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Abstract – The break-even capital cost for a generic battery energy storage system (BESS) participating in the CAISO day-ahead energy and ancillary services market was obtained and
analyzed for 2,065 nodes over a five year period (2018-2022).

Revenue optimization formulation:
The break-even capital cost for each node is
obtained by first setting the NPV of the total cost
equal to the NPV of the revenue streams for T
years for each LMP node.

The break-even capital cost for each node is:

Where

and

The break-even cost formulation for each node:

System parameters and case studies:

IRR = 2.5%, 5%, 7.5%, 10%

Annual revenue growth rates (g) = 0%, 3%, 6%

Project lifetimes (T) = 10 and 15 years

k = 2%

Average yearly revenue for 2,065 CAISO nodes for the period
2018-2022 (thousands of dollars.)

Break-even capital cost statistics for different values of IRR. Project
lifetime of 15 years, and average annual revenue growth at 0, 3, and 6%.

Break-even capital cost statistics for different values of IRR.
Project lifetime of 15 years, and average annual revenue growth
at 0, 3, and 6%.

Break-even capital cost statistics for different values of IRR.
Project lifetime of 15 years, and average annual revenue growth at
0, 3, and 6%.

Considering the current capital cost of $493/kWh, we
see that by adding ancillary services to the BESS
revenue formulation, this cost can be reduced between
43% to 15% and in some cases the revenue is even
higher than this capital cost, making the BESS
profitable.

This research was funded by the U.S. Department of Energy Office of Electricity
Energy Storage Program under the guidance of Dr. Imre Gyuk.

In previous work we reported that, when using only
arbitrage as a source of revenue, the capital cost for a
BESS had to be reduced by 80% in order for the storage
system to be profitable.

Conclusion:

Arbitrage

Arbitrage and frequency regulation Arbitrage, frequency regulation, 
spinning, and non-spinning reserves

In this study we show that when adding ancillary
services (frequency regulation, spinning, and non-
spinning reserves) to arbitrage, we see a considerable
increase in revenue (depending on annual revenue
growth and IRR.)
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