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Overview
The “Energy Turnaround” in Germany aims to reduce fossil fuel usage in favor of renewable energy sources (RES) in order to decrease greenhouse gas emissions. In the transportation sector, a transition from combustion engine based vehicles to electric vehicles (EVs) can support this objective.

Another objective of the German and European energy turnaround is to improve energy efficiency. Comparing EVs and combustion engines shows that the engine efficiency of EVs is significantly higher. Therefore, this can be one step towards reducing energy use (and decrease the high oil dependence of Germany). 

Due to the growing share of RES in the power generation mix, the fluctuation of the supply side increases and this is hardly controllable. This is a downside of the renewable energies. To ensure the stability of the power grid, broad investment programs in grid and storage appliances will be launched. Other alternatives are seen in demand response (DR) measurements. Hence, the charging of EV might act as controllable loads in storing energy during times of oversupply in the future.
This paper addresses the possibilities of using commercial and private fleets of EV as controllable loads (i.e. controllable electricity consumption in time and power). It addresses the quantification of their load shifting potential [1], considering given mobility patterns, limits of local charging infrastructure, vehicles, and different types of customers. Hereby, the main focus is on the integration of RES (i. e. photovoltaic (PV)). The prospect of uncoordinated charging is explored. Furthermore, the potential of CO2 emission reduction by EV and the different perspective of various fleets of EV are analyzed. The assessment is based on a multi-agent based simulation platform. The results show that with the respecting scheduling algorithm PV is very capable for the integration into the charging process of EV. Especially commuters have a high potential to adapt their charging behavior towards PV integration. 
Methods
A foreseen increasing share of EVs in the market [2] might affect the grid load (i.e. peak power) considerably – in the low voltage grids [3] in particular. Furthermore, the average energy consumption of a representative household is more or less doubled by using EVs – even though the national energy consumption is only increased by a few percent (cf. [4] and [5]). Through DR measures EV can be used as a flexible load in order to overcome the resulting challenges in residential low voltages grids. The corresponding load shifting potentials might equalize the supply side fluctuations and could therefore help to increase the share of electricity generation by RES (cf. [5] and [6]). Furthermore, a release of the grid and an increase of the capacity utilization of conventional power plants (i.e. increasing of profitability) can be achieved. 

Different charging strategies for fleets of EV need to be evaluated. The examined commercial fleets of EV are organized within a fleet management system. Hence, the overall problem for charging is a scheduling problem. Constraints, which are based on a limitation of the available amount of electricity for charging the fleets or by technical grid constraints, arise. If there is no charging strategy implemented (‘uncontrolled charging’), an EV will charge as soon as it returns to the charging station and the following conditions are fulfilled: Firstly, it must be completely connected to a charging point (including authorization (cf. e.g. ISO15118) etc.) and secondly sufficient charging electricity must be available (i.e. with respect to the underlying energy system). If the load is limited, the charging process has to be postponed [7]. Two types of charging points are considered: Mode 2
 (3.7 kW) and Mode 3 charging (up to 22kW).
The corresponding charging strategy is uncoordinated charging, which means first come first serve. Apart from that, smart charging strategies for the best possible integration of RES are considered. Those are based on the PV feed-in data to the grid. With this strategy the goal to reduce CO2 emissions is followed. 
In this paper identified challenges are, for instance, how the different types of customers are affected by synergetic charging, which means a customer uses a common public charging infrastructure, e. g. in a parking garage. In such an environment – apart from having not enough charging points – other problems, such as grid restrictions, lead to further aspects, which need to be considered. Under these circumstances, the charging of different fleets needs corresponding prioritization rules that release the grid and simultaneously satisfy all customer requirements. The different fleets include commercial fleets, where the booking is managed through a fleet management system and private EV during short as well as long-term parking conditions (during working hours or during night) at a charging point. In this simulation, all three fleets have the same priority for charging. 

The project ‘Integrated fleet and charge management’ from the program ‘Showcase electromobility’ of the German Federal Government is used as a data source.

For answering the research questions, a multi-agent based simulation tool is used. It allows to represent diverse agents interacting with each other. Agents are defined to characterize EV, customers with individual driving profiles and preferences (incl. bounded rationality), the fleet management system, electricity feed-in of PV and charging stations. Different scenarios are analyzed applying statistical methods in order to identify charging strategies for different system conditions.
Results
The results indicate that the load shifting potential of fleets of EV facilitates the integration of electricity generation by PV and releases the grid. Hence, even for several closely positioned Mode 3 charging points, an expensive grid extension can be avoided through the corresponding charging scheduling algorithm. 
Accompanied by a higher share of RES for charging, is the increasing potential for CO2 emissions reduction of EVs, especially the charging behavior of the EV fleet of commuters can be shifted towards PV generation. The growing potential for CO2 emissions reduction of EVs is a major reason for EV users for their purchase decision [8].
Conclusions
This paper gives an outline of load shift potentials for different fleets of EV using a multi-agent based simulation. The model includes different charging points, charging strategies, and charging scheduling algorithms for different system conditions. The resulting technical load shifting potentials are, for most EV, surprisingly high. An integration of (local) electricity generation by RES is, therefore, very promising and leads to a release of the local electricity grid. The generated PV energy of the regarded parking garage can be used nearly up to 100 % all over the year, if a smart charging schedule algorithm for the integration of the PV is implemented. Especially the charging behavior of commuters can be adapted towards PV integration. This leads (especially in Germany) to a reduction of CO2 emissions, which is highly desired by current EV users. Commercial fleets charging processes can be shifted towards night time which might be interesting for grid support. 
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� Following the specification of charging modes by IEC 61851-1.





