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1. Introduction 
The hot technology now is Short-Term Storage (read: lithium-ion battery energy storage 
systems or BESS), and I write about these frequently. For instance, as I’m starting to 
write this paper I just posted: 

Battery Energy Storage Projects & Developments: With this post we focused on new 
grid-scale BESS projects and other developments for BESS technology. 

https://energycentral.com/c/cp/battery-energy-storage-projects-developments  

However there are really two or three types of energy storage systems from a duration 
(discharge time) standpoint. Li-ion BESS typically have a one to four-hour discharge 
period at full-output. Although it really hasn’t found a strong market, a BESS based on 
flow-battery technology can economically provide a duration of up to eight hours. 

And finally we have the subject of this post. My last post on a similar subject was in June 
of last year: 

Long-Term Storage: This paper described long-term storage technologies, some 
economic considerations, and recent developments. 

https://energycentral.com/c/cp/long-term-storage  

Long-Term storage potentially provides a duration longer than could be economically 
provided by a Flow-BESS. In this post I will briefly cover pumped storage (covered 
thoroughly in “Long-Term Storage”), also I will cover a technology for long-term storage 
based on green-hydrogen, and finally a couple of emerging technologies that might 
provide long-term storage in the future. 

2. The Role and Economics for Long-Term Storage 
In the California (and other western states) summer there are seasonal peaks. We call 
these heat-storms. These are periods of three to five days (sometimes longer) where the 
average and peak temperature is 10 to 15 degrees above normal. In these periods, we 
have daily peak demands that are substantially elevated.  

2.1. Role 

During heat storms, after the second or third day normal (Li-Ion) BESS start running out 
of discharge capacity near the end of the daily peak-demand period. Since this is well 
after our PV projects have stopped producing, we need to hope for a high availability 
from other resources. Early in the year, this might currently be hydro and gas-fueled 
combined-cycle plants. Late in the year (after July) especially in drought years, hydro 
availability diminishes, leaving the load to be served the gas plants. This is what 
happened in August of 2020, and a few gas plants were not available, leading to load-
curtailments (rolling blackouts). 

During these peak-on-a-peak periods, current long-term storage projects (pumped 
storage) are heavily used. Although California has substantial pumped storage capacity, 

https://energycentral.com/c/cp/battery-energy-storage-projects-developments
https://energycentral.com/c/cp/long-term-storage
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we could use more, and there are projects in the planning stage (see the next section). 
For the current fleet, see section 4 in the “Long-Term Storage” paper linked above. 

There are also needs for long-term storage further east. These areas have long heat-
waves, these will worsen with climate change and thus there is a need for long-term 
storage to cover these periods. 

2.2. Economics 

One of the secrets to economic success for a merchant is to buy low and sell high. 
When it comes to long-term storage projects, this means buying energy at the lowest of 
the lows, and selling at the highest of the highs. The latter was described in the prior 
subsection for the western U.S. The lowest of the low energy costs in the west is during 
a clear day, when PV projects are producing plenty of power, but demand has not yet 
peaked. That is, late morning to early afternoon on a relatively cool summer day. This is 
when long-term storage projects will grab this cheap energy, and sock it away for the 
next heat storm. 

3. Pumped Storage 
The good news with pumped storage is that these projects: 

 Are extremely efficient 

 Are extremely reliable 

 Have a high capacity (maximum discharge times greater than 12 hours) 

 Are extremely long-lived 

 Only produce significant greenhouse gas (GHG) during initial construction 

The bad news is: 

 They need a very specific landscape, either 

o Two reservoirs that are close but have a substantial altitude difference, or 

o A dry-land site where the above described reservoirs can be created (as 
described above) that is available, inexpensive, and there is a nearby 
source of water 

 They are very expensive to build, with the main labor being building a tunnel or 
pipeline between the low reservoir, the pump / hydro-electric turbine and the high 
reservoir.  

 Licensing, and the capital cost of the pump / hydro-electric turbine are also high. 

The site also needs reasonable road-access (for construction, operation and 
maintenance) and a nearby transmission line. 

Thus potential developers of the projects need for their yearly financial yield to be able to 
amortize the high construction cost plus provide a reasonable profit. The viability of 
these projects appear to be slowly increasing over time. 

3.1. Obstacles to Development 

Currently, some of the developers that have pumped storage projects planned, are also 
developing BESS or photovoltaic plus BESS Projects, and these have much higher 
yields, Thus these firms have moved pumped storage projects to the back burner. 
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At least one of the developers of a pumped storage projects also focuses on hydro 
projects which have characteristics (as described above) similar to pumped storage, but 
they also are moving at a glacial speed. This must indicate that they too are waiting for 
the economics to improve. The next two subsection explain how this might happen. 

3.2. California PUC Reference System Portfolio 

In March of 2020 the California Public Utility Commission approved a reference system 
portfolio to be used for Integrated Resource Plans and Transmission Planning through 
2030. This was developed through an extensive planning and modeling process that is 
described in the proposed ruling referenced here.1  

The table and constraint below lists the buildout required to develop the portfolio.  

 Cumulative Incremental Resource Buildout in Key Scenarios in Megawatts 

 

The above is required to meet the goal of 46 million metric tons (MMT) of greenhouse 
gas (GHG) emitted by the electric sector in 2030. The 2018 GHG emissions by this 
sector were approximately 100 MMT. 

The additional pumped storage capacity that will be required by 2026 is 1,605 MW. 

3.3. California AB 2255 

The title bill, “Long duration energy storage systems” is referenced at the end of this 
paragraph. Under existing law, the Public Utilities Commission (PUC) has regulatory 
authority over public utilities, including electrical corporations. …Pursuant to these 
provisions, the PUC has adopted decisions establishing energy storage system 
procurement targets. Existing law requires each load-serving entity, by January 1, 2016, 
and again by January 1, 2021, to submit a report to the PUC demonstrating that it has 
complied with the energy storage system procurement targets and policies adopted by 
the PUC.2 

This bill would require the PUC …to timely incorporate consideration of long-duration 
energy storage systems, as defined, into their energy and resource planning. The bill 
would require the PUC and the Energy Commission to consider measures to advance 

                                                 
1 Administrative Law Judge Julie Fitch, California Public Utilities Commission, “2019-2020 Electric 

Resource Portfolios to Inform Integrated Resource Plans and Transmission Planning”, Feb 21, 2020, 

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M330/K357/330357384.PDF  
2 California Legislative Information, “AB-2255 Long-duration energy storage systems.(2019-2020)”, Mar 

26, 2020, https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB2255  

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M330/K357/330357384.PDF
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB2255
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described objectives for long-duration energy storage, including support through 
research and development, demonstration, procurement, and incentives. 

Existing law requires the PUC to adopt a process for each load-serving entity to file an 
integrated resource plan and a schedule for periodic updates to the plan to ensure that 
load-serving entities accomplish specified objectives… 

This bill would require the PUC, as part of the integrated resource planning process, to 
undertake specified activities to support eligible renewable energy resource goals, to 
support operational flexibility and reliability, and to enhance resiliency on the local and 
distribution level. 

This bill would require the ISO, with stakeholder engagement, to review the modeling 
done by the PUC as part of the 2017–18 integrated resource planning proceeding or, if 
available, the modeling inputs and assumptions identified as part of the last succeeding 
integrated resource planning proceeding cycle, with regard to the 30,000,000 metric ton 
carbon emissions target for the electric sector under the high-load, low natural gas 
generation availability scenario, to make an assessment as to whether long-duration 
energy storage is needed under that scenario on or before 2030, and to make specified 
related determinations… If the Governor, after consideration of those matters, 
determines to accept the conclusions of the review and assessment and to proceed with 
the development of long-duration energy storage systems, the bill would require the 
Governor to notify the ISO that it is authorized to develop, pursuant to a public process, 
a competitive solicitation process and operational and cost-recovery mechanisms to 
enable the development of long-duration energy storage systems, meeting specified 
requirements… 

This bill has been floated for several years in different forms, and not yet made it past 
the amendment stage. At least one large hydro-generation development firm (NextEra, 
see the first project below) has been lobbying the legislature to move the above bill 
forward. 

3.4. Future Pumped Storage Projects 

I specifically looked for future large projects, and I looked nation-wide via a FERC site. 
Most of the projects found were very early-stage. I drilled down on one of these, and 
found that it had little chance of overcoming the many obstacles it faced. I assume that 
other similar projects would face similar obstacles. I decided to only review projects that 
had final FERC approval, strong financial backing and faced few obstacles.  

I did find one project (in California) that seemed to meet the above requirements. This is 
described in the subsection below. 

3.4.1. Eagle Mountain Pumped Storage Facility 

This is a shovel-ready project near Joshua Tree National Park. The primary developer is 
Eagle Crest Energy Company, which is based in Santa Monica, CA. NextEra Energy 
acquired a majority stake in Eagle Crest in 2018.  

Eagle Mountain Mine was operated by Kaiser Steel Corporation from 1948 to 1982 for 
the mining and concentrating of iron ore through excavation of four open pits located on 
the land. Eagle Crest Energy obtained exclusive rights to study the site for development 
of a hydroelectric project from the Federal Energy Regulatory Commission (FERC). 
Using two of the excavated open mine pits as reservoirs, the Eagle Mountain Pumped 
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Storage Project will store water in an upper reservoir for later release through an 
underground power plant to the lower reservoir, generating electricity during peak hours 
when it is needed most.3 

The Eagle Mountain Pumped Storage Project will generate 1,300 MW of dispatchable 
power when needed. 

A Preliminary Permit was issued by the Federal Energy Regulatory Commission (FERC) 
in 2005, and renewed in August 2008. A Draft License Application was submitted in 
June 2008, and a Final License Application was filed on June 22, 2009 by the Eagle 
Crest Energy Company. The License to construct was issued in June 2014. 

There are several organizations opposing this project. One, the National Parks 
Conservation Association, also wants to incorporate the area around the Eagle Mountain 
Mine into Joshua Tree National Park.4 

An editorial by a regional newspaper said: In order to work, Eagle Crest would have to 
overdraft groundwater basins underlying Joshua Tree National Park, which officials at 
the National Park Service say would damage this finite resource.5 

4. Green Hydrogen Storage 
Green hydrogen is hydrogen produced by electrolysis using only very low-GHG 
electricity. This electricity is typically from photovoltaic, wind, hydro or other renewables. 
This is “renewables” per my definition. California does not officially consider large hydro 
nor nuclear “renewables”, but I do. 

4.1. Green Hydrogen Carrier 

The best carrier for green hydrogen probably is ammonia. For a deep dive on this 
subject go through the link below to a post from about six months ago. 

Release the Crackers: This paper investigated why ammonia is probably the best 
carrier for hydrogen, possibly can be used directly as a fuel, and the latest developments 
in ammonia technology including crackers. 

https://energycentral.com/c/ec/release-crackers 

4.2. Hydrogen Energy Storage System (HESS) 

Recently, substantial development has been done to more efficiently use renewable 
energy to generate green hydrogen. One step further is to store the hydrogen and then 
later use it in a combustion turbine or fuel cell to generate power. This would create 
hydrogen energy storage system. 

One company investing in all components of the HESS is my former employer, Siemens. 
For recent activity along this path, go through the link below to a recent l article. 

                                                 
3 Eagle Crest Energy Company, Eagle Mountain Pumped Storage Project, 

http://www.eaglecrestenergy.com/project-description.html  
4 National Parks Conservation Association, “Protect Eagle Mountain from Dangerous Development 

Proposals”, https://www.npca.org/advocacy/38-protect-eagle-mountain-from-dangerous-development-

proposals  
5 Chris Clarke, Desert Sun, “Valley Voice: Legislation to save Eagle Mountain power plant bad for desert, 

Californians, May 6, 2020, https://www.desertsun.com/story/opinion/contributors/valley-voice/2020/05/06/legislation-save-

eagle-crest-project-bad-for-desert-and-ratepayers-chris-clarke-valley-voice/5178484002/  

https://energycentral.com/c/ec/release-crackers
http://www.eaglecrestenergy.com/project-description.html
https://www.npca.org/advocacy/38-protect-eagle-mountain-from-dangerous-development-proposals
https://www.npca.org/advocacy/38-protect-eagle-mountain-from-dangerous-development-proposals
https://www.desertsun.com/story/opinion/contributors/valley-voice/2020/05/06/legislation-save-eagle-crest-project-bad-for-desert-and-ratepayers-chris-clarke-valley-voice/5178484002/
https://www.desertsun.com/story/opinion/contributors/valley-voice/2020/05/06/legislation-save-eagle-crest-project-bad-for-desert-and-ratepayers-chris-clarke-valley-voice/5178484002/
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https://energycentral.com/news/siemens-gamesa-siemens-energy-unlock-new-era-offshore-green-hydrogen-
production?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_01_15  

The above article discusses using low-cost off-shore wind to produce inexpensive green 
hydrogen. This will certainly work in Europe, where they already have huge amounts of 
offshore wind, and are rapidly building more. In a few years this will also work on the 
U.S. East Coast where many off-shore wind projects are starting to sprout. In California 
and elsewhere in the western U.S., low cost Photovoltaic (PV) might be the best energy 
to use for electrolysis. This would avoid the requirement for additional short-term battery 
storage to mitigate PV’s variability for and provide both short and long-term storage. 

Also, once the green hydrogen is generated, there are other ways to monetize it, like 
using it to fuel locomotives after they convert from diesel. 

4.3. Evolution of Existing Natural Gas Fueled Co-Gen Plants 

One of the components of HESS is the fuel cell or combustion-turbine generator set. In 
the latter case, Siemens has been working on these designs for many years, and 
Siemens fleet experience with high hydrogen content fuels is extensive, with more than 
55 units around the world amassing 2.5 million operating hours since the 1960s.6 

Using hydrogen in combustion turbines is not a trivial matter: Hydrogen differs from 
hydrocarbon fuels by its combustion characteristics, which pose unique challenges for 
gas turbine combustion systems designed primarily for natural gas fuels. Flame 
temperatures for hydrogen under adiabatic and stoichiometric conditions are almost 300 
ºC higher than for methane. Hydrogen’s laminar flame speed is more than three times 
that of methane and the autoignition delay time of hydrogen is more than three time 
lower than methane, as shown in Figure 5 for flame temperatures of 1600 °C. With these 
characteristics hydrogen is a highly reactive fuel and controlling the flame to maintain the 
integrity of the combustion system and reach the desired level of emissions is a 
formidable challenge for research and development teams. 

  

                                                 
6 Kathleen Bohan, Eva Verena Klapdor, Bernd Prade, Anders Haeggmark, Ghenadie Bulat, Nakul Prasad, 

Michael Welch, Peter Adamsson and Thomas Johnke, Siemens AG, “Hydrogen power with Siemens gas 

Turbines”. 2020, https://assets.new.siemens.com/siemens/assets/api/uuid:ddb422e8-3079-452b-a6bd-

0f662e1f9309/version:1588850196/hydrogencapabilitesgt-april-2020.pdf  

https://energycentral.com/news/siemens-gamesa-siemens-energy-unlock-new-era-offshore-green-hydrogen-production?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_01_15
https://energycentral.com/news/siemens-gamesa-siemens-energy-unlock-new-era-offshore-green-hydrogen-production?utm_medium=eNL&utm_campaign=DAILY_NEWS&utm_content=416684&utm_source=2021_01_15
https://assets.new.siemens.com/siemens/assets/api/uuid:ddb422e8-3079-452b-a6bd-0f662e1f9309/version:1588850196/hydrogencapabilitesgt-april-2020.pdf
https://assets.new.siemens.com/siemens/assets/api/uuid:ddb422e8-3079-452b-a6bd-0f662e1f9309/version:1588850196/hydrogencapabilitesgt-april-2020.pdf
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Gas turbines for recent Siemens utility-scale combined cycle plants use dry low 
emissions (DLE) combustion systems. Converting these to use partial or 100% hydrogen 
fuels presents several challenges. 

In dry low emissions (DLE) combustion systems, fuel and air are mixed prior to 
combustion in order to precisely control flame temperature which, in turn, allows the 
control of the rates of chemical processes that produce emissions such as nitrogen 
oxides (NOx). The relative proportions of fuel and air is one of the driving factors for NOx 
but also for flame stability. Hydrogen’s higher reactivity poses specific challenges for the 
mixing technology in DLE systems: 

 Higher flame speeds with hydrogen increase the risk of the flame burning closer 
to the injection points, travelling back into mixing passages or burning too close 
to liner walls leading to damage. This risk increases as the hydrogen content in 
the fuel is increased and with increasing combustion inlet and flame temperature 

 Hydrogen’s lower auto-ignition delay compared to methane increases the 
likelihood of igniting the fuel in the mixing passages leading to damage 

 Changes to thermoacoustic noise patterns because of the different flame heat 
release distribution can reduce the life of combustion system components. 

Siemens DLE combustion systems generally use swirl stabilized flames combined with 
lean premixing to achieve low NOx emissions without dilution of the fuel. The acceptable 
fuel fraction of hydrogen depends on the specific combustion system design and engine 
operating conditions. Hardware and control system changes are required for higher 
hydrogen fuel contents to allow the systems to operate safely, meet NOx emissions 
limits and manage varying fuel compositions. Siemens is in the process of extending the 
hydrogen capability of its DLE systems. 

 

For additional information on partial or full-hydrogen fuel operation, see reference 6. 

4.4. Evolutionary Path 

In the short term many existing combined cycle plants can use partial green hydrogen 
fuels, thus significantly decreasing their greenhouse gas emissions. In the long term, 
these same plants can to evolve to 100% hydrogen operation, and be used as part of 
hydrogen energy storage system (HESS). These plants will be composed of. 

 Advanced Siemens electrolysis systems powered by low-cost, off-peak 
renewable power will produce green hydrogen. 

 This hydrogen will be stored, probably using large high-pressure cylinders (over 
10,000 psi). 

 A modified Siemens combined cycle plant will provide the stored power by 
burning 100% hydrogen, and thus will produce no significant greenhouse gases. 
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5. Recent Low-Risk Breakthroughs 
Like with the above Siemens HESS, the best way to create a new product with low risk 
is to start with existing technologies, assemble them in unique ways and refine them as 
required. A few new startups in the energy storage business have done this. These are 
described in this section. 

5.1. Malta 

The Malta concept is built upon well-established principles in thermodynamics for a 
system that stores energy as heat (in molten salt) and as cold (in a chilled liquid). The 
project was incubated at X, Alphabet’s Moonshot Factory, which applies audacious 
thinking and radical new technologies to solve the world’s most challenging problems. 
Based on the research they’d seen, X identified the Malta system as a product that had 
the potential to unlock a wealth of inexpensive clean energy to address global energy 
demands.7 

The key thing about the Malta system is that it is simple: 

 

The advantages are: 

 Duration of storage can be easily scaled-up as required by expanding the 
thermal storage (up to at least 10 hours).8 

 Robust: product lifetimes of at least 20 years 

 Put the system anywhere. 

 High Power: Malta's core plant design would charge at a rate of 185 megawatts 
and will be able to discharge at 100 megawatts for up to 10 hours. 8 

Malta has already submitted bids for storage solicitations… and plans to have its first 
commercial project online in 2024 or 2025.8 

                                                 
7 Malta, Our Story, https://www.maltainc.com/our-story  
8 Julian Spector, Greentech Media (GTM), “Google Spinoff Malta Nabs $50M Series B for Thermal Long-

Duration Storage”, Feb 24, 2021, https://www.greentechmedia.com/articles/read/google-spinoff-malta-nabs-50m-

series-b-for-thermal-long-duration-storage?utm_medium=email&utm_source=Daily&utm_campaign=GTMDaily  

https://www.maltainc.com/our-story
https://www.greentechmedia.com/articles/read/google-spinoff-malta-nabs-50m-series-b-for-thermal-long-duration-storage?utm_medium=email&utm_source=Daily&utm_campaign=GTMDaily
https://www.greentechmedia.com/articles/read/google-spinoff-malta-nabs-50m-series-b-for-thermal-long-duration-storage?utm_medium=email&utm_source=Daily&utm_campaign=GTMDaily
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5.2. Others 

There are at least a couple of other firms that may be attempting to follow the model 
described at the beginning of this section. Form Energy is one, but I researched them, 
and their “Aqueous-Air Battery” was a bit strange, and they have a reputation for being 
secretive, so I decided to wait a bit. 

Highview Power uses a cryogenic process to cool air until it liquefies, and then expands 
it through a turbine to reclaim the energy required to cool the air. The process seems to 
use hot and cold thermal storage to help maintain reasonable efficiency. They are 
building a 50-MW pilot system in the UK, so there might be hope. There is a link to their 
site below. 

https://highviewpower.com/  

https://highviewpower.com/

