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Overview
Mass-market electric vehicles have recently been introduced around the world. Vehicle gasoline consumption can be displaced by electric power generation. The net air emissions of such displacement depend on the fleet gasoline mileage, PHEV fleet electric mileage, and electric generation mix at the time vehicle charging takes place. Moving emissions to the electricity sector has advantages, but the resulting environmental quality depends on net changes in emissions.
Existing electricity generation assets can likely support a significant number of PHEVs (i-iii).  Previous work has predicted reductions in NOX and CO2 emissions when comparing PHEVs to conventional vehicles (CVs), but the magnitude varies and depends on PHEV and generation mix assumptions (iv-ix).  Pollutant concentration has been estimated to decline in densely populated areas, but may increase near generators (vi,vii).  The majority of these models suggest an increase in SO2 emissions; however one comes to a contrasting conclusion based on assumptions that rely on aggressive new emissions control technology (viii).  SO2 emissions from USA power plants in 2008 and 2009 respectively were 7.9 and 5.6 million short tons, well under the Acid Rain Program cap of 8.95 MT for 2010 (x).

Methods

In modeling PHEV effects on the electric grid, it is important to know when vehicles will charge, and how much energy they will need.  Only one of the previous analyses (v) uses driving data to predict the energy needed for recharging and the time when that recharging will likely take place.  

Use of data from surveys of travel that log vehicle type and driving data allows both time and energy requirements to be predicted.  We use publicly-available data to predict net emissions from PHEVs under different CO2 scenarios.  Vehicle electricity use is predicted using multiple PHEV types, different charging strategies, battery sizes, CV efficiencies, charge depleting (CD, all-electric mode) efficiencies and charge sustaining (CS, gasoline mode) efficiencies of the vehicles.   

To model the incremental increase in electricity load from the addition of PHEVs, we used the day trip file from the 2009 national household travel survey (NHTS) (xi).  This file was analyzed to enumerate the trips taken by vehicles in the survey.  The NHTS data file contains trip frequency, length, start and end time, mode, and vehicle attributes (make, model, year) from 150,000 USA households.  We used the data to model vehicles trips taking into account the battery state of charge.  To reflect the range of the current U.S. federal subsidy structure for reported battery capacity, we modeled a small battery of 4 kWh and a large battery of 16 kWh for passenger cars (xii).  Batteries for other vehicle classes were scaled by their charge depleting (CD) mode efficiencies resulting in "small" batteries of 4, 5.27, and 5.58 kWh and “large" batteries of 16, 22.1, and 22.3 kWh for cars, vans, and SUVs/light trucks respectively. Using the trip distances from the NHTS data, we modeled the amount of electricity necessary to move the vehicle assuming two different sets of CD efficiencies.  The first, referred to as 2005, assumes 0.19, 0.24, and 0.34 kWh/km for cars, vans, and SUVs/light trucks respectively.  The second, referred to as 2020, assumes 0.12, 0.16, and 0.23 kWh/km for cars, vans, and SUVs/light trucks respectively.

To model the electric power generation fleet, we consider four approaches. First, we model a scenario in which the generation capacity needed to charge PHEVs has the same attributes as the generation capacity currently available. Second, we model replacement or retrofit of current coal generators with CO2 capture and sequestration (CCS). Third, we model all new generation as natural gas (assuming 45% efficiency, a heat rate of 7600  BTU/kWh) (xiii). Finally, we model all new generation as 30% wind, 70% natural gas by energy. We also consider the implications of a binding cap on SO2 emissions.
Results

We estimate that PHEVs are likely to have lower net emissions of NOX and CO2 than a conventional vehicle fleet, given current (10.7 liters/100 km) efficiencies.  When compared to 2020 CAFE standards (6.7 liters/100 km),  net CO2 emissions in New York are greatly reduced by switching from gasoline to electricity, but coal-heavy PJM shows lower benefits unless coal units are fitted with CCS or replaced with lower CO2 generation. NOX is reduced in both RTOs, but SO2 increases unless a cap binds (discussed below).  A $50/tonne CO2 price applied only to combustion emissions in the electric sector will have a negligible short-term effects on net CO2 emissions from PHEVs.  

Electric vehicles will place upward pressure on net SO2 emissions.  With the Clean Air Interstate Rule vacated by the courts and the final rule promulgation of CATR delayed by EPA, there is uncertainty about the level of capped emissions. Net SO2 emissions caused by vehicles will be less than 6% in NYISO and 2% in PJM, of the proposed 2014 CATR cap on electric generators under any of the reduced SO2 scenarios. We note that the upstream (largely refinery) emissions displaced by decreasing gasoline use are ~ 0.45 kg SO2 per vehicle-year (supporting information).  This is more than half of the SO2 emissions reduction required to comply with CATR.  However, it is possible that the associated upstream refining emissions will also decrease when CATR is implemented.
Conclusions

Choosing a charging strategy can change the resulting net emissions associated with PHEVs.  In NYISO, the smart charging scenario generally resulted in lower or equal net emissions than home charging and lower than work charging, resulting in lower emissions.  In PJM, smart charging generally causes higher emissions because coal is often on the margin at night.  In PJM there is a tradeoff between use of off-peak charging and increased emissions.  RTOs and LSEs should be aware of possible tradeoffs between cost and emissions before encouraging particular charging strategies.  Information about generation resources should be used in concert with pricing data to find the optimal charging strategy in individual RTOs.

There are strong arguments in favor of electrification of the transportation sector in addition to net emissions.  Combining numerous mobile emission sources into a far small number of stationary sources offers opportunities for cost-effective emissions reduction that may not otherwise be feasible in the transportation sector, and the location of emissions is likely to be moved farther from densely populated areas.  If PHEV cars displace light trucks, SUVs, and vans from the fleet, emissions will be further reduced from the values reported here.  
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