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Comparison of hydrogen costs by 3 carriers
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The calculation assumes Japan imports 100 tons/day of 
hydrogen from Australia in 2030.
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Conventional hydrogen liquefaction by vapor compression

Claude cycle

Vapor compression system 
requires a lot of energy.

→ Typical efficiency is about 25%    
(5 ton/day)
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Principle of Magnetic Refrigeration

STotal = SSpin + SLattice

Magneto-caloric effect (MCE)
•Based on magnetic entropy change by applying magnetic field

Advantages of Magnetic Cooling
• Reversible cooling cycle : Magnetic Carnot cycle satisfied theoretical efficiency
• Environmental safety : no use of Freon or any other refrigerants to produce CO2
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Magnetic refrigerant
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Many candidate materials have been studied
Garnets, Intermetallic compounds (2nd order), First order materials
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AMR cycle in real system
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JST Mirai Project – Hydrogen liquefaction by AMR -

The Basic Hydrogen Strategy targets hydrogen consumption of 3M tons and 
cost of 30 yen/Nm3 by 2030.

液体⽔素のサプライチェーン

Highly efficient liquefaction
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Picture and schematic of AMR for hydrogen liquefaction
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Liquid hydrogen vessel and liquid level sensors
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AMR hydrogen liquefaction experimental result
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Koji Kamiya et al 2022 Appl. Phys. Express 15 053001
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Hydrogen liquefaction experiment video
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Future plan - Scaling-up of AMR

Large-scale  
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STEP３
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Large-scale AMR

The large-scale AMR has been assembled and has begun trial operations.

Newly developed 
cryogenic pump

Larger 
Superconducting 
magnet

Larger 
AMR 
vessel
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Summary

1) NIMS has developed an AMR for hydrogen liquefaction and 
successfully liquefied hydrogen.

2) The large AMR has been assembled and has begun trial operations.
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