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Abstract— This paper presents a bottom-up 
approach to calculate the temporal and local charging 
power of electric vehicles under consideration of a 
mobility model and visiting hours of different types of 
locations (e.g. home, work, shopping, leisure, etc.) within 
an electrical network. By means of the generated load 
profiles of a location, the simultaneity and accumulated 
power of the installed charging infrastructure can be 
specified and analysed. In addition, the energy to be 
provided at peak load times will be taken from the daily 
energy balance and can later be used as a tool for system 
operators or investors for studies on the development of 
charging management systems. 

Keywords—load profiles, stochastic model, simultaneity 
factor, charging infrastructure, car park, parking space 

I. INTRODUCTION 
The growing penetration of electric vehicles (EV) 

requires an adequate development of charging 
infrastructures to supply the demand of fast and location-
independent charging. The driving behaviour of the 
population, the visit characteristics for different types of 
locations, and of course the share of electric vehicles in an 
area determine the charging profile at site-specific nodes. In 
recent years, the number of EVs in the private sector has 
multiplied and is expected to continue to do so in the coming 
years. One target of German government is a total 
penetration of six million EVs by 2030 [1]. In the changing 
world of electromobility, expanded charging infrastructures 
are at least as essential as the development of new EVs. The 
expansion of these infrastructures faces many challenges, 
especially the increasing load on the electricity grid and the 
associated congestion that call for well thought-out planning 
of the charging infrastructure. For consumers, the range and 
the charging time of the battery are decisive factors when 
purchasing an EV. Therefore, significant attention should be 
paid to the location of charging stations because vehicles 
spend the most time of the day on car parks or parking 
spaces. 

Fig. 1 shows the basic idea of estimating the load profile 
presenting in this paper. Three locations, which are 
introduced as purposes in this paper, need to be described 
by means of mobility behaviours of the EV drivers and the 
characteristic properties of the location. From this a load 
profile is derived. 

The following Chapter II therefore deals with the 
analysis of the mobility behaviour, purposes, duration of 

stay and driven distances. Chapter III explains the 
development of the mobility model and the methodology it 
contains. Chapter IV presents exemplary results of the 
model and in Chapter V a conclusion of the work is given. 

 
 
Fig. 1. Basic concept of estimating load profiles 

II. FUNDAMENTAL ANALYSIS 

A. Purposes of Rides 

If a person leaves a location, he or she sets off to pursue 
a specific purpose. The most popular means of 
transportation is the car because of its flexibility. Purposes 
can be divided into five different main groups, shopping (S), 
personal activities (P), leisure (L), work (W) or home (H) 
[2]. Hence the groups can be subdivided into more detailed 
purposes like supermarkets or shopping centers. A purpose 
is primarily described by the utilization, the driven distance 
and the duration of stay at a location – which can be different 
for weekdays and weekend. On weekdays, there is a 
significantly higher volume of traffic for work-related 
purposes than for leisure purposes and vice versa. Typically, 
the observation of a week shows similar structures in the 
utilization characteristics for the working days from 
Monday to Thursday. Therefore, it is sufficient to describe 
these days in one profile and to consider Friday, Saturday 
and Sunday in separate ones. It is assumed, that the 
utilization of a purpose is identical to the utilization of the 
car park. Furthermore, it is important to differentiate the 
purposes in their different locations regarding to its car park 
capacity, number of charging stations and the rated power 
of the stations. From this, individual vehicle characteristics 
can later be derived that relate to battery capacity, charging 
duration and charging power. [3] 

B. Driven Distance and Duration of Stay 

The various purposes are related to the driven distance 
and the time spent there. Cars are used to cover longer 
distances in a relatively short time to achieve a purpose. 
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About 75% of the resulting kilometres within a day are 
covered by car. Table 1 shows the average distances 
travelled per purpose which are covered within one day by 
car [4]. The distance is related to the duration of stay. 

TABLE 1. AVERAGE DISTANCE PER PURPOSE COVERED BY CAR 

 Shop-
ping 

Personal 
Activities Leisure Work Home 

Distance 
[km] 7.5 14.7 23.9 19.2 17.5 

 

The individual purposes provide information about the 
duration of the activity and depend on the time of day and 
days of the week. Traffic peaks show typically two mobility 
peaks per day. One in the morning and one in evening in the 
form of rush hour traffic. The majority are commuter 
driving at work during this time. In the times before and 
after most vehicles are at home. Shopping, personal 
activities and leisure purposes are attended in short time 
intervals in comparison to work and home. The mobility 
studies can only provide an initial overview, but not a 
detailed record of the duration of stay for individual 
purposes. However, the duration of a purpose can be 
determined by entering the location of the persons [4]. 
Google has developed a tool for planning activities that 
provides information about the purposes. The indicated 
peak times – also “popular times” – show the discrete 
utilization of each hour, the opening hours and the average 
duration of stay of a purpose based on anonymized collected 
data of the location history of users [5]. When several 
locations (e.g. different supermarkets) are studied, which 
can be representative combined to one main purpose (e.g. 
shopping), then the average duration of stay can be 
determined. Table 2 shows the average duration of stay per 
purpose. [3] 

TABLE 2. AVERAGE DURATION OF STAY PER PURPOSE 

 Shop-
ping 

Personal 
Activities Leisure Work Home 

Duration 
of stay [h] 0.5 1.5 4 7 15 

 

To model the range of different distances to a specific 
purpose, the distances and the duration of stay are assumed 
as normally distributed and stochastically assigned to all 
EV. This is important to calculate further EV parameters 
like battery state or charging duration.  

III. ELECTRIC VEHICLE MOBILITY MODEL 

A. Mobility Model 

The mobility model in this work is a stochastic model 
which represents parking space situations of a purpose with 
a corresponding charging infrastructure of different 
locations. The car fleet is initialised by means of a 
probability distribution of driven distances, the duration of 
stay and by the utilization of each purpose. Each purpose 
has its own purpose specific and location specific 
characteristics which can be used to describe the purpose 
and the charging infrastructure. Charging profiles can be 
generated from the individual purposes which can be 
assigned to network nodes for further investigations. The 

calculations within the model are based on representative 
utilization, distances and durations of stay. The possibility 
to calculate individual requirements is also given. Every 
purpose has following characteristics: 

• Visiting hours 

• Duration of stay 

• Driven distances 

The implemented purposes and purpose characteristics 
are shown in Table 3. The specifications for the model are 
derived from the mobility studies and representative Google 
data. 

TABLE 3. PURPOSES WITH APPROPRIATE CHARACTERISTICS 

 Purpose Visiting 
hours [h] 

Distance 
[km] 

Duration of 
stay [min] 

S1 
Super-
market 6 – 20 [4 … 16] [15 … 45] 

P1 
Shopping 

center 6 – 20 [9 … 22] [30 … 90] 

L1 Cinema 11 – 12 [9 … 22] [60 … 180] 

L2 Sports 0 – 23 [9 … 22] [45 … 120] 

L3 
Theme 
park 12 – 20 [10…50] [240 … 480] 

W1 Work 6 – 20 [10…30] [300 … 600] 

H1 Home 18 – 6 [9 … 22] [800…1200] 
 

Additionally, to this purpose characteristic parameters 
the normalized discrete utilization distribution is 
interpolated to a continuous function 𝑈(𝑡)  to create a 
temporal dependency and a meticulous resolution in the 
model. Moreover, input parameters are also required. These 
can be further differentiated into location-specific 
parameters like number of parking space, number of 
charging stations, charging power of the charging stations 
which allows to differentiate and initialize purposes of the 
same group. A day is divided into calculable time steps and 
a meticulous resolution of the model with 1440 calculation 
steps results. For each new time step, the current parking 
situation is scanned first. Doing so every car on the car park 
receives a status update. In particular, the duration of stay 
and the charging duration are adapted and the current 
charging status is updated. If a vehicle is fully charged or 
the charging time ends because of leaving, the vehicle is 
disconnected from the station. Vehicles whose duration of 
stay has expired leave the car park and they were deleted 
from their parking space. The number of all vehicles on the 
car park is specified based on the utilization curve 
multiplied by the maximum number of parking spaces.  

Whereas cars occupy a parking space with a charging 
station over several time steps, the number of cars already 
parked and the number of free parking spaces are calculated. 
From this the number of newly arriving cars for the current 
point in time is derived. These cars are initialized on the next 
free parking space. When a vehicle is initialized, one of 
three car types with a weighting of 0.33 is selected. A driven 
distance and a duration of stay 𝑡𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛  from the 
distributions is assigned to each new car and hence its 
arrival battery state (1) and the resulting charging duration 
(3) are calculated as follows: 
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𝑄𝑎𝑟𝑟𝑖𝑣𝑒 =
𝑄0

𝑐𝑘𝑚∙𝑥𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
    (1) 

∆𝑄 = 𝑄0 − 𝑄𝑎𝑟𝑟𝑖𝑣𝑒     (2) 

𝑡
𝑐ℎ𝑎𝑟𝑔𝑒𝑚𝑖𝑛𝑢𝑡𝑒𝑠=

∆𝑄

𝑃𝑛
∙

1

𝐶𝑟𝑎𝑡𝑒
∙60

   (3) 

Where 𝑄𝑎𝑟𝑟𝑖𝑣𝑒  is the arrival batterie capacity dependent 
of the consumption per kilometer 𝑐𝑘𝑚  and the driven 
distance 𝑥𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 from the stochastic drawing of the normal 
distribution. ∆𝑄  is the battery capacity which has to be 
charged (2). In this way an overall picture of the car park is 
obtained in each time step and the electrical load demand 
can be calculated.  

For the calculation in the model it is assumed, that the 
driving behaviour of persons with an EV is the same driving 
behaviour as of persons with a combustion vehicle. Further 
assumptions in the model are:  

• All cars are EVs 

• Linear battery charge and discharge 

• No demand side management 

• Neglect reactive power 

• Lossless batteries 

• Neglect maximum charging power of EVs 

• 𝑆𝑜𝐶𝑠𝑡𝑎𝑟𝑡 = 100% 

• 𝐶𝑟𝑎𝑡𝑒 =  1 

Where 𝑆𝑜𝐶𝑠𝑡𝑎𝑟𝑡  describes the State of Charge (SoC) at the 
beginning of a ride and the 𝐶𝑟𝑎𝑡𝑒 is a value for the discharge 
or charge rate of the battery. In general, the SoC value 
describes the charged percentage of the battery capacity.  

B. Charging Power and Energy Consumption 

With the mobility model it is possible to calculate the 
daily load profile dependent on the utilization 𝑈(𝑡) and the 
optimal number of parking lots 𝑁𝐶𝑎𝑟𝑃𝑎𝑟𝑘. 

𝑁𝑎𝑙𝑙𝐸𝑉𝑠(𝑡) = 𝑈(𝑡) ∙ 𝑁𝐶𝑎𝑟𝑃𝑎𝑟𝑘    (4) 

𝑁𝑛𝑒𝑤𝐸𝑉𝑠(𝑡) = 𝑁𝑎𝑙𝑙𝐸𝑉𝑠(𝑡) − 𝑁𝐸𝑉𝑠𝑂𝑛𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔𝑆𝑡𝑎𝑡𝑖𝑜𝑛  (5) 

𝑁𝑎𝑙𝑙𝐸𝑉𝑠(𝑡) describes the number of all EVs at every time on 
the car park (4). The number of new arriving EVs 𝑁𝑛𝑒𝑤𝐸𝑉𝑠 
depends on the number of EVs which are already parked 
𝑁𝐸𝑉𝑠𝑂𝑛𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔𝑆𝑡𝑎𝑡𝑖𝑜𝑛  in the car park with charging 
facilities (5). This number depends on the duration of stay 
of each EV and the number of charging stations and is 
updated in each time step. In this way, a parking statistic is 
created with the specific data of the EVs, which can be 
retrieved at any time within a day. When the EVs are 
initialized, the charging duration is also calculated (3). This 
information can be used to calculate the number of EVs 
currently being charged 𝑁𝐸𝑉𝑠𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 . Based on the 
assumption that the EVs are charged with the rated Power 
𝑃𝑛 and without a demand side management on the charging 
station, the total charging power per time 𝑃𝑙𝑜𝑎𝑑(𝑡) can be 
calculated and a load profile can be created (6). 

𝑃𝑙𝑜𝑎𝑑(𝑡) = 𝑁𝐸𝑉𝑠𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔(𝑡) ∙ 𝑃𝑛   (6) 

For the planning of new charging stations, it is important 
to know the energy demand 𝐸 of the charging infrastructure. 

The hourly energy consumption as well as the total energy 
consumption of a day is calculated from the previous 
calculated load profile (7). 

𝐸 = ∑ ∫ 𝑃𝑙𝑜𝑎𝑑
𝑖 (𝑡)𝑑𝑡

60

𝑡=1
24
𝑖=1    (7) 

With the help of these equations, peak loads can be 
identified, e.g. the EV penetration increases. This result can 
be used by a distribution system planner to evaluate the EV 
charging profile on the existing network and for the 
planning of the charging infrastructure.  

C. Simultaneity Factor 

An equally important factor for planning and design of 
electrical systems is simultaneity, given the fact that an 
electrical system seldom requires the power of all installed 
components at the same time. The power specification 
considering a simultaneity factor (SF), affects the design of 
the supply line on the one hand, and the required power 
rating of the system on the other hand [6]. The SF describes 
the probability of simultaneously using of all electric 
devices under rated power in a system [7]. 

At present, there are no approved planning tools for 
determining the simultaneity of charging infrastructures. 
Therefore, an individual SF must be calculated for each car 
park. To calculate the SF of a system, the ratio of the 
maximum power 𝑃𝑚𝑎𝑥  to the installed power 𝑃𝑖𝑛𝑠𝑡  is 
introduced (8).  

𝑆𝐹 =
𝑃𝑚𝑎𝑥

𝑃𝑖𝑛𝑠𝑡
     (8) 

The installed power is calculated by the number of 
charging station multiplied with the rated power. With the 
increasing number of charging stations, the maximum 
power of a system also increases. This is related to the SF 
and can be calculated as: 

𝑃𝑎𝑔𝑔 = 𝑆𝐹 ∙ 𝑃𝑖𝑛𝑠𝑡     (9) 

Where 𝑃𝑎𝑔𝑔 is the maximum aggregated power within a 
day.  

IV. RESULTS 

A. Mobility Model 

In the following, the results of the mobility model are 
explained using the example of a supermarket car park 
during weekdays. The maximum number of 100 parking 
spaces is specified and considered in the utilization 
distribution. The investigation simulates the car park with 
10 charging stations and with 100 charging stations (100% 
electrification) during the visiting hours. The duration of 
stay as well as the driven distance refer to the stochastic 
draw around the mean values 𝑡�̅�𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 30 𝑚𝑖𝑛  and 
�̅�𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 7.5 𝑘𝑚. The results of the mobility model are 
independent of the later calculated load profiles. 
Furthermore Table 4 shows the considered EV types of the 
model. 
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TABLE 4. CAR TYPES IN THE MOBILITY MODEL 

Car type Battery capacity 𝑸𝟎 
[kWh] 

Consumption 𝒄𝟏𝟎𝟎𝒌𝒎 
[kWh/100 km] 

Small 8.7 12.9 

Middle 24.7 14.2 

Big 81.4 16.5 
 

The daily statistics of the supermarket with 10 installed 
charging stations are shown in Fig. 2 where the number of 
EVs is shown for one day. The black line shows all EVs 
within one day. The grey line shows all EVs which cannot 
use a charging station and have to park on a parking space 
without charging station. The light grey line shows the EVs 
parking on a parking space with a charging station. Due to 
the limited charging facilities these will be continuously 
occupied. 

 
Fig. 2. Car park statistics with 10 charging stations 

 

Fig. 3 shows a full electrification of the car park. Here 
the car park is equipped with 100 charging stations. Based 
on the utilization distribution (line: all EVs), all EVs with a 
charging requirement can be operated from a number of 
approximately 65 charging stations at the car park. 
Accordingly, there is a surplus of parking spaces with 
charging stations in comparison to the number of EVs. All 

EVs that previously had no charging facilities and had to go 
to other parking spaces can now park at a parking space with 
a charging station. The grey line is now the number of EVs 
that are arriving at the car park in each time step and in a 
next step the EVs are parked in a free parking space with 
charging station. After finishing the duration of stay the EVs 
leave their parking space. 

 
Fig. 3. Car park statistics with 100 charging stations 

 
The EVs, which are connected to the charging stations 

within a day, provide information about the charging 
statistics of the car park. In addition, the electrical 
independence of the mobility model considering load 
profiles allows any extensions of the model and further 
investigation possibilities. 

Table 5 shows the results of the investigation of the SoC 
distribution of the EV when leaving the car park with an 
average duration of stay of 30 minutes and a 
𝑆𝑜𝐶𝑠𝑡𝑎𝑟𝑡 =  100%. The relative frequency of fully charged 
EVs is related to the increase in the charging power level 
and the increase in the distance. An increase of 10 km and 
an increase of one charging power level show comparable 
charge status distributions (bold boxes). Doubling the 
charging power via fast chargers (>22 kW) and the distance 
are also related to this. 

 

TABLE 5. EVALUATION OF SOC IN RELATION TO CHARGING POWER AND DRIVEN DISTANCE (AFTER 30 MINUTE CHARGING TIME) 

 
 

Avg distance 

SoC 
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B. Synthetic Load Profiles and Energy Consumption 

The resulting charging power can be investigated in 
different ways. The model has to be parameterised before 
the calculation by specifying the number of charging 
stations and the rated power of each charging station. In the 
following, the charging power will be investigated when 
changing the electrification of the car park or changing the 
rated power of the charging stations. The results present the 
power (grey bars) as well as the corresponding charging 
EVs (black line) at any time. The daily maximum power and 
the probable time of occurrence can be taken from the load 
curves. Fig. 4 shows the load curve of 10 charging stations 
with a rated power of 3.7 kW. There are no significant peak 
demands, because the parking spaces with charging stations 
are occupied most of the time and the EVs are charging. The 
reason for this is the relatively short duration of stay in 
comparison to the charging time of the EVs. The statistics 
at the end of a parking duration of an EV show that not all 
EVs are fully charged with 3.7 kW. 

Fig. 4. Load curve and charging cars with 10 charging stations and 
3.7 kW rated power 

In Fig. 5 the load curve and number of charging cars 
with 10 charging stations and a rated power of 11 kW per 
charging station are shown. The charging power of the 
charging stations have to be adapted to the duration of stay, 
from which the rated power of the charging stations can be 
derived in order to fully charge all EVs as far as possible. 
Due to the dependence of the charging duration on the rated 
power, it is possible that a too small rated power cannot fully 
charge the EVs whereas a too high rated power of the 
charging stations charges the EVs very quickly, so that the 
parking spaces are occupied but not used electrically most 
of the time. Between 2 pm and 7 pm the parking spaces are 
occupied but the vehicles are already fully loaded. Due to 
the lack of demand side management in the car park, high 
power gradients with many peak loads can be observed.  

Fig. 5. Load curve and charging cars with 10 charging stations and 
11 kW rated power 

The shortening of the charging duration in comparison 
to the duration of stay in Fig. 6 at 43 kW rated power 
becomes clearer. This results in very short and high peak 
load, which can have effects on the physical stress on 
equipment such as cables, transformers, and devices. 

Fig. 6. Load curve and charging cars with 10 charging stations and 
43 kW rated power 

The load curve of 100% electrification of the car park is 
shown in Fig. 7 to Fig. 9. In a car park with 100 parking 
spaces and a rated power of 3.7 kW, a theoretical maximum 
power of 370 kW could be demanded. The results in Fig. 7 
show a peak load of 205 kW at 4:15 pm. This means that 
less charging power is required than installed power. The 
investigation with increasing installed power produces 
similar figures, with higher gradient peak loads with 
increasing rated power to 11 kW and 43 kW. If the rated 
power of the stations is quadrupled, a quadrupling of the 
required power might be assumed. However, Fig. 8 shows 
an increase in the peak load of approximately 20 kW and 
Fig. 9 an increase in the peak load of 100 kW. This means 
that the time intervals in which the EVs only occupy the 
parking space and no power is required get longer. As the 
power increases, the number of charging cars during the 
duration of stay decreases. 

The load curves are particularly interesting for system 
operators to investigate the electric system load and their 
components. On the other hand, for car park operators the 
energy consumption per year can be interesting. For this 
purpose, it is advisable to consider the energy consumption 
of the car park. The energy consumption at 10 charging 
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stations is relatively constant during the opening times. This 
makes is easy to calculate the energy required in a year 
considering all days of a week. With increasing the 
electrification of the car park, there is a significant energy 
demand in the rush hours. The model supports the 
calculation of the annual energy. 

Fig. 7. Load curve and charging cars with 100 charging stations and 
3.7 kW rated power 

Fig. 8. Load curve and charging cars with 100 charging stations and 
11 kW rated power 

Fig. 9. Load curve and charging cars with 100 charging stations and 
43 kW rated power 

C. Simultaneity Factor 

The simultaneity of the electric systems provide 
information about the required power in relation to the 

installed power. The results in Fig. 10 to Fig. 12. show that 
the SF (black dots) depends on the rated power of the single 
charging stations and on the number of charging stations. 
For a car park with a rated power of 3.7 kW per charging 
station, the simultaneous use of all charging stations up to a 
number of approximately 30 charging stations is 
maintained. When a number of 65 charging stations is 
reached, there are sufficient parking spaces for each EV in 
terms of parking statistics. The slight weakening of the SF 
in the range 30 to 60 charging stations can be explained by 
the missing fully charged EVs due to the low rated power of 
the charging stations. The aggregated power (grey line) 
increases almost linearly until the 65 charging stations are 
reached, whereas the SF in this interval is almost 1.0. 

Fig. 10. SF and aggregated power at 3.7 kW 

The aggregated power indicates the required power in 
relation to the installed power considering the SF. The 
fluctuating aggregating power results from the stochastic 
drawings from the normal distributions. At this point, it 
should be noted that for other purposes a different SF 
applies and these are calculated individually for each 
application. Since the SF is an important tool in the planning 
of electrical systems, the model can be used to calculate an 
individual SF for different purposes and specific 
requirements. 

Fig. 11. SF and aggregated power at 11 kW 
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Fig. 12. SF and aggregated power at 43 kW 

D. Load Profile of an Area 

The aim of the load profile of an area is to determine the 
charging power of the individual purposes in an area. The 
load curves are calculated and compiled with the help of the 
model. In this way, the stress of a network node can be 
determined in relation to the charging power. Fig. 13 shows 
the load curves of two supermarkets, a shopping center, a 
sports studio and a company. It becomes clear that the 
resulting load curve cannot assume a predictable form due 
to the assumed driving behaviour of the persons as well as 
the installed charging stations. The main reason for this is 
the not available demand side management in the model. 
Exemplary customers like this could be connected to a 
network node. 

Fig. 13. Aggregated Profile of Six locations within an Area 

V. CONCLUSION 
With the development of the mobility model for the 

estimation of load profiles, a tool was created to support the 
planning and execution of the electrification of car parks and 
charging stations. The model was fundamentally developed 
under considering the mobility behaviour of various studies 
and reflects the mobility behaviour on one day of a 
dedicated car park. The resulting EV statistics make it 
possible to estimate the power performance according to 
time and location.  

The results of the model show that with increasing 
electrification of the car parks, the load profiles have 
increasingly clear peak loads at the peak times of the 

respective purpose. The investigation under different rated 
power of the charging stations shows that an excessively 
high rated power in comparison to the charging time and 
duration of stay of the EVs, generates shorter and higher 
peak loads at intervals and thus may damage system 
components. However, too low rated power of the charging 
stations means that the EVs do not leave the car park fully 
charged.  

The model calculates an individual simultaneity factor 
for each purpose. This makes it possible to estimate the 
power required in relation to the installed power for a certain 
number of charging stations. If the charging power of the 
charging stations in a car park is too low to fully charge 
vehicles, the percentage of simultaneous use of all stations 
is almost 100%. Only when there is a surplus of charging 
stations compared to the daily maximum of vehicles the 
simultaneity factor decreases. The higher the rated power of 
the charging stations, the shorter the charging time 
compared to the duration of stay and the correspondingly 
lower the simultaneity factor, since parking spaces are 
occupied but not used electrically for long enough. 

The model can be further developed with demand side 
management on car parks. Furthermore, socio-cultural 
aspects in the individual areas can be modeled by weighting 
of the three car types. 

REFERENCES 
[1]  Bundesministerium für Umwelt, Naturschutz, und nukleare 

Sicherheit (BMU), “Maßnahmenpaket der Bundesregierung,” 
2019. [Online]. Available: https://www.bmu.de/themen/luft-
laerm-verkehr/verkehr/elektromobilitaet/bmu-
foerderprogramm/massnahmenpaket-der-bundesregierung/. 

[2]  Karlsruher Institut für Technologie, “Deutsches Mobilitätspanel,” 
2018. 

[3]  Bundesministeriums für Verkehr und digitale Infrastruktur 
(BMVI), “Mobilität in Deutschland 2017 - Ergebnisbericht,” 
2017. 

[4]  Bundesministeriums für Verkehr und digitale Infrastruktur 
(BMVI), “Mobilität in Tabellen,” 2019. [Online]. Available: 
https://www.mobilitaet-in-tabellen.de/mit/. 

[5]  Google, “Google support - popular times,” 2018. [Online]. 
Available: 
https://support.google.com/business/answer/6263531?hl=en. 

[6]  Nationale Plattform Elektromobilität (NPE), “Technischer 
Leitfaden Infrastruktur” 2013. [Online]. Available: 
https://www.din.de/blob/97246/c0cbb8df0581d171e1dc7674941f
e409/technischer-leitfaden-ladeinfrastruktur-data.pdf 

[7]  Arbeitskreis Maschinen- und Elektrotechnik staatlicher und 
kommunaler Vertriebe, “Planung und Bau von Elektroanlagen in 
öffentlichen Gebäuden” 2015. [Online]. Available: 
https://www.amev-online.de/AMEVInhalt/Planen/ 
Elektrotechnik/EltAnlagen%202015/eltanl2015.pdf 

[8]  VBEW, “E-Mobilität Netzanschluss und Netzverträglichkeit von 
Ladeeinrichtungen,” 2017. 

 

3rd E-Mobility Power System Integration Symposium | Dublin, Ireland | 14 October 2019




