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Challenges in rare earth magnets: 
Vulnerable supply of critical metals
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Source: European Commission,2018.



Challenges in rare earth magnets:
Environmental concern about rare earth mining and manufacturing
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Life cycle assessment (LCA) methodology 
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• “Compilation and evaluation of the inputs, outputs and the
potential environmental impacts of a product system
throughout its life cycle”

• Necessary steps:
• Goal and scope definition

• Life cycle inventory

• Impact assessment

• Interpretation



• Research question: 

What is the environmental impacts of producing 1kg primary 
NdFeB magnets 

compared to

1kg of equivalent secondary Nd magnets from different 
VALOMAG recycling routes? 

Goal and scope definition
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Life cycle inventory
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LCA software
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Baseline LCA – Processes of virgin Rare Earth Oxides production
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Baseline LCA – Processes from virgin REO to RE magnets
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LCA results in Sankey diagram
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LCA results of primary magnets: process contributions to climate change
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Recycling routes in VALOMAG
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LCA results of VALOMAG sintered magnet route: process contributions to 
climate change

14
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electricity, high voltage diesel, burned in diesel-electric generating set, 10MW
heavy fuel oil, burned in refinery furnace heat, district or industrial, other than natural gas
liquid neodymium, primary, baseline heat, district or industrial, natural gas
NdO from solvent extraction, baseline transport, freight train
diesel Rest



LCA results of VALOMAG sintered magnet route: process contributions to 
human toxicity
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61% REO RE2(SO4)3, at acid roasting, primary, baseline sulfidic tailings, generic
spoil from hard coal mining NdO from solvent extraction, baseline
spoil from lignite mining sulfidic tailings, from copper mine operation
copper hydrochloric acid, without water, in 30% solution state
hard coal ash Rest



LCA results of VALOMAG bonded magnet route: process contributions to 
climate change
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electricity, high voltage transport, freight train
electricity, medium voltage nylon 6-6
heat, district or industrial, other than natural gas pig iron
clinker sweet gas, burned in gas turbine
diesel, burned in diesel-electric generating set, 10MW Rest



LCA results of VALOMAG bonded magnet route: process contributions to 
human toxicity
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
spoil from lignite mining spoil from hard coal mining
uranium tailing, non-radioactive emission sulfidic tailings, from copper mine operation
copper lignite ash
wood ash mixture, pure hard coal
uranium, in yellowcake Rest



LCA results of VALOMAG hydrometallurgical route: process contributions to 
climate change
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
electricity, high voltage heat, district or industrial, natural gas
heat, district or industrial, other than natural gas electricity, medium voltage
transport, freight train acetic acid, without water, in 98% solution state
sweet gas, burned in gas turbine heavy fuel oil
liquefied petroleum gas Rest



LCA results of VALOMAG hydrometallurgical route: process contributions to 
human toxicity
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Relative impacts of VALOMAG sintered magnet recycling technology
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Environmental impacts of VALOMAG bonded recycling route in VALOMAG 
locations vs European average



• Recycling helps to
• strengthen the RE supply chain 

resilience. 
• lower the potential environmental 

impacts of primary RE magnet 
production.

• RE products call for more attention to 
“design for recycling”.

• Further technology upscaling can expect 
even better environmental performance.

Future recycling of rare earth magnets
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