 37.168 

Simulation B (200 charging stations)* 73.000 44,1 287.669 

Simulation C (600 charging stations)* 219.000 114,5 857.968 

Simulation D (6000 charging stations)* incomplete incomplete Incomplete 

*Scenarios assume one charge cycle per charging station per day 

 

Figure 7 below shows a the total charging cycles, average grid load and total energy delivered as a 
function of the number of charging stations. Notably, while total charging cycles and total energy 
delivered increase linearly with the number of charging stations, average grid load does not. This 
results from the fact that as the number of charging stations increases, charge cycles also get more 
spread out over time, resulting in the average grid impact being relatively lower. 

Figure 8 reinforces this point, where it is observed that with a higher number of charging stations, grid 
loading is spread more over time, but also does not vary as much relative to fewer charging stations. 
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Figure 7: Projected trends of grid impacts from increasing EV charging 

 

Figure 8: Normalized load duration curves 

This trend is reflected in other studies, such as the Elaad measurements shown in Figure 9 below. 
Here it can be seen that as the number of charging cycles increases from 2018 to 2020, grid loading 
becomes more spread over time, while peak loading remains nearly unchanged (ElaadNL, 2020). 
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Figure 9 - Development in power demand at public charging stations since 2018 (ElaadNL, 2020) 

 

4.3.2 Coordinated charging scenario 

From Figure 8 it is observed that in future, charging will overlap more, so the potential impact of 
coordinated charging will also increase.  

This section is not yet complete. This section will be updated in the final version of this deliverable. 

 

4.3.3 Bi-directional charging scenario 

This section is not yet complete. This section will be updated in the final version of this deliverable. 

 

4.3.4 Coordinated loads scenario 

This section is not yet complete. This section will be updated in the final version of this deliverable. 
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5 Interim discussion and conclusions 

5.1 Current grid impacts of EV charging 

It is difficult to draw any conclusions based on the limited data set available. What is observed to date 
is that charging station start times tend to cluster in the early morning and evenings, with relatively 
few charging starts at public charging stations occurring between 1:00 AM and 7:00 AM. This implies 
that there is a lot of opportunity to implement a smart charging scheme in order to shift charging 
station loads from peak hours to off-peak hours, especially considering the fact that most vehicles are 
not used at night. 

The following topics will be discussed in the next version of the report. 

 

5.1.1 Fast charging compared with slow charging 

This section is not yet complete. This section will be updated in the final version of this deliverable. 

 

5.2 Future grid impacts of EV charging 

This section is not yet complete. This section will be updated in the final version of this deliverable. 

 

5.3 Possible strategies to reduce grid impacts 

This section is not yet complete. This section will be updated in the final version of this deliverable. 

 

5.4 Applicability of results for other cities 

This section is not yet complete. This section will be updated in the final version of this deliverable. 
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6 Follow-up work 

In the final report, additional analysis of electric vehicle charging patterns will be performed, and the 
impact of different charge control strategies will be investigates. This will give more insight into 
current trends and developments. 
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7 Conclusions 

Based on projections from measurements, it is expected that, predictably, total charging cycles and 
energy delivered are expected to increase linearly with the number of charging stations installed. 
Notably, grid impact is expected to increase at a lower rate as the number of charging stations 
increases. Due to a greater spread over time of charging cycles as the number of charging stations 
increases, the relative impact on the grid is expected to decrease (the absolute impact on the grid will, 
of course, continue to increase). The implications of this finding are twofold: First, if grid infrastructure 
is installed with sufficient capacity to meet  the requirements of the projected number of charging 
stations, it is unlikely that this infrastructure will become overloaded as a result of EV charging in 
future. Second, since charging cycles are expected to overlap more frequently, it is expected that 
charge control strategies will increase in effectiveness as the number of charging stations increases. 
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