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Overview

It is anticipated that more electric vehicles (EVs) will penetrate the U.S. automobile market over time. We consider the energy security implications of these vehicles and the fuels that they consume. These vehicles operate on electricity either in whole (battery electric vehicles (BEVs)), or in part (plug-in electric vehicles (PHEVs)), thereby displacing conventional transportation fuels, such as gasoline and diesel.  The increasing use of electricity in vehicles in the U.S. is expected to reduce U.S. oil imports over time.  Lower U.S. imports of oil, in turn, will reduce financial and strategic risks associated with potential oil supply disruptions or cost spikes. This paper seeks to quantify, to the extent possible, the energy security benefits of EVs. 
Methods

The methodology applies and extends a security premium approach previously used for energy security analyses. For each PHEV type, the estimated average fraction of driving miles based on stored electricity rather than petroleum (the utility factor) is based on the SAE standard method SAE J2841, 2010[1]. Given estimated on-road fuel economy for a conventional midsize vehicle and HEV, the utility factor yields an estimated on-road rate of gasoline consumption per average mile travelled for each vehicle type.  Expected VMT per vehicle is based on updated vehicle travel estimates for 2025. Given the reduction in petroleum use per vehicle the energy security benefits per vehicle are estimated by computing the associated a marginal security premium [2].  This analysis uses a small oil market model to estimate the monopsony effect of marginally reduced U.S. oil imports, as well as estimate the marginal change in U.S. economic costs from oil supply disruptions given lower consumption and imports.  The latter addresses factors including the likelihood of disruptions and the application of strategic buffer stocks; the portion of direct disruption costs anticipated and internalized; the potential marginal effect of import reduction on disruption size or risk (assume zero for latter); and the marginal effect of changed imports and consumption on sensitivity to disruptions.  Ranges of security benefits are constructed by including relevant parametric uncertainty along with oil supply disruption uncertainty in the Monte Carlo simulation of marginal economic effects.  This yields the oil security premium-based estimates of average benefits from petroleum displacement.  We also consider the risk to electric vehicle owners of electricity supply disruptions, and the economy-wide energy security benefit of the added flexibility PHEVs offer to alter short-run fuel choice mix in response to changing oil prices.  This extends the work of Lemoine [3] and others that considered the private option value of dual or flex-fuelled vehicles
Results

The results of the study are per vehicle estimates of the energy security benefits of PHEV20s, PHEV40s and BEVs. The estimates break out total energy security benefits per vehicle into monopsony benefits as well as the expected benefits from avoiding macroeconomic-disruption costs.  For example, for a PHEV40 in 2025, the estimated average energy security benefits from incremental petroleum import reduction relative to an advanced 2025 conventional vehicle range from $807 to $2087, with a midpoint of $2040.  It is noted that the flexibility/option value estimates are preliminary, and certain security-related factors are omitted, including military/foreign policy security; the cost of electricity supply disruptions to BEV owners; and any long-run dynamic considerations associated with the transitional development of EV infrastructure and induced technological progress.

The security benefits that electric vehicles provide in the oil market may be partially offset by security losses associated with electricity supply disruptions.  To gain some sense of the magnitude of this risk, the most detailed known database of U.S. electricity supply disruptions [4] was examined, providing a full history of over 1400 reported supply interruptions from 2002 to 2013.  Considering only power outages long enough that electric vehicles may require recharging, which we take as 24 hours, there were at least 570 such events with a mean duration of 4.1 days and a mean size of 244 thousand customers affected (mean 960 MW power loss).  The mean event involved a power loss of 1.21 million customer days.  The largest event over 12 years was a 1983 Northeast power loss that affected approximately 15 million customers for an average of 1.75 days.  We conclude that electricity supply disruptions have been frequent, but are typically localized, acute, and brief. We are attempting to quantify the loss of welfare from these electricity disruption events. More work is needed to quantify the expected electricity disruption costs per BEV in a fashion comparable to the estimate of oil security benefits.
Conclusions
The wider use of EVs can help improve the energy security position of the U.S. EVs can enhance energy security by: (1) lowering world oil prices for all oil the U.S. consumes, and (2) lowering the impacts of potential future oil disruptions on the U.S. economy. In this analysis, BEVs have higher energy security benefits than PHEVs based on the oil displacement effect, but additional benefits are expected to accrue to PHEVs based on their greater potential to offer fuel mix flexibility and energy security option value.  BEVs also face greater security risk from potential interruptions in electricity supply than PHEVs.  The costs of mobility loss during extended power outages are acute, but we have not yet quantified them on a $/vehicle basis.
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