
  Long Duration Energy Storage Council  
  Havenlaan 86C, Box 204 
  1000 Brussels, Belgium 
  www.ldescouncil.com  
 

Long Duration Energy Storage Council 
Havenlaan 86C, Box 204 1890 Bryant St. Suite 402 www.ldescouncil.com  
1000 Brussels, Belgium San Francisco, CA 94117 United States     

 

November 29th, 2023 

TO: Terna 

FROM: Long Duration Energy Storage Council 

RE: Terna’s consultation on Regulation of the Supply Mechanism of Electrical Storage Capacity 

 

The Long Duration Energy Storage Council (LDES Council) continues to appreciate the 

opportunity to comment on Terna’s process for procuring capacity. The LDES Council also 

continues to applaud and encourage efforts to decarbonize and is encouraged to see that Terna 

acknowledges storage capacity as a critical element for electricity system decarbonization. The 

LDES Council respectfully submits these comments in response to the consultation on 

Regulation of the Supply Mechanism of Electrical Storage Capacity published on October 31, 

2023. In addition to these reply comments the LDES Council also includes a copy of the 

comments submitted on September 12, 2023 for reference and to avoid repetition. 

In this response the LDES Council makes the following suggestions: 

1. Terna should allow other storage technologies, outside of lithium-ion and pumped storage, 

to satisfy capacity requirements in excess of 10 percent 

2. Terna should reconsider the charge-discharge efficiency threshold for resources considered 

through the procurement process 

3. Terna should evaluate all storage technologies based on operating characteristics and useful 

life  

4. Terna should ensure that appropriate resources are procured to meet reliability needs, and 

that a planning paradigm is set up to procure a reliable mix of storage resources now and in 

the future 

1. Storage Technology  
There are a significant number of storage technologies aside from lithium-ion and pumped hydroelectric 

that can effectively shift energy from periods with abundant generation to periods of need on electricity 

systems. The LDES Council categorizes long duration energy storage technologies into four types: 

chemical, thermal, electro-chemical – like lithium-ion, and mechanical – like pumped hydroelectric 

storage. The LDES Council has many technology members that produce long duration storage resources, 

and has collected and published data on the maturity of these technologies. This information is 
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summarized in Figure 1 below and details that several of these specific technologies are developing 

commercial applications and can be capable of performing wholesale grid functions.1 

Additionally, the LDES Council emphasizes that many of the technologies that were polled for this 

report, published last year, have made technology advances over the last 18 months and are rapidly 

becoming more developed and prepared to participate in wholesale electricity markets. 

Figure 1: Long Duration Storage Technology and Market Readiness 

 

 

 

 
1 Journey to Net Zero, LDES Council, June 2022, https://www.ldescouncil.com/assets/pdf/journey-to-net-zero-
june2022.pdf.  
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Although some of the specific technologies within these types are in earlier stages of development, 

others have utility scale deployment and are ramping up production for widescale deployment in 

markets globally. The LDES Council acknowledges that contracting and developing storage capacity from 

technologies that are less advanced could present risk. This risk should be considered in the 

procurement process, but should not preclude any resource with this associated risk from consideration. 

We strongly recommend that Terna consider other technologies in addition to lithium-ion and pumped 

hydroelectric without upper bounds on total capacity procured from these technologies. Doing so could 

limit program effectiveness and result in uneconomic procurement.  

2. Efficiency  
Charge-discharge efficiency is one of the critical operational descriptors necessary for accurate planning 

and modelling for any storage resource participating on the grid. Other key parameters – many of which 

are outlined in the consultation - include maximum charge level, maximum discharge level, minimum 

energy, maximum energy, and ramp rate. It may not make sense to opt for a specific project that is 

significantly more expensive but offers slightly better charge-discharge efficiencies. Unfortunately, this 

may occur if resources are required to have certain charge-discharge efficiencies. Some of the long 

duration energy storage technologies do have lower charge-discharge efficiencies, but costs for specific 

functions may be lower than other resources considered. Resources should be evaluated on their overall 

cost and operating attributes, alongside other considerations like geographic location and ancillary 

service capabilities. 

If a specific threshold must be used it should be clearly specified and be specified a priori, without being 

dependent on the technical report. This will help improve transparency. Finally, and again this is if a 

threshold must be used, a better approach could be to set such a charge-discharge efficiency threshold 

comparable to that of pumped hydroelectric, the other storage technology already approved alongside 

lithium-ion. 

3. Useful life 
Delivery times and useful life are two key parameters in evaluating potential new resources. As 

mentioned in the Terna "Study on Reference Technologies for Electricity Storage” Li-ion Batteries have 

short delivery times (1 to 3 years) with modest useful lives (12 to 14 years), whereas pumped 

hydroelectric has longer delivery times (5 to 7 years) but significantly longer useful lives (up to 30 years). 

Thus, potential alternative storage technologies, with delivery times comparable to lithium-ion and 

useful lifespans similar to pumped hydroelectric, may be more economic than reference resources. 

These characteristics alongside specific proposed operational descriptors should be considered during a 

competitive solicitation process. We encourage Terna to consider and place more value on potential 

projects with longer useful lives, better delivery times and better charge-discharge efficiencies – all else 

equal. Further, resources with longer lifespans should receive a priori contracts for the entire asset life 

span. This helps to ensure financing for these projects and allows for the best possible financing terms. 
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4. Storage Resource Crediting  
Early in grid decarbonization storage resources with short durations are effective at meeting grid needs. 

When grids develop renewable resources and begin retiring legacy resources critical system needs may 

only occur in a single hour under a specific scenario. For these conditions very short durations of storage 

may suffice to satisfy the need and ensure reliability. As grids decarbonize further and retire more 

traditional resources, needs for energy will span multiple hours instead of a single hour. Planning for 

specific durations of storage, and setting targets for those specific durations is important. For example, 

setting targets early on in the decarbonization process for 2-hour of 4-hour duration resources may be 

sufficient to meet system needs and ensure reliability. As the grid becomes more decarbonized, storage 

resources with longer duration will be necessary to ensure reliability. Setting procurement targets for 

shorter and longer durations is necessary to ensure that the procured resources on the grid can serve 

load reliably. Simply measuring maximum output (power) or only accounting for storage duration 

(energy) will not be sufficient to ensure reliable grid operation. Both must be measured in concert, 

alongside other market parameters like charge-discharge efficiency to ensure reliable grid operation. 

Even though this is a consultation for procurement early in the decarbonization process, we encourage 

Terna to consider how the Italian grid will evolve in the future to ensure that the right resources are 

contracted and developed in a cost effective manner for the current procurement and for procurement 

in the future. In the 2022 Scenarios description document published by Terna, the Italian national 

demand for utility-scale storage system by 2030 stands at 8.8 GW and 71 GWh, indicating a target 

storage duration of 8 hours. For this reason, adoption of resources with very short durations will be 

relatively ineffective at meeting procurement targets beyond 2030. Similarly, even storage resources 

with 8 hours of duration will be less effective at meeting targets beyond 2030. Terna should not only 

consider immediate system needs, but also consider potential future needs to ensure that the right 

resources get built on the grid and those resources continue to have meaningful impact on the grid in 

the future. Setting targets for specific storage durations for procurement today and illustrating how 

those requirements will evolve in future procurement will be informative to the market preparing to 

submit bids for this capacity and will help to ensure more affordable procurement. 
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Conclusion 
The LDES Council continues to be encouraged by the decarbonization efforts embraced by 

Terna. These goals will help meet climate change objectives and will help develop a model for 

other countries around the world looking to decarbonize. We encourage consideration of these 

comments to improve the process and welcome robust and constructive dialog to ensure the 

best execution possible for this effort. 

 
Sincerely, 
 

 
Gabe Murtaugh 
Director of Markets and Technology 
Long Duration Energy Storage Council 
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Appendix 
September 12th, 2023 

TO: Terna 

FROM: Long Duration Energy Storage Council 

RE: Study on Reference Technologies for Electricity Storage, Public Consultation, April 2023 

The Long Duration Energy Storage Council (LDES Council) appreciates the opportunity to 

provide feedback and participate in the public consultation on the Study on Reference 

Technologies for Electricity Storage published by Terna. Further, the LDES Council supports the 

Italian government’s work to decarbonize the national energy grid and design an auction 

mechanism to help facilitate these goals.2 

The LDES Council is a global non-profit with over 70 members across 20 countries. The LDES 

Council works to accelerate the decarbonization of our world through the application of long 

duration energy storage (LDES). The LDES Council provides member-driven, fact-based guidance 

and research to governments, grid operators and major electricity users on the deployment of 

long duration energy storage for society’s benefit by decreasing emissions, lowering costs and 

adding flexibility to energy systems allowing for more resiliency.  

Background 
The LDES Council conducted research showing least cost solutions to decarbonize energy grids 

require long duration energy storage.3 Further, this research indicates global spending on long 

duration storage of up to $4 trillion USD and installed capacity up to 8 TW to decarbonize to 

net-zero levels.4 Long duration energy storage resources are critical and when developed early, 

could save global systems up to $540 billion USD.5 

 

 

 
2 Request for consultation: https://www.terna.it/it/sistema-elettrico/pubblicazioni/news-

operatori/dettaglio/studio-tecnologie-riferimento-stoccaggio-energia-elettrica. 
3 https://www.ldescouncil.com/insights/  
4https://www.ldescouncil.com/news/long-duration-energy-storage-council-report-spotlights-opportunity-for-

thermal-energy-storage-to-advance-the-clean-energy-transition/  
5 https://www.ldescouncil.com/assets/pdf/221108_NZH_LDES%20brochure.pdf  
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There are many benefits and needs for grid connected long duration energy storage including 

congestion management, load following, inertia, blackstart capabilities and more.6 Long 

duration energy storage also may decrease necessary build out of renewable resources or 

necessary new transmission and distribution infrastructure.  

All storage allows for the opportunity to charge when solar and wind generation exceed 

demand and deliver energy back to the grid when output from renewables is less than total 

demand within a single operating day. Long duration energy storage connected to the grid 

amplifies this ability and allows for large quantities of energy to be stored during prolonged 

periods where generation exceeds demand. These resources also provide added system 

resilience, as storage resources with long durations by nature can provide energy for longer 

periods of time and thus reduce the likelihood of unserved load. This is briefly illustrated in 

Figure 1. 

Figure 1: Technology Applications 

 

 

 

 

 

 
6 Long duration storage can also provide significant benefits for applications to decarbonize operations for 

applications not connected to the grid. 
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With additional investment and development, long duration energy storage technologies will 

experience declines in price accelerating the use and deployment of these technologies. It is 

crucial that governments around the world support the right balance of policy measures and 

financial support to create a marketplace for LDES which can enable its success and 

scalability. 

Key Enablers for Long Duration Energy Storage Participation 
The LDES Council identified the most common barriers hindering development of long duration 

energy storage, and these include:  

● Short-term (such as day-ahead, intraday markets) power markets 

○ Do not provide long-term agreements that could de-risk capital investment 

● Weak multi-day and multi-week market signals  

○ Results in sub-optimal cycling 

● Lack of sufficient carbon-reduction compensation schemes 

Solutions to combat these barriers and foster growth of long duration energy storage include:  

● Markets capable of planning for longer durations, that capture use cases for long 

duration storage 

● Specific storage capacity procurement targets 

● Incorporation of energy storage in grid planning 

● Carbon pricing and removal of fossil fuel subsidies 

● Value flexibility in capacity payments  

● Introduce congestion management trading platforms 

● Appropriately valuing the ability of storage resources to provide peaking power 

● Developing markets for products that support the grid, such as ancillary services 

● Accurate counting and attribution for stand alone long duration storage resources and 

resources paired with renewables 

LDES Council Feedback 
Below, the LDES Council submits feedback directly on the questions outlined by Terna’s the 

Department in the Study on Reference Technologies for Electricity Storage. 
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Section 2 
1. Is it believed that the list of seven technological macro-categories includes all the 

electrical storage technologies currently available? 

The LDES Council understand that the reference study categorizes all storage into seven 

different types including: 1) lithium-ion electrochemical storage, 2) hydroelectric storage, 3) 

compressed air energy storage, 4) non-lithium-ion electrochemical storage, 5) power-to-gas-to-

power chemical storage, 6) electrostatic storage, and 7) flywheel electrochemical storage. 

The LDES council categorizes long duration energy storage into four different approaches 

including: mechanical, thermal, electrochemical, or chemical storage. Figure 2 provides a very 

high-level outline for these four approaches.7 Within each technology family lies multiple 

specific technologies for storing energy and, typically, for each technology there are multiple 

companies developing storage solutions using that technology. 

Figure 2: The Four Families of Long Duration Energy Storage

 

 
7  LDES Technologies, LDES Council: https://ldescouncil.com/ldes-technologies/.  
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The reference study suggests that: “often innovative technologies, especially those with a low 

level of technological maturity and with limited experience in the continuous operation of the 

plants, need many years of development to reach the minimum level of reliability necessary to 

be able to be admitted participating in an auction such as the one in question.” The reference 

study also suggests that “the only technologies with high technological and commercial 

maturity are lithium-ion batteries and hydroelectric pumping.”  The LDES Council respectfully 

presents the following data and facts suggesting that long-duration energy storage is a key for 

decarbonization, and many technologies – outside of lithium-ion and pumped hydroelectric 

storage - are indeed already in use as grid scale projects and are rapidly being adopted and 

deployed in projects around the world. 

The LDES Council collects data from members and other long-duration energy storage 

manufacturers around the world and suggests that today there are more than 10 GW of long 

duration storage energy capacity installed on grids and approximately 15 GW of additional 

projects that have already secured funding and are anticipated to be actively on grids by 2031.8  

This information is shown in Figure 3. This data indicates many technologies are ready for grid 

operations, are recognized as viable energy market participants by financers, utilities, and grid 

operators, and are either already performing or are anticipated to be performing critical gird 

functions in the next few years. 

 

 
8 LDES Council notes that a significant amount of ‘legacy’ pumped hydro storage is not included in Figure 3, and 
that only about 2.5 GW of pumped hydro capacity, including capacity already on-line and capacity that is planned 
for future development. 
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Figure 3: Installed Capacity of Long Duration Energy Storage

 

Development of these technologies is not limited to a handful of markets dabbling in new 

technology. Countries around the world have noted the importance of long duration energy 

storage and are making significant investments in and efforts to fully utilize all aspects of these 

technologies in efforts to decarbonize. 

Since 2019, global investment in long duration energy storage exceeds $58 billion9, and is 

quickly growing. Today, more governments are leading the way with public/private 

partnerships to support the large-scale delivery of long duration energy storage needed to 

ensure energy can be delivered without greenhouse gas emissions. Several countries have 

already made large investments and/or commitments to policies fostering development of long 

duration energy storage including Chile, Spain, Australia, Greece, the United States, India, and 

the United Kingdom. 

Chile is leading the way on LDES in South America by seeking to invest USD$2 billion for energy 

storage projects beginning in 2026. The Chilean government changed laws to ensure storage 

could participate in the marketplace as well as created a marketplace for all types of storage.10 

Similarly, Spain incorporated long duration energy storage into future planning and is launching 

€280 million for energy storage, including standalone, thermal, and pumped hydro  

 
9 https://www.woodmac.com/press-releases/long-duration-energy-storage-projects-attract-more-than-us-$58-

billion-investment-over-last-three-years/  
10 https://www.energy-storage.news/chile-government-seeks-multi-gigawatts-of-large-scale-storage-for-2026-

2028/ 
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technologies11. This, in addition to €160 million in grants for energy storage projects, aims to 

fund 600 MW of projects to go online in 2026. 

Australia and the United Kingdom are also two hotbeds of innovation, driving development of 

grid-scale long duration energy storage technology. The United Kingdom ran several grants to 

stimulate the market, with almost £70 million awarded as part of the £1 billion net zero 

innovation portfolio program from their department for energy security and net zero. 

In Australia, regional governments have a major role to play in ramping up ambition and 

delivery, with Victoria setting an interim target of 2.6 GW of storage by 2030.12 The target 

includes eight hour or more of long duration storage - as well as targets for shorter duration - 

and was announced alongside an AU$157 million support package for renewables and storage 

projects in the state. 

The United Kingdom also pioneered the deployment of long duration storage as part of its focus 

on decarbonization, announcing five innovative long-duration energy storage projects that will 

receive a share of almost £33 million of funding,13 including awards for pumped hydro and 

thermal storage solutions. These projects will help to meet the need for more than 50 GW of 

energy storage. 

India also signed up for Mission Innovation and became the first member country to establish a 

clean international incubation center (CEIIC) for supporting and promoting clean energy-based 

start-ups including storage and long duration energy storage.  

India has some of the most ambitious targets globally for scaling renewable energy. India set 

goals to achieve 500 GW by 203014, and will need to install four times the amount of renewable 

power than was delivered between 2010 and 2020.  

Greece has an overall energy storage deployment goal of 3GW by 2030 to facilitate a 70% 

renewable energy target, and launched an auction for grants towards 400MW of energy 

storage.15 

 
11 https://renewablesnow.com/news/spain-to-award-eur-280m-in-state-aid-for-energy-storage-projects-829095/  
12 https://www.pv-magazine-australia.com/2022/09/27/victoria-targets-6-3-gw-of-renewable-storage-by-2035/  
13 https://www.gov.uk/government/news/energy-storage-backed-with-over-32-million-government-funding  
14 https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/india-aims-to-add-500-

gw-of-renewables-by-2030-70713616  
15 https://www.energy-storage.news/greece-launches-first-400mw-tranche-of-energy-storage-grant-auctions/  
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Significant amounts of storage are being developed in countries around the world. Figure 4 

shows where development of long duration energy storage projects are already located and are 

anticipated within the next few years. Figure 4 shows quantities of storage developed in the last 

10 years and the anticipated quantities in future years. The Australian government can build on 

these successes and challenges faced by other countries. 

Figure 4: Long Duration Storage Project Pipeline

 

Section 3 
1. Do you think this section accurately describes the performance characteristics of the 

reference technologies? 

The LDES Council would like to work with Terna to ensure the diverse benefits and performance 

characteristics of long duration energy storage technologies are incorporated within modeling 

and are considered when procuring and developing resources to reduce greenhouse gas 

emissions. As noted above, there are many different types of long duration energy storage 

solutions, which can serve a variety of system needs. If Terna does not allow for additional 

flexibility from reference technologies, then many critical system attributes will be missed.  
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Figure 5: Net-Zero Needs16 

 

2. Is it agreed that full-converter pumped-storage hydroelectric plants can be designed to 

provide active power regulation during absorption? 

Yes, pumped storage hydroelectric facilities can be designed to provide active power during 

normal operation.  

Section 4 
1. The CAPEX and OPEX ranges indicated for are considered consistent with current market 

value the two reference technologies? 

Projected capital expenditures for long duration energy storage systems are consistent with 

similar breakthrough energy technologies such as wind, photovoltaic solar, and electrolyzers. 

Energy and power capital expenditures could decline by 60 percent in the next 15 years, while 

round trip efficiency could grow by 10-15 percent as the commercialization of systems 

accelerates. In 2040, power capital expenditures costs will likely be between $380 and $960 

USD/kW and an energy capital expense between $4 and $17 USD/kWh. This compares to $60 to 

$110/kW and $70 to $80/kWh for lithium-ion batteries, and $800 to $900/kW for single cycle 

 
16  
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gas turbines in 2040. The capital expenditure for power for long duration 

energy storage, which includes charging and discharging equipment, is expected to show a 

comparable overall decline of around 60 percent across both archetypes, experiencing the 

steepest drop within the next ten years.17 

Figure 6: Long Duration Energy Storage Cost Projections

 

Additional Feedback 
Full decarbonization of a grid is challenging and requires a combination of renewable 

technologies and storage resources of varying duration. The LDES Council makes two 

suggestions, that: 1) tender targets explicitly require certain capacity thresholds of nominal 

duration for storage capacity procurement, and 2) Terna begins requiring longer nominal 

duration of storage capacity sooner. 

Tender targets should specify specific nominal duration for storage resource market 

participation. To decarbonize economically and maintain grid reliability longer duration 

resources are necessary. Procuring these resources may not be possible with simple capacity 

market mechanisms and may require explicit thresholds. Taking a holistic view of necessary 

procurement through a target year for full decarbonization and using estimates of those  

 
17 https://www.ldescouncil.com/assets/pdf/LDES-brochure-F3-HighRes.pdf 
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weather and load forecast to generate future target procurements for storage with a specific 

log duration storage - such as 10+, 24+, 100+, 150+ hour duration resources - will result in 

better success during capacity investment and reaching decarbonization goals. 

This reference study notes that some long duration storage technologies take longer to 

implement and develop. Beginning to specify these targets early will help to ensure these 

resources are available and integrated onto the system in a timely manner to meet 

decarbonization targets. 

Conclusion 
As noted, clean renewable generation and storage - especially long duration energy storage - 

fills reliability gaps, provides flexibility, security, energy shifting, increased dispatchability, and 

reduces the risk of price shocks. To avoid curtailment of future and current solar generation, 

and to meet the public policy goals in Italy, long duration energy storage is critical.  

It is important to ensure the value of long duration energy storage is incorporated today into all 

phases of the capacity investment process. Enabling mechanisms for adaptability and flexibility 

over time will help to maximize the diverse attributes and benefits of long duration energy 

storage projects and deliver maximum benefits to all stakeholders. 

Thank you for your time and consideration. LDES Council members are looking forward to 

submitting bids into this auction process and helping to decarbonize the Italian grid. We are 

happy to discuss LDES Council research with you and provide additional insights and look 

forward to working with the Italian government and Terna to accelerate markets for long 

duration energy storage and continue to support Italy as a renewable energy leader. 

 
Sincerely, 
 

 
Gabe Murtaugh 
Director of Markets and Technology 
Long Duration Energy Storage Council 
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