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Overview
In order to meet existing and upcoming state renewable energy portfolio standards (RPS), large amounts of wind power will need to be integrated into power systems across the country, causing large fluctuations in generation compared to load.  In many areas, these fluctuations have been compensated by ramping natural gas plants.  The use of these costly plants can be reduced by building extra wind generation to take wind power only when needed and by variably charging electric cars.  This research finds the optimal combination of new power plants to build and charging schedule of plug-in hybrid electric vehicle while minimizing total additional costs of wind integration.  Building excess wind capacity allows for some curtailment of wind plants while still meeting the RPS and can reduce the amount of ramping that must be done by other plants.  Extra wind plants are especially helpful if they not highly correlated to existing wind plants or are highly correlated to load.  Electric vehicle charging can be matched to wind power generation instead of requiring the system to match generation to non-vehicle load. EV owners enjoy lower operating costs, but face higher costs overall. In this study, we find the combination of strategies that minimizes the cost of wind integration.
Methods
A simplified power system is modelled as a linear optimization of conventional generation, wind generation, and plug-in hybrid vehicle penetration, minimizing costs over the course of one year.  We use actual hourly load and EWITS modelled wind data for the NYISO, adding wind sites as necessary to meet a range of renewable energy portfolio standards.  Fossil fuel plants are modelled with a linearized supply curve, representative of a system with similar coal, gas and oil plants as the New York system. New wind, coal, and gas plants are assigned an annualized capital cost in the objective function.  Nuclear plants are modelled as constant baseload power production.  Constraints include wind generation satisfying the RPS, matching generation to load, the operating constraints of the fossil fuel plants, and the charging power and energy storage limits of the electric vehicles. Vehicle state of charge is modelled hourly throughout the day for different representative profiles based on passenger car data from the National Household Travel Survey (NHTS).  The set of profiles is chosen to best match the aggregate characteristics of all passenger cars in NHTS, including the percentage of vehicles present in different locations and average miles driven during each hour, and average cumulative miles driven up to that hour. All vehicles are required to be 80% charged by 6 AM every morning, varied for sensitivity analysis.   Each vehicle drives as many miles as possible in electric mode given the battery state of charge and the effect of battery size is also tested through sensitivity analysis.  
Results
Preliminary results show that building extra wind generator capacity can be cost effective. Second, the inclusion of electric vehicles can further lower system costs by absorbing wind energy when it is least needed by the rest of the system, depending on the extra costs  for the plug-in hybrid electric vehicles over conventional vehicles. However, inclusion of electric vehicles creates additional demand on the rest of the grid when wind power is unavailable.
Conclusions

To minimize the costs of wind integration, techniques beyond gas plant ramping should be considered.   Additional wind capacity can add flexibility in meeting a RPS and electric vehicle charging can be used to match more of the load to generation.  If electric vehicle plug standards include the capability of remote control of charging, more system flexibility may be available to the power system operators.
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