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Motivation

Interest in and demand for electric vehicles (EVs) is growing strongly. Reasons are the increasing
awareness of climate change, as well as the commitment of car manufacturers to substantially reduce
the CO2 emissions of their fleet by 2030. One of the biggest challenges associated with this development
is the provision of appropriate charging infrastructure (IS). Major questions include, not only where
charging can take place (e.g. private and public charging, charging at work, etc.) and at which charging
speed and capacity, but also how the temporal distribution of this load develops. Whereas for single-
family buildings and small company applications, many projects have already been conducted, research
on optimal IS in large-scale residential buildings and the implementation of an optimal load management
(LM) for this application has been scarce. The main objective of this paper is to analyse various LM
strategies for EV charging in large-scale residential buildings, determined to meet the growing demand
for E-Mobility and considering to which extent these strategies may offer relief to the distribution grid.
This research is carried out within the cooperative R&D project URCHARGE powered by the Austrian
Climate and Energy Fund within the programme “Zero Emission Mobility” with a focus on IS.

Method

To determine the EV charging demand, we assume a scenario in 2030, with a 30% share of EVs in
individual transport [1]. Our simulation includes 150 parking spaces, whereas 50 of them require
charging IS. The building in total consists of 200 households with typical size distribution and household
electricity consumption. Typical Austrian EV charging profiles are determined from a study analysing
usual driving purpose and distance [2]. In a first assumption by our project partners, the required
charging capacity per EV is determined as 1kW. This is gathered in a pool resulting in 50kW of available
charging power for the 50 EVS (Proq;,)- Testing this assumption shall be a result of our paper. The
battery capacity of the EVs is 40kWh for 80% of the cars and 60kWh for the remaining 20%. Their
consumption is modelled to be slightly higher in winter than in summer, due to additional power
consumption for heating and the batteries temperature sensitivity [3].

Overall, 85% of charging shall take place at home. We define the maximum charging capacity at the
private stations in the building as 11kW, whereas public charging stations operate at 22kW. For the
charging costs, we set different tariffs such as a flat rate, time-dependent tariff or the expected electricity
spot prices in 2030, depending on renewable power feed-in, which we estimate from the potential
renewable electricity capacity derived from a study carried out by TU Wien [4]. Another research
guestion concerns the value of customer information on charging demand. We therefore assume
different levels of demand foresight in the model or force to achieve a specific battery state of charge.

The model is set up as a linear optimization model with the aim of minimizing the costs of EV charging.
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Results

In this abstract we present preliminary results that show the operation of a basic LM approach with 100%
demand foresight and optimization according to demand. The results already indicate the required
incentives through pricing schemes, to either achieve a shift away from load peaks for the benefit of the
distribution grid or towards times of high renewable electricity generation. Figure 1 shows the charging
demand for all 50 EVs at a flat rate price per kWh compared to a time of use (ToU) price with higher
prices at times of high household load. At a flat rate price, the charging starts at return at the home
station and largely coincides with the household load peak in the evening. ToU pricing, however,
promotes a shift of charging into the household load valleys, offering relief to the distribution grid. In our
final paper, we show more significant results on how different LM approaches and pricing schemes
affect the load pattern.

In Figure 2, the load peaks of EV charging demand are displayed together with an exemplary power
generation pattern of Wind and PV expected in 2030. Whereas with flat rate pricing, charging mainly
occurs in the evening times when PV is not generating electricity, the ToU pricing leads to a shift into
morning and noon times making use of the PV power availability — even if this type of pricing does not
directly relate to renewable energy availability. The results look different, of course, if we force a certain
state of charge of the battery in the morning, shifting charging load into the night hours. Our final paper
aims at using electricity prices as an input to charging demand, to move charging load towards times of
high renewable power generation and potentially low CO2 impact.
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Figure 1 Charging load vs. household load Figure 2 Charging load vs. Renewable Power

Conclusions

As can be seen from the figures above, in a scenario of 100% demand foresight, there is still potential
for charging load to be shifted to times of low household demand, implying that a further decrease of
the required total available charging power (50kW) is possible. This will also be elaborated for situations
with less demand information in our paper. Our results show that the appropriate incentives through
pricing schemes have a valuable benefit for the power distribution grid and more information about
charging demand supports LM efficiency. With an increase in LM, shifting peak demand hours into
“valleys”, a manipulation of currently existing, very predictable load patterns occurs. Furthermore, we
do see a potential impact of additional power demand through EVs on the electricity mix consumed, if
peak hours increase. This leads to a negative impact on the CO:2 balance, as long as Europe’s electricity
market is not 100% renewable. In our final paper, we aim at analysing these vast impacts and find
solutions for a beneficial distribution of the EV charging load.
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