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Overview
The principle goal of this analysis is to quantify the annual net microeconomic benefits provided by participation in vehicle-to-grid (V2G) energy storage. The concept of V2G energy storage is premised by the idea that the battery packs in electric vehicles can be used as mobile grid storage devices if the vehicles have access to convenient points of grid connection. In general, consumer driving behavior can easily be estimated for the normal commute to and from work. Logic-driven economic modelling can be utilized to predict the number of time periods throughout the year when an economically-informed V2G participant would be willing to sell the electricity from his/her battery back to the utility grid. V2G economic benefits can be used to lower the overall cost of ownership of electric vehicles, thereby making their purchase more attractive to the everyday consumer. As adoption of this technology increases, the possibility of a quantifiable amount of load shifting and peak levelling exists. Smart charging algorithms can be used to delay electric vehicle charging until periods of low demand. Intelligent information systems such as the Wi-Fi-connected smart grid can enable the ability for real-time price signals to be conveyed to electric vehicle owners. If adoption of V2G systems happens on a large enough scale, utilities can benefit by reducing the need for their costly peak power generation units.
Methods

A combination of user input and logical operators were used to construct an hourly economic model in Microsoft Excel using 2010 – 2014 electrical system data from the New York City zone of the New York Independent System Operator’s service territory. Consolidated Edison’s voluntary time-of-use electricity rate was used to simulate the cost of charging an electric vehicle throughout the year. The model’s user interface allows the selection of various battery electric vehicle makes, models, and sub-models. Grid connection point data is taken from the manufacturer’s specifications for each car’s on-board level 2 charging system. The user has the ability to select the distance of commute to and from work, the time his/her work day begins, and the desired market price above which he/she would be willing to sell battery electricity back to the grid.
Hourly zonal load and location-based marginal price data is used to estimate the yearly net economic benefit – relative to the money spent on charging for the user’s normal commute – of participation in V2G energy storage. Three different schemes of V2G energy storage were created: an arbitrage-guided scenario, a work-hour price taker scenario, and a user-defined selling price scenario. Each scenario is constructed using logical operators to simulate a “smart charging” algorithm. This algorithm only allows battery charging and discharging during time periods when the set of each specific scenario conditions are met. Battery degradation costs associated with increased cycling of the electric vehicle’s battery during V2G participation are also taken into consideration while calculating the net economic benefit of the scenarios.
Results
In the user-defined selling price scenario, input variables derived from various published articles and forecasts create a 5-year average annual economic benefit within the range of $23 to $134. This V2G benefit is generated with the existing battery electric vehicles available if the user sets his/her selling price at the optimal price of $0.36/kWh. Of all current vehicles available, the Tesla Model S shows the largest potential to profit from V2G participation. This is due, in large part, to the relative size of the Tesla’s battery pack – 70 kWh or 85 kWh as compared to 22 kWh for the average electric vehicle available today. The larger battery pack allows the Tesla automobiles to commit more energy to V2G energy storage, thereby increasing V2G profits.

Sensitivity analysis identified that the strongest influencers on annual economic benefits are the user-defined selling price of electricity and the characteristics of the car’s battery pack. In regards to selling price, the model shows that price taker behavior, while increasing sales revenue because of increased willingness to sell electricity to the grid, is economically unfavorable in V2G systems. This is because of the battery degradation costs associated with increased cycling of the electric vehicle’s battery pack. Current battery technologies only allow a useable battery cycle life of <5,000 cycles which can be seen as a technological barrier that acts as a financial deterrent to price taker behavior. Furthermore, if the user sets his/her defined electricity selling price less than $0.15/kWh, he/she will experience a negative 5-year average net economic benefit from participation in V2G electricity storage. This result indicates that it is more favorable to take advantage of hours with expensive locational electricity prices rather than indiscriminately sell electricity at any rate.  
An analysis of the influence of battery storage size on net economic benefits shows that storage capacity is a large determinant of benefits. This analysis estimates benefits ranging from $20.80 to $143.98 when varying the size of battery storage capacity between 16 kWh and 150 kWh. Furthermore, the average annual gain per additional kWh of storage is approximately $0.92/kWh-yr. The storage size above which annual economic benefit gain is less than $1.00 is 48 kWh. For the set of conditions in this analysis, with 48 kWh of on-board storage capacity and the Tesla’s characteristics, an average yearly economic benefit of $111.89 is estimated.
Conclusions
The results of this analysis show that, although small, there exists the potential for a positive economic benefit associated with the participation in vehicle-to-grid energy storage service. Furthermore, positive economic benefit is created using current battery electric vehicle technology, actual electricity load data, and an adequate approximation of the early stages of real-time electric utility pricing models. However, the single user maximizes personal benefit using mechanisms such as smart-charging algorithms and real-time pricing signals. The fact that a user informed by perfect or near-perfect information would limit discharge activity creates an opportunity to explore the benefit that a large-scale V2G system would actually provide to the electric grid operator. For this system to be implemented in the real-world, it must show positive benefit not only to the electric vehicle owner, but also to the grid operator and electric utility. The next steps of this analysis are to examine the extent to which electricity demand peaks will be reduced and load levelling will occur assuming that multiple individual V2G participants utilize one of the schemes presented in this analysis. 
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