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Abstract

Prospectively regional infrastructure for charging of electric vehicles

The actual change of mobility requires an increase of electric
vehicles in the future. It is important to ensure a sustainable
supply of the charging energy. Therefore, the charging of
electric vehicles overnight in a private car-parking location is
of interest. The electrical loads on the low-voltage grid have
to be analyzed as well. Assuming that all electric vehicles
begin to charge as soon as they reach their private location in
the evening, the low-voltage grid is already loaded with a
small number of connected electric vehicles. A further
increase in the number of electric vehicles would require a
costly grid expansion.
To avoid this occurrence, an innovative solution for the
overnight charging of electric vehicles in private locations is
presented. Thus, the investment costs of a charging point for
electric vehicles can be minimized. The implementation of
this solution at all charging points allows to fill up the lowload range of the standard load profile overnight. As a result,
an overlap of the charging load with the evening high-load
range of the standard load profile can be prevented.
Therefore, the number of electric vehicles in a low-voltage
grid can be efficiently increased.
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Figure 1: Classification of the charging locations of electric
vehicles

The public and semi-public charging locations will
serve a large part of the daily three-phase charging of
electric vehicles in the future. High charging
capacities can be realized by using the three-phase
charge. Thus, short charging times are possible. This
is very advantageous because the charging processes
are to be regarded as a secondary benefit while
parking for shopping or other means of daily life. This
allows the electromobility to be integrated ideally into
general movement patterns of individual motorized
mobility.
Due to the high proportion of electric vehicles being
charged in the private locations in the future (about
60 % [FHG]), it is important to examine this matter in
more detail. The charging variants have to be
differentiated as shown in Figure 2.
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Main contribution

As part of a doctoral project, the future load of the
electromobility at the low-voltage grid was analyzed
[Götz1] [Götz2]. It has been realized that charging
locations and charging variants have to be
differentiated. The charging locations are defined by
the ownership of the land, the idle time and the
charging power. Figure 1 shows the performed
classification.
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Figure 3: Charging and standard load with uncontrolled
charging
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By influencing the charging start time, the charging
process does not start immediately after the electric
vehicles arrived on private location, but rather with a
delay. This delay can be realized by a centralized
charging management which requires an extensive
infrastructure of information and communication
technologies (ICT).
This influence by the charging management can be
carried out depending on different control
parameters. A control parameter could be the
proportion of electrical energy simultaneously fed
into the grid by renewable energy plants or the
current price of electrical energy.
However, a centralized controlled charging process is
not mandatory. With a decentralized controlled
charging (random charging), an extensive and costly
infrastructure of information and communication
technologies can be dispensed. A technical realization
of this random charging variant was announced as an
invention on 23.10.2012 labeled "switching-delayed
outlet (SVSD)" [Pat].
This random charging variant takes advantage of the
idle times of electric vehicles in the overnight private
charging locations. Due to the single-phase charging
of electric vehicles, the grid expansions are
minimized. In the random charging variant, only one
independent switching-delayed outlet at each
charging point is necessary.

Figure 2: Classification of charging-variants

The term "Connect and forget" is the principle of
starting the charging process of an electric vehicle as
soon as it is connected to the electrical power system
(plugging) immediately and without influence. The
electric vehicles are controlled even if the charging
process is started with a delay.
Basically, these charging variants are differentiated
into an acceptable number of electric vehicles on a lowvoltage grid until encountering an overload of the local
low-voltage grid transformer.
In addition to the rated load of the low-voltage grid
transformers, the utilization factor m of network
elements (cables) has also proven to be critical. This is
the ratio of average load Pm to the maximum rated load
of a cable Pr.
𝑃m
𝑃r

Since, the maximum rated load Pr, depends on the cross
section area of the cable and the results should be
generalized, the use of the utilization factor m for the
tests is not sufficient. A general and equivalent
description of a load profile can be achieved with the
recently defined characteristical utilization factor mc,
which is defined as follow and would amount to 1 at
every constant load profile:
𝑚c =
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The nightly low-load range of the standard load
profile can be filled by a random distribution of
charging. For this purpose, numerous simulations for
grid load have been performed at different numbers
of electric vehicles in selected real low-voltage grids.

𝑃m
≥𝑚
𝑃max

By uncontrolled charging, the acceptable number of
electric vehicles is the lowest, because all electric
vehicles are charging during the high-load of the
standard load profile in the evening (Figure 3).

The following influences are considered by the
modelling of the charging process:
- Statistical distribution of arrival time
- Variation of charging energy demand
- Start time of charging
- Statistical distribution of restart time
The statistical distributions of arrival and restart
times were generated from the data of the study
"Mobilität in Deutschland" [MID]. The resulting
empirical distribution functions have been
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Figure 5: Determining the acceptable number of electrical
vehicles in one low-voltage grid

The determined acceptable numbers of electric
vehicles for the different charging variants are
compared. It is noteworthy that in the random and
decentralized controlled charging variant, up to 5
times more electric vehicles can be charged,
compared to the acceptable number of uncontrolled
charging until overloading the low-voltage grid. The
acceptable number of electric vehicles reaches
already the expected number of electric vehicles in a
low-voltage grid of 12,5 % of all passenger cars [NEP].
Furthermore, the simulations have shown that even
the theoretical maximum number of electric vehicles
(100% of passenger cars are electric vehicles) can be
charged by the innovative random charging variant.
This knowledge is visualized in Figure 6.
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incorporated into the modeling. For the modeling of the
varying of charging energy demand of every electric
vehicle by a constant charging power (3 kW), the chisquared distribution was assumed because this
distribution reflects the unbalanced characteristic very
well. The resulting charging load profile for an
uncontrolled charging process is shown in Figure 3.
For the effective displacement of the load into the
nightly low-load range of the standard load profile, the
selection of the charging start time is considered as
crucial impact. In this purpose, charging load profiles
has been modelled with different theoretical
distribution functions. Efficient displacement was
achieved with normally distributed start times of
charging processes.
This displacement of the charging load into the nightly
low-load range is visualized in Figure 4 showing two
charging variants of 300 electric vehicles with random
distributed charging start times and different
distribution parameters.
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Figure 4: Random distributed charging load during the night
with different distributed charging times
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As a result, quantitative information about the
acceptable number of electric vehicles in the selected
low-voltage grids are available. These statements are
based on special charts created by simulations.
Figure 5 shows a special chart for a typical annual
energy demand of a low-voltage grid of 1000 MWh. On
the basis of the numbered steps in figure 5, the
acceptable number of electric vehicles for a given
maximum load (rated load of the low-voltage grid
transformer) can be determined. Subsequently, it is
possible to make additional statements about the
utilization factor m.
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Figure 6: Comparison of the acceptable and expected
number of electric vehicles in one low-voltage grid

Conclusions

A more efficient use of resources in the
implementation of a charging infrastructure for
electric vehicles can be achieved. Therefore, a
centralized controlled charging management with an
extra and costly infrastructure of information and
communication technologies for overnight charging at
private location is not necessary. Moreover, a grid
expansion is dispensable as well [Götz3].
The gained insights through simulations on real lowvoltage grids are generalized, thus becoming
applicable on any other low-voltage grids.
Consequently, a long-term optimal planning of lowvoltage grids is ensured.
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