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Types of Energy Storage
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Hydrogen Economy
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HSRG - Projects and Funding Partners
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Hydrogen Storage Research Group (HSRG)
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Potential Hydrogen Production and Export in
Australia
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Canada: H2 strategy,
blue H2 investment, .
hydro-based green RS . .
H2 investments : EU: Aims to

J install 40GW

of renewable

US: Biden net zero hydrogen
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21 climate plan by 2030
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Global hydrogen demand from Australia:

Long term average of PVOUT, peried 2007-2018
Diily totals 26 3.0 34 EN:] L2 &6 5.0 54

syt SO 4% 2 - 9 million tonnes by 2030
20 - 230 million tonnes by 2050

Russia:
Potential blue
H2 exporter

Japan: First
country to adopt a
comprehensive
hydrogen strategy

South Korea:
Launched hydro-
gen economy
roadmap in 2020

China: Net zero
target for 2060
might lead to
large market for
H2, although H2 is
less explicitly
featured in plans
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Export Destination

Electricity

Conversion
Specialised Ship

71 kg/m? H,
-253 °C
Boil-off losses

Refrigerated Liquid Tanker Ship

107 kg/m3 H,
-33 °C or 10 bar
Toxic
Liquid Tanker Ship

LOHC .

47 kg/m?® H,, Liquid  Recycle By-Product

Conversion

Cargo Ship $4.40/kg H,

NaBH,

137 kg/m?® H,, Powder Recycle By-Product

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

Overseas Market



Hydrogen Export using a Powder

Energy Materials
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v EXPORTS
Australia Export Destination

Regeneratmn <BH, Cargo Ship NaBH, | Conversion Hz

N —{ A, —
&J # S $4.40 USD/kg

\Recycle By-Product/

$0.0685 USD/kWh

Three key challenges:
1) Synthesis of NaoBH,
2) Extraction of NaBH, from solvent and starting materials
3) Evolution of H,
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Sodium Borohydride (NaBH,) Powder

Energy Matarials
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Currently limited by cost of NaBH, regeneration ofp | ENERGY R

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

No heat or energy input upon arrival at export destination
Controlled hydrogen release in water to generate 21.4 wi% hydrogen for each unit of shipped NaBH,

Half the hydrogen comes from water at destination!

Transport
115 kg H,/m3 NaBH
o | : Actual output
Hydrolysis: NaBH, + 4H,0O NaB(OH), + 4H, — 137 kg H,/m3*NaBH,
50% 50%
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ustralian Government

Electrochemical Regeneration =
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Electrochemically synthesise sodium borohydride from sodium borate

Energy Materials

Overall: NaBO, + 2H,0 = NaBH, + 20,1 (Theoretical Voltage: 1.642V) Competing processes » FUTURE /(: ) TRAILBLAZER
# = By ENERGY M RESOURCES TECHNOLOGY & CRITICAL MINERALS
Hyd Evoluti f : . EXPORTS N~
Voltage ydrogen evolution rrom:
u ' - Water Splitting
_ I l Anode (oxidation): 2 H,O(l) — O,(g) + 4 H*(aq) + 4e~ E,=+1.23V
Cathode (reduction): 2 H*(aq) + 2e~ — H,(g) E,=0.00V

- NaBH, hydrolysis

NaBH, + 2H,0 — NaBO, + 4H,
NaBO, + 2H,0 — NaBH, + 20,

The current literature on electrochemical NaBH, regeneration is

Cathode: BO, + 6H,0 + 8¢ > BH, + 80H " Anode: 8OH™ - 4H,0 + 20,1 + 8~ :
Eyj2=-1.24V (vs. SHE) E.;, = 0.402V (vs. SHE) mixed

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

No metallic reducing agents required

o
1007% greenicHEE S INEE IRt Unable to reproduce previous results

No hydrogen electrolyser required! HASRG Curtin University
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Hydrogen Release from Sodium e
Borohydride

Energy Matarials
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Catalysis is well established with rapid hydrogen release
NaBH, + 4H,O0 — NaB(OH), + 4H,

Curtin University

Yamamoto, J., Sodium Borohydride Digest. 2003
Ibrahim, A., Paskevicius, M., Buckley, C.E. (2023) Sustainable Energy & Fuels, 7, 1196-1203.




The Future of Hydrogen Storage

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

Some challenges to improve:
Technology cost

Efficiency / perormcines

Recycling
Public perception

Hydrogen storage is necessary

No real winner — need various types in
tandem €
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