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Overview

Technological advances in large-scale battery Energy Storage Systems (ESS) have made it possible for them to supply energy and ancillary services in electricity markets. FERC Order 784 has opened a door for EES service by mandating that restructured electricity markets provide a compensation schedule for power from storage operators. The economic viability of a battery ESS, however, is still questionable. Employing the three-stage methodology of Shcherbakova et al. (2014), and the backward induction approach of Cho and Kleit (2015), this study examines the profitability of operating a battery ESS for either reserve and energy services for multiple hours in a day using data from Electricity Reliability Council of Texas in 2012.
Methods
We allow a battery operator to chose which energy market to supply, or not to supply, during a simulation emplying backwards induction.  We use the specifications of a battery typically employed in supplying electricity markets.
Results
With zero shadow value, with one exception (hour 21, state of charge 1) the most bids were made for reserve service, regardless of the state of charge. For the first and second state of charge, holding was never chosen. This can be explained by the diminishing discharging opportunity values through a day, where the operator would try to use the battery and then seek another discharging opportunity with the next state of charge. However, hold was chosen for the first few hours (from 9 to 14) in last state of charge. In the last state of charge all bids were given to reserve and energy service at hour 23 and 24.
Conclusions
Even with additional revenue opportunity from the three discharging opportunities in a day rather than one, the battery did not generate sufficient revenues to pay for its cost. One reason was the low utilization of the device over 20 years, resulting in a zero shadow value. In other words, deferring its usage for later times had no opportunity cost.  Comparing this result to the single discharging opportunity study by Cho and Kleit (2015), multiple discharging opportunities earns $150,000  (13.56%) more revenues than the single discharge did with the same battery specifications and price data. For used cycles over 20 years, three discharging is estimated to use 3,400 cycles while the single discharging operations used only 800 cycles. Thus, additional discharging opportunities allows the battery to use far more cycles, but the profitability is not improved enough to make up the investment cost. When the round-trip efficiency was improved from 85% to 99%, revenues increased by less than 2%. The shadow value became positive at 91%, but remained small. 


Our model implies it may be difficult for current storage devices to profitably supply power to electricity grids.  However, the model has clear suggestions for how battery technology might be changed to make the batteries more profitable.  In our scenarios, the battery capacity had little or no scarcity value.  This implies that the technological path to building a profitable battery for storage lies in saving costs by reducing capacity and investing in increasing the speed of supply from the battery to the grid.
