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Agenda

› Big Picture
⁄ Climate goal and hydrogen economy
⁄ Hydrogen as a decarbonizing solution
⁄ Salt caverns as a storage solution

› Salt deposits in North America
⁄ Potential hydrogen hubs
⁄ Locations analyzed in this study

› Approach
⁄ Geology and cavern dimensions
⁄ Operating conditions
⁄ Thermodynamics principles

› Results
⁄ Working thermal energy
⁄ Storage density
⁄ Temperature fluctuation

› Next steps
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Big Picture

⁄ Keeping global temperature rise below 
1.5-2°C will require world to reach net-
zero emissions by 2050

⁄ The level of decarbonization needed will 
require economywide deployment of 
hydrogen and carbon capture 
infrastructure

⁄ In the IEA’s net-zero scenario, 
hydrogen-based fuels account for 13 
percent of global energy demand in 
2050

⁄ In this study, we will discuss hydrogen 
storage in salt caverns, which is a 
crucial component of hydrogen 
infrastructure

Hy
dr

og
en

 E
co

no
m

y

Climate Goal

Government Policies 
(Tax Credit)

Industrial Manufacturing

Infrastructure

Decarbonized Products 
and Materials

Hydrogen Hub

Clean Hydrogen 
Production

Zero-Carbon Electricity

Natural Gas

Hydrogen Storage in 
Salt Caverns

Geology

Existing Caverns

Hydrogen Use

Carbon Hub

CO2 Removal

CO2 Capture

CO2 Storage

3



Big Picture

⁄ Hydrogen as a decarbonizing solution:
» Clean burning (combusted for energy without emitting GHGs)
» Used for integrating renewables into the energy system 
» Used as transportation fuel
» Used as high-grade industrial fuel
» Can be stored for long periods of time

⁄ Why salt caverns?
» Safe
» Reliable
» Cost-effective bulk storage
» Present near major urban centers
» Environmentally friendly compared to most storage 

technologies

⁄ Upcoming projects:
» Advanced Clean Energy Storage Project by Mitsubishi Power 

Americas and Magnum Development
• 5,500 metric tonnes of hydrogen
• 150 gigawatt hours (GWh) of carbon-free dispatchable energy

Source: CSIRO
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Subsurface Hydrogen Storage Options

› Domal caverns
⁄ Proven
⁄ Typically cleaner salt
⁄ Less variables

› Bedded caverns
⁄ Dirtier salt
⁄ Nonsalt interbeds, pathways for 

hydrogen?

› Porous reservoirs

Source: API
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Salt deposits in North America

› North America has abundant amount of salt located 
near major industrial centers

› Locations for case studies were picked based on the 
following parameters:

⁄ Presence of industry
⁄ Salt geology
⁄ Existing caverns

› Locations analyzed in the study:
⁄ Alberta (bedded salt)
⁄ Kansas (bedded salt)
⁄ Michigan (bedded salt)
⁄ West Texas (bedded salt)
⁄ Gulf Coast (domal salt)
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*Not all of the locations that provide 
hydrogen storage potential are 
analyzed in this study; some of these 
areas include Ontario, New York, Utah, 
Ohio, and the Maritime provinces.



Approach

⁄ Salt Cavern Thermal Simulator (SCTS) was used to model 
the thermodynamics of operating hydrogen storage 
caverns

⁄ The thermodynamic processes involved in a hydrogen 
storage cavern include:

» Energy changes caused by mass flow into and out of the cavern
» Heat transfer between the hydrogen and the surrounding rock
» Heating and cooling caused by hydrogen compression and 

expansion

⁄ Operating conditions:
» Hydrogen turns/year: 1
» Cavern operational life: 30 years
» Minimum pressure at the casing seat: 0.25 psi/ft
» Maximum pressure at the casing seat: 0.80 psi/ft
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Cavern Dimensions

› Cavern size has an impact on working gas 
capacity

› Cavern dimensions were based on salt 
geology

⁄ Cavern height was based on salt deposit 
thickness

⁄ Cavern diameter was limited to 250 ft

› Volume:
⁄ Gulf Coast caverns have the largest volume
⁄ Caverns in Kansas have the smallest volume

› Depth:
⁄ Caverns in Alberta are the deepest
⁄ Caverns in Kansas are the shallowest

› Note:
⁄ Salt strata’s depth and thickness can vary 

within the deposit
⁄ A case study does not represent the 

hydrogen storage capacity throughout the 
entire salt deposit. 
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Pressure Range

› Pressure range has an impact on storage 
density

› Maximum and minimum pressures are 
dependent on the depth of the cavern

⁄ Minimum pressure at the casing seat: 
0.25 psi/ft

⁄ Maximum pressure at the casing seat: 
0.80 psi/ft

› Pressure range is largest in the deeper 
caverns

⁄ Caverns is Alberta have the largest 
pressure range

⁄ Caverns in Kansas have the smallest 
pressure range

9



Results
Working Thermal Energy: All Cases

› Working thermal energy:
⁄ Calculated from working gas capacity 

(i.e., volume of hydrogen that can be 
effectively used for storage)

› Working thermal energy is dependent on 
THE FOLLOWING PARAMETERS:

⁄ Size of the cavern
⁄ Pressure range (max - min pressure)

› In this study:
⁄ Gulf Coast caverns have the largest 

working thermal energy (505 GWh)
⁄ Kansas caverns have the smallest 

working thermal energy (13 GWh)

Cavern Volume (MMbbls)
0.699 0.874 1.530 1.530 2.623 0.874 8.742 8.742
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Pressure Range (psi)
549 879 3354 1649 1649 1209 2090 715



Results
Working Thermal Energy: Alberta and Gulf Coast

Not to scale
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Cavern Volume (MMbbls)
0.699 0.874 1.530 1.530 2.623 0.874 8.742 8.742

Pressure Range (psi)
549 879 3354 1649 1649 1209 2090 715



Results
Storage Density: All Cases
› Storage Density:

⁄ Working thermal energy per unit volume of 
the cavern

⁄ Better metric of hydrogen storage 
efficiency as compared to working thermal 
energy

› Caverns with high storage density are 
preferred in terms of cost efficiency

› Storage density increases with depth and is 
dependent on the pressure range

› In this study:
⁄ Alberta-Deep case caverns have the 

largest storage density (509 kWh/m3)
⁄ Kansas caverns have the smallest storage 

density (117 kWh/m3)
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Cavern Volume (MMbbls)
0.699 0.874 1.530 1.530 2.623 0.874 8.742 8.742

Pressure Range (psi)
549 879 3354 1649 1649 1209 2090 715



Results
Storage Density: Alberta and Gulf Coast

Not to scale
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Cavern Volume (MMbbls)
0.699 0.874 1.530 1.530 2.623 0.874 8.742 8.742

Pressure Range (psi)
549 879 3354 1649 1649 1209 2090 715



Comparison
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Temperature Fluctuation

⁄ Temperature fluctuations occur when 
hydrogen is injected and withdrawn from the 
cavern

⁄ Large temperature fluctuations should be 
avoided

⁄ Temperature fluctuations increase with 
depth

» Deeper caverns have a larger pressure range, 
which generally results in a larger temperature 
range

• 73°F in Alberta-Deep cavern
• 38°F in Alberta-Shallow A cavern

⁄ Temperature fluctuations increase with 
cavern volume

• 45°F in “Alberta-Shallow B-Large Volume” cavern
• 38°F in “Alberta-Shallow A” cavern
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Cavern Volume (MMbbls)
0.699 0.874 1.530 1.530 2.623 0.874 8.742 8.742

Pressure Range (psi)
549 879 3354 1649 1649 1209 2090 715



Thank you!

Questions?
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