
Stochastic non-routine trips and the potential of Vehicle-to-grid (V2G)

Joachim Geske, Imperial College Business School, +44 (0)20 7594 2744, j.geske@imperial.ac.uk
Overview

Electric mobility is an approach in the transport sector to reduce by CO2 emissions by substitution of fossil drive concepts. Until now, high costs of the traction battery limit demand for electric vehicles. Nevertheless - applied broadly - uncoordinated charging of EVs may stress distribution networks. However, during long unused periods the storage of an electric vehicle may be used for additional charging and feedback. If the latter is coordinated and “smart” the system can be stabilized, thus turning electric mobility from a potential thread to the system into a benefaction. Provided by the right mechanism this benefaction turns valuable, can be reimbursed and thus lowers net EV costs. This appealing technical option to increase utilization of a battery and making everyone better off is called "V2G technology". Unfortunately so far, it is believed that low V2G revenues and induced battery aging will anyway limit the potential of the grid integration of electric vehicles.

While battery ageing by few additional cycles may be limited and delayed charging in the morning might even proof battery live saving, things turn out to be more complicated as the willingness of the user to provide its storage is taken into account. In their empirical user focused analysis Schumann and Geske (2016) show that a guaranteed minimum range is crucial for the participation in V2G - not the remuneration. Beyond this minimum range vehicle users are already willing to integrate their batteries into the grid for very low compensation. This can be interpreted as very low opportunity cost of providing the storage for V2G as long as minimum range requirements are fulfilled. This issue is less appropriately overdrawn by the question “Why should an EV user participate in V2G?” than by the question “Why should he not?”.

The description of these features of consumer behaviour is straightforward - less is the rational motivation. The aim of this analysis is to model the supply of V2G services by vehicle users in a way that explains the empirical results of Schumann and Geske (2016). Based on the original notion of Kempton and Letendre (1997) that, a “…‘range buffer’ (of 32 Km) represents a perceived need to allow range for any unanticipated trip, from emergency medical care to the urge for a particular snack.” we develop a stochastic optimization model of EV user behaviour. The modelling of the supply is thus guided by the hypothesis that “unanticipated trips” can be interpreted as “Non Routine Trips” (NRT, for an introduction e.g. Millonig et al. 2010) and NRTs are motivated by a stochastic desire for mobility. In that sense vehicle users hold a minimum range available, to safeguard against the "risk" of losing utility by not being able to execute NRTs.

This model is quantified with data of NRTs and electricity price processes. Utility parameters are calibrated to meet minimum range results of 30 Km. The model is solved numerically and features of Schumann and Geske (2016) are replicated. The verified model is finally used to improve revenue estimates and for counterfactual analyses that help to design business models.

Methods

We formulate a dynamic stochastic decision model (Markov Decision Process) for energy storing in the vehicle battery in 10 minutes time slices. The decision-maker maximizes individual utility, which consists of fulfilling the desire for mobility and the revenues from arbitrage trade by loading and unloading the vehicle battery. The vehicle user determines the loading strategy to maximize the arbitrage revenues, while minimizing the suffering from the unfulfilled desire for mobility in case of an empty storage.

A simple stochastic electricity price process is estimated with data on electricity prices and the stochastic process that drives the desire for mobility is quantified using data of duration and frequency of non-routine trips. The stationary model is solved to investigate its properties and to show its ability to explain the empirical facts of Schumann and Geske (2016). Finally the model is solved as simulation with a 24 hour time structure of average energy prices and routine trips.

Results

The decision model deepens the understanding of the processes that guide the supply of V2G services. It becomes possible to define/interpret the minimum-range as the level of storage, below which loading occurs independently of the price level for controlled charging - with and without power feedback (Figure 1 and 2). Further it can be shown that in the stationary model the minimum range responds inelastic to additional revenues - as it was found in the empirical study. Finally the verified model is used to assess the storage volume available for arbitrage in a 24 hour simulation considering an average price dynamic and typical routine trips. Thereby the revenues of V2G are reestimated.
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	Figure 1: optimal loading strategy with smart charging and feedback depending on the state of charge and electricity price (blue un/loading if price is low, red high); on the left side: probabilities of the state of charge [%].
	Figure 2: smart charging no feedback. Minimum range decreases, but probabilities of being in a high state of charge is higher.



Conclusions

The permanent "risk" of a desire for non-routine trips is economically and technically crucial for the potential of the V2G technology - not rare routine trips and low revenues. The according minimum range has to be held available constantly. It thereby reduces the revenue potential more than expected. However, concerns revenues might prove insufficient to motivate for the participation turn out to be too pessimistic. This insight could change the assessment of the potential of the technology. In summary, the decisive question given a sufficient minimum range is not "Why should vehicle users participate in V2G?", but "Why should they not participate?"
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