

Overview

Plug-in hybrid electric vehicles (PHEVs) can become valuable resources for an electric power system by providing vehicle to grid (V2G) services, such as energy storage and ancillary services. We use a unit commitment model of the Texas power system to simulate system operations with different-sized PHEV fleets that do and do not provide V2G services, to estimate the value of those services. We demonstrate that a PHEV fleet can provide benefits to the system, mainly through the provision of ancillary services, reducing the need to reserve conventional generator capacity. Moreover, our analysis shows that PHEV owners are made better off by providing V2G services and we demonstrate that these benefits can reduce the time it takes to recover the higher upfront purchase price of a PHEV when compared to other vehicle types, such as conventional gasoline vehicles. Our results also show that the system operator (SO) can achieve significant efficiency gains in the commitment and dispatch of the power system if it has flexibility to control the timing of PHEV charging. This is because PHEV charging can be timed in such a way to allow more efficient generators, which could not be run due to operational constraints, to be used in place of higher-cost generation.

Methods

Our analysis is based on case study of the Electricity Reliability Council of Texas (ERCOT) power system. We model the power system using a unit commitment model and couple it with a PHEV driving and charging model. The case study uses detailed power system, driving, and vehicle characteristic data. We use generation cost as the primary metric of the value that PHEVs provide and compare ownership costs to drivers based on upfront purchase and gasoline costs.

Results

Our results show that PHEVs and V2G can have a noticeable effect in reducing power system operations costs. If the SO has flexibility in timing PHEV charging, the incremental cost of the charging loads can be extremely low due to efficiency benefits of co-optimizing commitment and charging decisions. We show that such efficiency benefits are lost if charging decisions are made independently. V2G can further reduce operation costs, mainly by providing ancillary services, such as spinning and non-spinning reserves. Although PHEV batteries can be used to provide energy arbitrage-type services, the reduction in cycle life of the vehicle battery makes this impractical in all but a handful of hours.

Conclusions

Our analysis shows that V2G is an economically attractive option, both to vehicle owners and the system. Assuming that an appropriate remuneration scheme and some method of resource aggregation can be devised, we surmise that this option should help to encourage PHEV adoption by reducing the lifetime ownership cost of the vehicle.
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