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3. Project Summary: Energy storage and solar hybrids are increasing rapidly on the 

evolving power grid. One of the most significant challenges of maximizing the value 
of variable solar energy is the timing of charging and discharging stored energy from 
long-duration storage (LDES) devices. Power system models often fail to capture the 
benefits of LDES and can undervalue the role of storage in providing energy 
arbitrage, reliability support, and resiliency. This project examined those challenges 
and proposed alternative methodologies that better capture the value that LDES can 
provide. For instance, we compared various dispatch mechanisms across multiple 
tools to provide insight on the suitability of each method for power systems of 
different sizes, considering computational tradeoffs. These dispatch mechanisms are 
summarized below: 

• Look-ahead window: This extends the computational or optimization 
window to include multiple days, rather than a single day. This method 
improves storage value performance but often comes at a high 
computational cost and thus scalability issues can prevent usability. 

• State-of-charge targets: This approach adopts ending state-of-charge or 
volumetric targets from a simplified simulation (price-taker, reduced-form 
dispatch, etc.) to prevent myopic behavior in storage dispatch. While this 
involves an additional modeling step, the method can avoid the use of 
longer dispatch windows as examined in the first option above. 

• Stored energy value: This approach uses the marginal future value of 
stored energy (in $/MWh) to make arbitrage decisions. This method has 
low computational overhead, but it is not easy to ascertain the marginal 
stored value of energy in most systems, as it is likely to vary based by 
location, season, and relative cost of other resources on the system. 

• Variable timestep: This approach identifies critical periods to retain 
modeling detail but simplifies the remaining “less critical” periods to 
maintain computational tractability. This can potentially allow longer look-
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ahead periods (as detailed in the first bullet) without increasing the 
computational requirements and improving scalability considerations. 

We used multiple industry-accepted grid modeling tools (in particular, PLEXOS and 
Sienna) to create a framework for comparing these various methodologies, and 
simulating various system sizes and configurations to make recommendations for 
optimal long-duration battery dispatch. 
Further, severe weather events can expose significant vulnerabilities in the power 
grid and are the most common cause of transmission system failures, according to 
reliability assessments. LDES is a potential resilience-enhancing technology given 
its increased energy capacity relative to short-duration batteries. Using our 
methodologies, we investigated operational benefits of LDES in scenarios where a 
severe weather event, modeled after the winter storm Uri from 2022, occurs in a 
future 2035 power grid. 

4. Project Objectives and Outcomes: This project developed and disseminated new 
methodologies for more comprehensive unit commitment and dispatch decision-
making, for more accurately determining metrics for valuing energy arbitrage and 
other sources of value for storage with durations of 8-24 hours. As a result of this 
work, we published four papers and technical reports, hosted two meetings with 
relevant utility stakeholders, prepared and presented at three conferences, and 
created two fact sheets. These outreach activities will ensure that some of these 
methodologies will be adopted in the wider grid modeling community, particularly for 
users of production cost models (PCMs).  
Our model comparison effort utilized two PCMs, commercially-available PLEXOS 
and open-source Sienna. We revealed that the traditional one-day optimization 
horizon for both PCMs leads to inefficient utilization of LDES and extending the 
optimization horizon as much as possible significantly improves storage dispatch, 
but it comes at a computational cost. Regardless of the dispatch routine, however, 
LDES helps align load with available generation and reduces total generation costs.  
We also explored how LDES can help the grid ride through severe weather events 
and contribute to reliability. We find that LDES can help reduced dropped load 
(unserved energy), provide arbitrage, and firm capacity. By comparing these sources 
of LDES value to the estimated capital costs of various technologies, we find that 
most technologies have a benefit-cost ratio (BCR) greater than one. Some already 
commercialized technologies (such as pumped storage hydro and compressed air 
energy storage) have a BCR higher than one in every scenario we considered, 
whereas some less commercialized technologies (such as gravitational and thermal 
storage) can exhibit a BCR of less than one under higher technology cost estimates, 
although still show favorable BCR under other conditions. 
 

5. Path Forward: The various products and outcomes of this study have provoked 
thoughtful discussion and useful methodologies for the grid modeling community 
studying LDES. However, we still identify areas for further research. We note that 
dispatch of multi-day duration storage (for seasonal storage or energy-limited 
resources longer-term energy limits, such as those that occur in hydropower) is still 
challenging for most grid models given the problem of intraday decision making. We 
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have identified the role that LDES can provide in terms of energy shifting and 
resiliency to the power grid, but further analysis should consider the role of LDES in 
addressing the needs of the power grid as electrification increases. Increasing 
demand required for datacenters and high-performance computing may enable 
further opportunities for LDES to increase reliability and supply-demand mismatch. 
In particular, these types of loads may have less flexibility on different timescales, 
and the inherent flexibility of long-duration storage may be a good complement given 
the expanded requirements of the electricity grid. 
Over the course of this study, we confronted many computational barriers, and 
discovered why many grid modeling tools (both production cost models and capacity 
expansion models) have difficulty considering LDES technologies. Sometimes, 
simplifications and assumptions must be made for models to ultimately solve. In 
order for grid planners, utilities, and energy developers to understand the full value 
of LDES technologies, these computational barriers must be tackled. We hope that 
some of the dispatch mechanisms we studied here can help others struggling to 
model complex technologies in grid models, because they can often be “left out” out 
of traditional dispatch or planning activities if deemed too complicated, which can 
stifle innovation and forward progress for our electricity system. 
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