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Design and develop three novel magnetic AlNiCo

and High Entropy Alloy (HEA) compositions

suitable for Additive Manufacturing (AM).

Develop a multiscale methodology to select

compositions and microstructure with optimized

fraction.

Establish and optimise Powder Bed Fusion -

Laser Beam (PBF-LB) process parameters and

build strategies to process REE-free PMs with

controlled grain alignment and orientation due

to imposed high thermal gradients.

Pilot scale production of new AlNiCo and HEA

magnets.

Ensure environmental sustainability by

performing a thorough life cycle assessment.

Ensure economical sustainability by performing

Technoeconomic Analysis for manufacturability

and production value-chain sustainability.

More Information:
MagNEO Project

magneoproject.eu
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The main impact that MagNEO project aspires to

achieve is to replace Rare Earth Elements (REE) for

Permanent Magnet (PM) production with REE-free

AlNiCo (Aluminium, Nickel, Cobalt) alloys which are

most promising due to their higher coercivity at

elevated temperatures and develop new recycling

strategies. In addition, that is going to reduce

Europe’s dependence on unstable markets and it

will be an extra push for the attainment of green

transition.  



MagNEO methodology is built upon six inter-
connected main pillars.

Replicate this exceptional performance for AlNiCo-

5 through AM at both laboratory and industrial

scales.

High-throughput experimental screening will be

performed via arc melting.

Process modelling activities of advanced powder

atomization, AM-induced microstructural and

process modelling, as well as design via topology

and Multiphysics optimization.

Lab Scale AM, processing conditions for PBF-LB

and post heat AM treatment.

Industrial scale AM and post processing will be

scaled up to 150 kg to produce demonstrator

magnets ≤1Kg in weight and ≤350 cm3 in volume

each, by large scale AM via PBF-LB.

Life Cycle Assessment / Technoeconomic Analysis

/ Socio-Technological Analysis and strategies for

recycling. 
Value Proposition

Challenge

Methodology

Transitioning to sustainable energy and mobility

is vital for a carbon-neutral Europe, as highlighted

in key plans like the European Green Deal and Fit

for 55 targets. By 2040, demand for REEs,

especially for PM production, will surge. For

instance, PM usage in wind turbines will triple,

notably Nd and Pr. Additionally, over 90% of

electric vehicles today employ REE-heavy PM

synchronous motors. However, China dominates

REE extraction and refining, with downstream

production, including 98% of PM, concentrated

there. This reliance on non-EU sources threatens

the EU economy and green transition-related

employment. EU PM end-users seek to reduce

dependency on REE-based PM through system

redesign.

C O N C E P T

Impact
The replacement of REE for permanent magnet
production with REE-free AlNiCo alloys will help to
develop high-quality knowledge (methods, tools.
data) to create material innovations towards
sustainable and resilient magnets/components
something which, in turn, will be an extra push for
green transition in Europe, specifically for clean-
energy and sustainable-mobility applications.
Furthermore, that will contribute to the reduction
of Europe’s dependence on unstable markets and
leverage competitiveness, leadership, and enabling
business opportunities across the PMs circular
value chain.  
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Fast and reliable alloys design based on multi-scale
composition, machine learning (ML), High-through
synthesis & advanced characterization. 
New REE-free AlNiCo & HEA alloys for high-
performance and circular PMs. 
Demonstration in strategic sectors (Clean energy &
transport) .
Cost-efficient PM production based on additive
manufacturing AM-PBF-LB.
End of Life (direct and indirect recycling) enabling
EU own value chains. 
Training material for up/re- skilled workforce. 

*DFT: Density Functional Theory, ML: Machine Learning


