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Date: Aug. 21, 2020 
Dear Department of Energy Representatives,

My team at the University of California Merced is working with researchers at UC Berkeley, UC San Diego, University of North Carolina, Arizona State University, and elsewhere to study the value of long-duration storage under funding from the California Energy Commission. As is highlighted by the recent rolling blackouts in California, coupling solar and wind with robust storage systems will be important as grids move toward higher penetrations of renewable energy. We’re very pleased to see the Energy Department’s Energy Storage Grand Challenge because of this importance.
In particular, we would like to respond to these queries:
D2.2 Metrics 
D.2.2.1 How can the Levelized Cost of Storage metric be further refined to compare costs across technologies? 
The Levelized Cost of Storage (LCOS) needs to be refined depending on the application and the grid conditions. The paper by Schmidt, et al, (https://doi.org/10.1016/j.joule.2018.12.008) gives an example of how LCOS may be calculated for applications for different penetration levels, though their definitions are not necessarily the most relevant to U.S. grid situations.

While the 12 applications described in the Schmidt paper give an example of how LCOS may be calculated, another way of defining the LCOS will benefit from considering the length of time between the charging and discharging of the storage:
• Same-day charge-discharge applications
• Cross-day charge-discharge applications
• Weekly timeframes
• Seasonal storage cycled one time or two times per year. 

When comparing technologies that may be implemented with different durations, it would be useful to calculate the LCOS as a marginal cost as a function of the duration (MWh/MW ratio).  For example, a storage facility could be installed one year with 100 MW and 1000 MWh of storage, then in a following year, could have another 1000 MWh of energy capacity installed without increasing the 100 MW power rating, and thus providing additional storage at a lower cost than if a whole new plant were built.
D.2.2.2 What other metrics would assist measuring technology advancement, cost, and value to the end user? 
LCOS is a metric that is useful for storage that is cycled frequently, but LCOS becomes less important as the storage resource is used more for grid reliability than for delivery of electricity. LCOS will depend on the frequency of use; not all storage resources will be cycled every day. Thus, we suggest that, in addition to LCOS, other metrics should be developed that helps define the value for grid reliability. 
For example, we could define a “Cost of Reserve Increase” or “CORI.” We first explain why it is important and then explain the strategy for defining it.
 
Why CORI would be useful: As new resources are added to the grid (in response to increased demand or retirement of existing resources), the primary driver is typically meeting the Planning Reserve Margin (PRM). Note that the rolling blackouts in California this past week were initiated when the reserve margin dropped below what CAISO considered to be a safe level.  Maintaining adequate reserve margin (delivering electricity to the grid only in an emergency) may be a key role of storage resources in the future, much as peaker plants may be built and then sit idle most of the year.

LCOS will be most useful for storage resources that are cycled hundreds of times per year. CORI will be useful both to storage resources that are cycled only during times of high demand and to all storage resources to the extent that they are being built to meet the PRM. This latter point is, perhaps, subtle, but is quite critical to the rate of adoption of renewable energy.
 
The addition of even a small amount of storage to a solar or wind plant can greatly increase the hybrid plant’s ability to contribute to the reserve. A storage-less solar or wind plant may not increase the reserve at all. If some storage is added, the solar or wind plant can now be counted towards the reserve as a fraction of the plant’s rated capacity. Utilities and Public Utility Commissions (PUCs) are already evaluating storage plus solar or wind plants in this way as they select resources to meet the PRM. The new metric “Cost of Reserve Increase” (CORI) in $/MW would be the cost of the storage divided by the increase in the MW that can be counted toward the reserve.

How CORI could be defined: Electricity Load Carrying Capacity (ELCC) is an example of a metric that is already used routinely by utilities and PUCs to evaluate the PRM and select the lowest cost approach to maintaining the desired PRM. Unfortunately, the ELCC depends on the difference between the local load and generation profiles, so one may be hesitant to attempt to use this metric to characterize progress with a technology. However, LCOS also depends on many assumptions, so both require definition of representative scenarios. 

For CORI, it will be desirable to consider representative situations. For example, for short-duration storage one might choose 2-4 hours of storage paired with a solar plant when the peak demand during the year occurs on a hot, sunny day. For long-duration storage, a plausible standard scenario could be a storage asset that is charged by solar or wind on one day and then used to meet a peak load throughout a following day when that day is selected to be both cloudy and windless.

Identifying standardized scenarios for the LCOS and the CORI at multiple penetration levels of solar, wind, and storage will all require modeling and would be a valuable research project for the Energy Department to support. 

Acceptable reserve margin: When California began rolling black outs last week, they still had 6% reserve. Some analysts suggest that other grids operate safely with a smaller reserve. One may expect that the needed reserve for safe operation may be greater for a solar- and wind-driven grid. If storage demonstrates very high reliability and represents a larger fraction of the grid’s capacity, it may enable the grid to operate safely with a smaller reserve. As noted in the above, this is not a metric that is uniquely linked to a technology, but within a given grid scenario, it could be assessed  for a given technology.

Overall electricity cost: Again, this is not a metric that is uniquely linked to a technology, but the total cost of running the grid can be used to compare two technologies in similar scenarios, capturing the cost not only of operating the storage but of operating the rest of the grid as well.
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