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Types of Energy Storage



http://css.umich.edu. https://www.lbl.gov/
 

1. Hydrogen production
2. Utilisation
3. Distribution
4. Storage

Hydrogen Economy

http://css.umich.edu/


HSRG – Projects and Funding Partners

• Green Hydrogen for Road Transport

• Hydrogen Export

• Hydrogen Sensing

• Hydrogen Pipelines

• Thermochemical Energy Storage

• Solid-state Batteries

• Methane Pyrolysis
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Potential Hydrogen Production and Export in 
Australia

https://cepconsult.com/publications/the-development-of-hydrogen-energy/

Global hydrogen demand from Australia: 

2 - 9 million tonnes by 2030 
20 - 230 million tonnes by 2050



Hydrogen Export 7

Ibrahim, A., Paskevicius, M., Buckley, C.E. (2023) Sustainable Energy & Fuels, 7, 1196-1203.



Hydrogen Export using a Powder 8

Three key challenges:
1) Synthesis of NaBH4
2) Extraction of NaBH4 from solvent and starting materials
3) Evolution of H2 



Sodium Borohydride (NaBH4)  Powder 9

• No heat or energy input upon arrival at export destination

• Controlled hydrogen release in water to generate 21.4 wt% hydrogen for each unit of shipped NaBH4

Hydrolysis:  NaBH4 + 4H2O NaB(OH)4 + 4H2

50% 50%

115 kg H2/m3 NaBH4

137 kg H2/m3 NaBH4

Transport

Actual output

Half the hydrogen comes from water at destination!

• Gravimetric hydrogen storage capacity 10.7 wt%
• Easy and safe to transport on regular ships

Currently limited by cost of NaBH4 regeneration
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Competing processes
Hydrogen Evolution from:

- Water Splitting

- NaBH4 hydrolysis

Anode (oxidation): 2 H2O(l) → O2(g) + 4 H+(aq) + 4e−  Eo = +1.23 V 
Cathode (reduction): 2 H+(aq) + 2e− → H2(g)   Eo = 0.00 V

NaBH4 + 2H2O →  NaBO2 + 4H2

The current literature on electrochemical NaBH4 regeneration is 
mixed

• Several patents
• Some reports of current efficiencies up to 80 % of theoretical 

limit

Electrochemical Regeneration

No metallic reducing agents required 

100% green energy can be used 

No hydrogen electrolyser required!

Unable to reproduce previous results



Hydrogen Release from Sodium 
Borohydride 11

NaBH4 + 4H2O →  NaB(OH)4 + 4H2

Yamamoto, J., Sodium Borohydride Digest. 2003 

Catalysis is well established with rapid hydrogen release

We generate H2 pressure above 1000 bar

Ibrahim, A., Paskevicius, M., Buckley, C.E. (2023) Sustainable Energy & Fuels, 7, 1196-1203.



The Future of Hydrogen Storage

• Hydrogen storage is necessary 

• No real winner – need various types in 
tandem

Hydrogen will move forward as an energy 
carrier to be used as a fuel or exported. 

Some challenges to improve:
• Technology cost
• Efficiency / performance
• Recycling
• Public perception

Many applications underway 



Thanks for Listening
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