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BY DREW ROBB

Battery energy storage systems (BESS) help offset the intermittent nature of 
wind and solar energy by storing excess renewables for use when the sun 

isn’t shining or the wind isn’t blowing. However, BESS only provides four hours 
of energy. What is needed is a solution that provides power over a longer 
stretch of time. 

Enter long-duration energy storage (LDES) developer and operator Hy-
drostor. After being awarded a loan guarantee of up to US$1.76 billion with 
the US Department of Energy’s Clean Energy Financing Program in 2024, the 
company’s first large 9S project, known as Willow Rock, is moving closer to 
breaking ground. 

“Willow Rock is under permitting review from the California Energy Com-
mission, whose decision on the project is expected in 53 of 2025,” said Scott 
Bolton, executive vice president of global policy and regulatory affairs at Hy-
drostor. “We expect construction to begin in late 2025 and the facility to 
come online in 2030.” 

Meanwhile, the company just learned that its development application for 
its Silver City Energy Storage Centre (SCESC) in New South Wales, Australia, 
has been approved. Construction is now set to begin later this year.

With a total capacity of 200 MW and 1600 MWh (8 hours of storage dura-
tion at full output), it will replace aging diesel generators. SCESC will draw 
from existing renewable energy infrastructure in the region 

“The approval marks a significant step along both ,ydrostor’s journey in 
Australia and the adoption of long-duration technology nationally,” said Martin 
Becker, ,ydrostor’s senior vice president of origination and development. 

BATTERY ENERGY STORAGE FACES 
CHALLENGES 

BESS has been the darling of the renew-
able world for the last couple of years. 
It addresses a serious challenge faced by 
wind and solar. While the overall capacity 
of renewables is approaching that of natu-
ral gas, the reality is that less than a third 
can be counted on because of intermit-
tency. No one can snap their fingers and 
cause clouds to dissipate or wind to gust. 
The hope has been that BESS could fill the 
gap. If wind is blowing at dawn, but grid 
demand is low, then the energy could be 
transmitted to batteries so it can be used 
when needed. 

Subsidies at a state and federal level in 
the United States have caused a BESS con-
struction boom. There is around 20 GW of 
short-term battery storage operating in the 
nation today, up from 1 GW at the start of 
the decade. Some estimates say it could go 
as high as 140 GW by the end of the de-
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cade. But that was before a fire in .anuary 2025 at the 
world’s largest BESS site. The 500 MW Moss Land-
ing project in California has highlighted the dangers 
of widespread deployment of lithium-ion batteries. 
These are the same batteries that airlines restrict in 
checked bags because of the risk of fire.  

Alternative approaches, particularly those that pro-
vide a longer reserve of energy, are gaining more at-
tention. Willow Rock could be coming to fruition at 
the perfect time. 

,ydrostor, the company behind Willow Rock, 
is headquartered in Toronto, Canada, with offices 
in Melbourne, Australia, and Denver. It success-
fully developed 10 MW of BESS for a site in God-
erich, Ontario, that has been running since 2020. 
Two larger projects are progressing well along the 
development pipeline ¯ one in California and the 
other in Australia. 

According to Bolton, the Willow Rock Energy Stor-
age Project in Kern County, California, will provide 
500 MW of capacity at eight hours of continuous dis-
charge (4000 MWh). If less than 500 MW is needed 
by the local grid, then the duration increases. 

“Once in service, grid operators will optimize this 
resource as needed based on daily supply and de-
mand needs,” said Bolton. “Our technology can scale 
up to larger capacities and durations for a relatively 
low marginal cost. Compared to short-duration bat-
tery storage, this technology has lower safety risks 
and is not tied to price ¾uctuations and uncertain 
supply chains of rare minerals.” 

AD:ANCED COMPRESSED AIR ENERG= STORAGE 
,ydrostor uses a traditional approach to long-term energy stor-

age known as compressed air energy storage (CAES), but with a 
twist. Traditional CAES uses off-peak power to run compressors 
that inject air into an underground storage chamber such as a 
salt cavern. During hours of high electric demand, compressed 
air is withdrawn from the cavern, preheated, and introduced to 
combustors where natural gas is fired to further heat the air. ,ot 
expanding gases drive expansion turbines that are connected to 
a generator and produce electricity for the grid. The fuel rate is 
considerably better than that of a modern combined cycle power 
plant. The system produces more energy than is needed to com-
press the air. The machinery train consists of low-pressure (LP), 
intermediate-pressure (IP), and high-pressure (,P) compres-
sors, LP and ,P turbo-expanders, gas turbines, and synchro-self-
shifting (SSS) clutches. The engagement or disengagement of the 
clutches control whether the motor/generator is used to drive 
the compressor or generate grid power. 

Only a handful of plants have ever been built� ,untorf, Germany 
(320 MW) in 1979� the 100 MW McIntosh plant in Alabama in 1991� 
and a couple of recent 300 MW facilities in China. 

The McIntosh plant is owned by Power South, a utility. It com-
prises a single machinery train with two Siemens Energy compres-
sors and expanders, a motor/generator, and a huge salt cavern. It 
takes about 40 hours to recharge the cavern with compressed air, 
after which the generator can provide power at full capacity for 
about 25 hours. The unit performs emergency starts in 9 min-
utes and runs year-round. It provides peaking power when needed 
and otherwise helps control the grid in fall and spring or provides 
backup power based on market conditions. Fuel costs, electricity 
prices, and grid conditions determine how it is operated. 

Battery energy storage systems are being deployed across the United States. 
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Continued on page 26

Hydrostor’s Advanced Compressed Air Energy Storage 
(A-CAES) system takes the burning of natural gas out of 
the equation to offer an emission-free alternative. Energy 
from renewable sources (or from the grid at off-peak hours) 
is used to drive compressors that pressurize air and send 
it into caverns about 2000 ft. (609 m) underground. These 

caverns are used to store water. When air is pumped down 
a shaft into the cavern, water is displaced and ¾ows up an-
other shaft to fill a reservoir on the surface. When stored 
energy is required, the process is reversed. The water is al-
lowed to return to the cavern, which drives compressed air 
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Traditional compressed air energy storage (CAES) systems switch between driving the compressor or generating power. A combination of 
gas turbines, compressors, expanders, and synchro-self-shifting clutches are used to compress air and store it underground before releasing 
the air as part of the operation of the turbine-generator.
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“We are closely engaged with multiple OEMs [original 
equipment manufacturers] that have demonstrated capabil-
ities and existing deployments in this size class,” said Phe-
bus. “The final OEM for the turbines and equipment will be 
determined during the equipment procurement process.” 

Phebus added that each train will contain an electric mo-
tor-driven air compressor drivetrain, heat exchangers, an 
air turbine generator, air exhaust stacks, and ancillary equip-
ment. They will share a common set of thermal storage 
tanks (hot and cold water), as well as the air storage cavern.

The California grid is now rewarding companies that use 
turbines and generators with clutches to provide synchro-
nous condensing and grid stability services. 

“The ,ydrostor system has the ¾exibility to operate in 
synchronous condensing mode using a clutch,” said Phebus. 
“Our Australian project uses synchronous condensing as 
part of standard operations. The application of that option 
at Willow Rock has not been decided yet.” 

Hydrostor contends that its architecture and processes 
are much more efficient than traditional CAES. The expecta-
tion is that there will be a round-trip efficiency of about 65	 
for A-CAES whereas it is less than 50	 for traditional CAES. 

In addition, Hydrostor avoids burning fuel via the capture 
and reuse of thermal energy generated during the air com-
pression process. The water in pressurized storage tanks 
can reach about 392×F (200×C). That heat is reused to heat 
up the cold air when it emerges from below ground. A-
CAES also maintains steady output pressures as air is ex-
pelled from the cavern under hydrostatic pressure, which 
helps the turbines run more efficiently. 
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upward to a turbine that turns the air back into electricity. 
Large SSS clutches are used to shift the process from stor-
age to power generation mode by engaging or disengaging 
the turbine as needed.  

Since final funding and vendor selection are in their last 
stages, no specific details of the equipment are available. 
However, the aboveground site will require compressors, 
expanders, a turbine-generator, heat exchangers, and a 
thermal management system to capture the heat of com-
pression and use it during expansion. Four multistage com-
pressor trains with approximately 500 MW electrical con-
sumption are expected to be part of the system that will 
compress ambient air and store it underground, according 
to Chris Phebus, ,ydrostor’s chief technology officer. 

“Several axial and integrally geared centrifugal compres-
sor designs are capable of meeting our specifications,” said 
Phebus. “We split each compressor train into two separate 
compressors: a low-pressure compressor and a combined 
intermediate-/high-pressure compressor, each with a rat-
ing of approximately 65 MW. Most vendors use axial tech-
nology for the low-pressure system and integrally geared 
centrifugal machines for the intermediate-/high-pressure 
system. All the shortlisted compressor vendors are deploy-
ing products with significant operational experience.”

,e added that Willow Rock will be a nominal 520 MW 
gross (500 MW net) and 4160 megawatt-hour (MWh) gross 
(4000 MWh net) facility. It will consist of four 130 MW 
power turbine trains. Standard steam turbines will be used 
with blade selections and aero designs optimized to run on 
air instead of steam. 

The Goderich Energy Storage Project In Canada
Image courtesy of Hydrostor
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“Willow Rock will be capable of eliminating the 
equivalent of roughly 120,000 cars off the road every 
year over its 50+ year project life,” said Curtis Van 
Walleghem, chief executive officer of ,ydrostor.

With funding looking good, and permitting ongoing, 
interconnection is also taken care of. ,ydrostor has 
confirmed that all 500 MW is deliverable to the grid. 
Power purchase agreements (PPAs) have started to 
come in. 

“Willow Rock has a signed PPA for 200 MW of the 
500 MW project with Central Coast Community En-
ergy and is short-listed with other off-takers for the 
balance of the project,” said Bolton. 

BE=OND T,E 9NITED STATES
Beyond the 9nited States, energy storage is also a 

hot button. ,ydrostor has an approved project about 
to start construction in New South Wales, Australia. 
The SCESC has a Crown Lands Agreement for a 65-year 
lease with the government. It should be online in 2028. 

“As electricity demand continues to grow from 
things like electrification and data centers, energy 
storage is going to become even more important to 
ensuring a reliable and resilient grid, particularly as 
more intermittent solar and wind power comes on-
line,” said Bolton. “It’s estimated the world will need 
to deploy 8 TW of long-duration energy storage to 
support these needs by 2040, and A-CAES is a proven, 
financeable, safe, and environmentally friendly option 
to provide that storage.” 
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This rendering of the Silver City Energy Storage Centre in Australia shows the water storage pool on the left.
Image courtesy of Hydrostor 
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