Talking about Long-duration Energy Storage to Enable a Decarbonized Grid

__________________________________________________________________________
From keeping the lights on every night to making it through heat waves and cold snaps, long-duration energy storage will be foundational to a decarbonized grid
__________________________________________________________________________

As countries, companies, and utilities set targets to decarbonize the grid, energy storage will play multiple roles in balancing electricity supply and demand. The need for energy storage is anticipated to increase as dispatchable sources of electricity like natural gas are replaced with variable sources like solar and wind. Most agree that long-duration storage will be a critical requirement of a decarbonized grid, but questions often arise about what is meant by “long-duration storage.” Here we suggest clarification of terminology to help us communicate better; we propose a broad definition that may help reach a zero-carbon grid sooner by encouraging development and implementation of diverse strategies.

Today’s grid balances supply and demand mostly by maintaining power-generating assets that are dispatched as needed, with some generators operating at full capacity most of the time and others operating only during high demand. A decarbonized grid may continue to use fossil-fuel-powered generators coupled with carbon sequestration, but solar and wind generators coupled with low-cost storage may be able to deliver reliable electricity at a lower cost. The California Energy Commission (CEC) recently awarded more than $2 million to study long-duration storage to better understand the roles that long-duration storage may play and the related cost targets as a basis for future technology development and implementation. This understanding will guide the CEC in its efforts toward a zero-carbon-emissions grid in 2045.

Types of energy storage opportunities

Multiple opportunities for storage to help balance the electrical grid are shown by the green boxes in Fig. 1, representing the electricity flows to and from various types of energy storage reservoirs. Demand management may be used to facilitate storage at the customer’s site, as indicated by the Fig. 1 green box “Load – Stored energy.” Some customer-sited forms of energy storage are relatively low in cost. For example, many large buildings chill water for air conditioning at times when electricity rates are low, storing the chilled water in a relatively low-cost tank for later use. Such demand management strategies have the potential to both reduce total cost and shift the capital investment cost away from the utility. Understanding customer-sited storage in more detail is a prerequisite to developing effective policy. Such policy would expand today’s demand management programs into comprehensive programs that can effectively provide large storage assets such as Tesla’s aggregation of batteries in many customers’ homes into a virtual power plant.
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Fig. 1. Opportunities for energy storage (green boxes) to help balance electricity supply and demand

More generally, surplus electricity may be stored for later electricity generation (green box labeled “energy reservoir”) or for creation of an energy product like hydrogen (green box labeled “energy product for other sector”) that may be stored at low cost until the energy is needed later. Also, when electricity is in short supply, energy that is stored for use in other sectors may be used to generate electricity (green box labeled “other sector energy reservoir”). A decarbonized grid may benefit from using all of these strategies. 

Capacity-expansion models commonly include batteries and pumped hydro storage, keeping track of their state-of-charge as they are charged or discharged (Fig. 1 green box “Energy reservoir”). Modeling the value of cross-sector storage opportunities is less common. For example, some capacity-expansion models increase the input load profile to include hydrogen production, requiring more electricity generation. A more complete model would optimize the hydrogen production by considering the capital costs and operating costs of the electrolyzers offset by the value of the hydrogen that is generated, potentially turning curtailed electricity into a revenue stream. Similarly, a more complete model would calculate the cost of using hydrogen (that is being stored for transportation or chemical use) to generate electricity when electricity is in short supply.

While there is no general agreement that all four green boxes in Fig. 1 should be called “long-duration storage” we assert that a full understanding of the roles of long-duration storage will require understanding the opportunities described by all four green boxes and that understanding the relative benefits of all of these will help policy makers identify the most effective actions to take.

Taxonomy for storage

As we work to envision the roles of storage in supporting tomorrow’s grid, it is useful to develop a taxonomy for improved communication. For the purposes of modeling, it is useful to differentiate types of storage according to how they are modeled. We highlight here two aspects that are critical to the model implementation: a) the electricity flows (with associated costs) and b) the temporal resolution.

In Table 1 we propose a taxonomy for the four storage opportunities outlined in Fig. 1. We suggest that “customer-sited storage” describe storage assets that are purchased and operated by the electricity customer (or business partner) at the customer’s location.  “Self-contained storage” assets are connected to the grid, charged with surplus electricity, and discharged when electricity demand is high. Finally, “cross-sector storage” created to serve the transportation or other sector may be charged or discharged to help balance the grid. While it is clear that all of these energy flows need to be modeled to fully understand the roles storage plays in balancing the grid, it is less clear that all of the opportunities should be called “storage.” Table 1 gives examples of how to implement each storage opportunity and also suggests opportunities that need to be included in the modeling, but that are usually not labeled as “storage.” We emphasize that in our study of “long-duration storage,” we intend to model the potential of all of these, but recognize that, for example, biogas is usually viewed as a generation technology even though biogas represents a form of energy storage that may be useful for balancing the grid. We feel that it is less important to decide whether biogas is called a generation technology or storage technology and more important to agree that biogas has the potential to help balance the grid by providing a reservoir of energy. 

Table 1. Proposed taxonomy for differentiating storage opportunities
	Figure 1 label
	Load – stored energy
	Energy reservoir
	Energy product for other sector
	Other-sector energy reservoir

	Modeled electricity flow
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	Proposed taxonomy
	Customer-sited storage
	Self-contained storage
	Cross-sector storage

	Examples modeled  and included in taxonomy
	Hot and chilled water
On-site batteries
Thermal mass of building
Water pumping
	Batteries
Gravity storage
Hydrogen stored on-site for electricity generation
	Hydrogen for transportation, etc.
Power-to-X
	Hydrogen brought from underground storage
Ammonia or other fuel made from electricity

	Examples included in electrical modeling, but not called “storage”
	Energy efficiency Demand management not involving energy storage
	
	Thermal energy used for industrial process
	Biogas
Natural gas plant with carbon sequestration



We propose a second piece of the taxonomy (Fig. 2) related to the relative amount of energy stored. When modeling the roles of storage, a short-time-resolution (hourly or even subhourly) model aids in understanding how storage may help meet the peak load of the year or of the day. Reducing the peak demand is a “short-duration storage” application. We propose that long-duration storage applications include 1) diurnal storage, 2) cross-day storage, and 3) seasonal storage. The modeled contiguous timesteps need to span the time from when energy is added to a storage reservoir to when the energy is withdrawn from the reservoir, as indicated in Fig. 2, left side. For a given grid design and weather, a model can identify the cycling frequency of the short-duration and long-duration (diurnal, cross-day and seasonal) storage reservoirs. These define the storage applications that need to be met to achieve a stable grid, providing the foundation for taking actions to create a stable zero-carbon-emissions grid.
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Fig. 2. Taxonomy for modeling of storage (left) and implications for implementation (right)

Once the grid’s requirements for short-duration and the various long-duration storage applications/requirements have been identified, the next step is to develop technologies that can meet those needs (right side of Fig. 2).  We anticipate that it will be useful to the grid to have access to many storage technologies and that many of those technologies may address multiple storage applications. It is tempting to label a technology as a “short-duration” or “long-duration” storage technology, but it could be possible for any storage technology to address all storage requirements. On the other hand, some storage technologies may be better suited to address short-duration applications while others may be better suited for long-duration storage applications.

Competition between types of storage

The schematic in Fig. 3 suggests how different types of storage may compete to meet the range of storage requirements. Technologies built into self-contained storage systems with large energy reservoirs have the potential to meet all of our storage needs. However, short-duration storage applications may be addressed at lower cost by storage systems that have small energy storage reservoirs. Conversely, seasonal storage applications may be met at lower cost by cross-sector storage that can leverage huge energy reservoirs used on a daily basis by the transportation, chemical and/or other sectors. Technology development efforts should consider the storage applications and what other technologies will be competing to meet those needs.
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Fig. 3. How types of storage systems (blue shapes) may compete to meet storage needs (green)


Large-scale energy storage

Energy storage is an essential part of energy security. As shown in Fig. 4, currently, the United States maintains energy storage mostly to supply the transportation sector (jet fuel, motor fuels, and oil to make these) and heating sector (oil and natural gas). The chemical industry and power sector also rely on storage described in Fig. 4, with their chemicals/fuels sometimes mixed with those of the other sectors. Maintaining energy storage to simultaneously serve many sectors increases flexibility and reduces costs. If the energy represented in Fig. 4 were converted to electricity, it could yield more than four months of electricity for the U.S.  In a decarbonized world, it is useful to consider the energy storage needed for other sectors as we plan for long-duration storage for the power sector.
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Fig. 4. Approximate energy storage used to supply the transportation, heating, power, and chemical sectors. The natural gas stored for heating applications was estimated from the depletion of the stored natural gas during the heating season. The 350 TWh “Natural gas” may be used for power generation, heating, or other uses. The strategic petroleum reserve is the largest single category of storage on this pie chart.

Long-duration storage implies large energy needs and value in sharing storage with other sectors

The long-duration storage needed for seasonal storage applications may require many TWh. Just as a peaker plant today is idle much of the year, some long-duration storage assets of a decarbonized grid will be used infrequently.  Thus, the storage cost for such applications will need to be low. We suggest that inclusion of attractive cross-sector storage opportunities (such as shown on the right side of Fig. 1) will be helpful in keeping storage costs low while being prepared for extreme conditions. Today, natural gas is used both for heating and for electricity generation, so the cost of maintaining the natural gas storage and distribution infrastructure is shared by both the power and heating sectors. In a decarbonized world, hydrogen (or other fuel) storage and distribution infrastructure may be established to support the transportation, chemical, and heating sectors. The power sector may be able to ensure resource adequacy at lower cost by leveraging such infrastructure rather than creating its own large energy storage that is infrequently used. 

Thus, the study of long-duration storage should consider how the different types of storage will compete for different storage applications as described in Figs. 2 and 3, and should also consider how cross-sector storage approaches may reduce cost by leveraging infrastructure developed for other sectors. Policy development should be technology agnostic so that the markets will be able to choose the lowest cost path to keeping the lights on even in the most challenging times.






Data sources:
https://www.eia.gov/dnav/pet/PET_STOC_WSTK_DCU_NUS_W.htm
https://ir.eia.gov/ngs/ngs.html
https://www.eia.gov/electricity/data/browser/
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