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Introduction

Hydrogen energy storage is 

another form of chemical 

energy storage in which 

electrical power is converted 

into hydrogen. This energy 

can then be released again by 

using the gas as fuel in a 

combustion engine or a fuel 

cell.

4 ways storing renewable hydrogen:

• Geological hydrogen storage

• Liquified hydrogen

• Compressed hydrogen storage

• Materials-based storage



Best material to store 

hydrogen energy is gas 

cylinders at pressures of 350, 

700 or 900 bars. Hydrogen 

storage tank materials are 

steel, aluminum, carbon 

fiber, epoxy resins or tough 

polyethylene.

Comparison of hydrogen storage with 

other energy storage sources



• High energy density

• Scalability

• Long-term storage

• Environmentally friendly

DisadvantagesAdvantages

• Low Efficiency

• High capital costs

• Infrastructure

• Safety concerns

• Energy density by volume



Energy densities of important energy vectors 



•  Storage of hydrogen as compressed 

gas (350–700 bar)

• Storage of hydrogen in Cold/Cryo 

compressed form

• Storage of hydrogen in its liquid 

phase (−253°C/-423°F)

• Storage of hydrogen in a solid form



ELECTRICAL STORAGE SYSTEM
BASED ON HYDROGEN
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ELECTROLYZER, HYDROGEN STORAGE,
AND THE FUEL CELL

• An air compressor is represented (K).

• CO2s, CO2r are the conditioning blocks 

represented for the case of using stored 

oxygen

• The conditioning devices for the 

storage process (CH2s, CO2s) are 

generally compressors or liquefiers, 

while the recovery conditioning devices 

(CH2r, CO2r) are simple relieve valves.

• In the case of solid storage of hydrogen 

in the form of metal hydrides, the 

conditioning processes are more 

complex.



FUEL CELL SYSTEM
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• During times of surplus renewable energy production, 
such as windy or sunny periods, the excess electricity can 
be used to power electrolyzers and produce hydrogen. 
This renewable hydrogen can be stored in large quantities, 
providing a valuable energy storage medium. 

• One of the notable advantages of hydrogen is its potential 
for long-term or seasonal energy storage. Unlike batteries, 
which have limited storage capacity and discharge 
durations, hydrogen can be stored for extended periods 
without significant energy losses. 

ENERGY AND SEASONAL STORAGE

HYDROGEN FUTURE : 

HYDROGEN POTENTIAL IN ENERGY STORAGE AND GRID BALANCING

The integration of intermittent renewable energy sources, 
such as wind and solar, into the grid presents challenges in 
maintaining grid stability and balancing supply and demand. 
Hydrogen can serve as a flexible energy carrier to support 
grid balancing efforts. Excess renewable energy can be used 
to produce hydrogen, which can then be stored and injected 
into the grid during peak demand periods or when renewable 
energy generation is low. 

GRID BALANCING AND 
RENEWABLE INTEGRATION
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PROSPECTSFUTURE 12
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PROSPECTSFUTURE 1
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PROJECTS
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• European Clean Hydrogen Alliance

• H2@Scale (United States): H2@Scale is a 

U.S. Department of Energy initiative

• Hydrogen Energy Supply Chain (Japan): 

• HyDeal Ambition

• Gigastack (United Kingdom)

• NortH2 (Netherlands): NortH2 is a consortium 

of companies, including Shell, Gasunie, and 

Groningen Seaports,

PROJECTS AND INITIATIVES
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CONCLUSION
Electrolysis-based hydrogen production and storage, including seasonal energy storage capabilities, could 

improve the operation of the electric grid while integrating a variety of disparate systems, including the 

transportation, agricultural, industrial, and residential sectors.
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QUESTIONS
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