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Overview

This research calculates the potential cost savings of virtual balancing area consolidation as estimated by recent supply curves for energy and reserves in electricity markets. Currently reserve products, such as Regulation and Spinning Reserve, are used to balance the variability of load and variable generation; the amount of reserves needed to keep the system balanced is projected to grow as the penetration of wind power increases. Multiple balancing areas (BA) can coordinate their procurement and deployment of reserves, creating what's known as a virtual balancing area.  These virtual balance areas can be thought of as multiple small markets for Regulation consolidating into one larger market.  It has been suggested that the use of BAs is a plausible way to reduce the cost of procuring these reserves and thereby reducing the cost of integrating wind. The economic benefit of virtual BA consolidation is founded on the idea that consolidating multiple areas into a single market will result in access to a greater supply of resources capable of providing reserves, ensuring that the cheapest resources are used to correct the variability and therefore provide electricity at the lowest cost to consumers. 
Methods

Anonymous historic bid data is available from the New York Independent System Operator (NYISO) that has the energy and reserve bids for each resource, for each hour.  This data is used to construct hourly supply curves for energy and regulation, the reserve product used to correct intra-hour variation of load and wind.  These supply curves are made for both the pre-consolidated state and the post-consolidated state.  The post-consolidation is represented by the current NYSIO market (which is over four times the size of the average BA in America).  The pre-consolidation state is estimated by randomly assigning generators to sub-groups.  An estimate of energy and regulation prices are found through co-optimization of the two services based on the supply curves, NYISO hourly load and the hourly regulation requirement.  The co-optimization finds the least total cost to the market through the dual problem of maximizing the total supplier surplus.  The cost to each BA is calculated by multiplying the hourly prices times the respective quantity. 
Results

The post-consolidation cost to the market is consistently lower than the sum of the pre-consolidation case. The savings associated with the energy market is dramatically larger than the savings associated with the regulation market.  
Not every hour results in a savings; approximately 60% of the hours produce a savings.  22% of the hours actually produce an increase in costs to the market. 
The magnitude of savings associated with BA aggregation is a function of the distribution of resources.  The potential savings increases when the random assignment is uneven.  
When the bids are randomly assigned to three or four sub-groups and sequentially aggregated the marginal benefit of consolidation decreases. 
Conclusions

Virtual BA consolidation is shown to lead to significant reductions in both the energy and reserve costs.  When integration of the energy market is not possible, virtual BA consolidation methods which coordinate the reserve markets, are a viable means of reducing the cost of integrating variable generation such as wind. Given the diminishing marginal returns associated with consolidation it is recommended that small groups of  BAs consolidate (as opposed the entire Eastern Interconnection).  Future work will integrate this bid analysis into a model that predicts the amount of Regulation needed as a function of renewable penetration.  This combined model will more accurately predict the potential benefits associated with virtual BA consolidation at high renewable penetration.  
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