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Overview

As the penetration of wind on the grid continues to increase, new adaptive strategies will be required to integrate large quantities of variable generation. Although wind still provides less than 2% of total US generation, cumulative capacity continues to grow rapidly with penetrations reaching 5-8% in a handful of states. The fluctuations in wind power output do not impose substantial balancing costs on the system when wind provides only a small fraction of total generation, but as penetrations reach 10-20% the integration costs become significant. The magnitude of these costs depends on the generation mix, size of balancing area and strength of the regional transmission system, but it is clear that even under ideal conditions, active balancing and even direct backup of wind will be required as wind penetrations reach very high levels.

The use of storage to balance wind addresses both the variability and remoteness of wind. Bulk storage enables wind to provide dispatchable power and mitigates the impact of temporal fluctuations inherent in the resource. In addition, the delivery of power at high capacity factors enables increased utilization of long distance transmission lines that deliver remote wind to market. This method of balancing wind to provide baseload power can be compared with direct backup of wind using local generation from natural gas fired capacity. 

The backup requirements needed to provide baseload power from wind depend critically on the variability of the wind resource. Aggregation of multiple wind sites over a broad geographic region can substantially mitigate this variability by reducing the frequency of both high and low wind speed events. This paper will investigate the impacts of this resource aggregation on the backup requirements for producing baseload power from.
Methods

The cost dynamics of baseload wind systems are described here as a function of wind resource diversity and choice of backup technology. The cost comparison is framed as a three-way competition between a reference conventional baseload technology (CCGT), Wind/Gas (wind backed by local CCGT and SCGT capacity) and Wind/CAES (wind backed by compressed air energy storage) using the output of a synthetic Rayleigh-distributed hourly wind speed time series and optimize the wind and backup components with respect to the levelized cost of energy.
Results

· The aggregation of wind resources has important impacts on wind resource variability and backup system configuration

· The cost of producing baseload power from wind is substantially reduced as more power from weakly correlated wind sites are combined.

· The resulting system produces power at lower cost with substantially reduced GHG emission rates
Conclusions

Wind resource aggregation over broad geographic regions can have a substantial impact on the cost of integrating variable generation with backup to serve firm power applications. The capital cost of backup systems needed to achieve baseload capacity factors is substantially reduced relative to the nominal case resulting in a higher fraction of generation from wind, lower greenhouse gas emission rates, and reduced entry fuel/carbon prices relative to conventional baseload generation. The impacts of resource aggregation on levelized cost are especially critical for wind systems backed by energy storage. Since, in the case of Wind/CAES, a larger fraction of the generation supplied by the baseload system comes from wind, the impact of mitigating the variability of the resource allows for storage to be scaled down considerably without a large increase in wind capacity. This implies a 16.5% decrease in COE at the reference price of natural gas (pNG=$6/GJ HHV) and an 83% reduction in GHG emission rate. The combination of these factors reduces the entry price carbon relative to CCGT by more than half (from $122/tCO2 at N=1 to $56/tCO2 at N=8). This has significant implications, not only for the production of baseload power from wind, but also for wind integration as a whole. Resource aggregation is an effective strategy for mitigating variability of the resource and will have significant benefits for maintaining system reliability and minimizing wind integration costs at all penetration levels. In addition, the mitigation of variability will be relevant for the enhanced utilization of transmission capacity and for the decarbonization of the grid as a whole.
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