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Recycling 

Problems to face in Europe 
 

• The general shortage of metal primary resources. 

• The specific scarcity of strategic/rare (critical) metals (such as PGM’s, In, Ge, 

rare-earths), absolutely necessary to existing and emerging technologies (e.g. 

electronics, energy). 

• Restrictions on landfilling and the need to recover valuable species from waste. 

 

Secondary sources of materials 
 

• Historical dumps and tailings (“landfill mining”) 

• Mining, metallurgical and other industrial residues; metal-rich sludge/fines from 

distinct processes: red mud, Al-anodising, surface coating/finishing (Ni/Cr 

plating), foundry sand, … 

• End-of-life (metal-containing) products (e.g. vehicles, electronics, batteries): 

“urban mining”  

• Inorganic non-metallic wastes: 

• MSWI and biomass combustion ashes (thermoelectric power stations and 

co-generation on paper-pulp industries); 

• CDW, etc … 



Recycling 

Fonte: Journal of Cleaner Production 51 (2013) 1-22 



Recycling 

European priorities 
 

• Recycling of raw materials from products, buildings and infrastructure 

- new innovative separation, sorting, recycling and/or reuse processes are 

needed to treat complex products and buildings: 

 

(1) End-of-life products: (a) pre-processing technologies for complex 

products …; (b) metallurgical recovery with focus on technology/critical 

metals. 

 

(2) Packaging: innovative technological solutions for recovery of materials 

from complex streams. 

 

(3) Construction and demolition (C&D) waste: (i) the feasibility of 

increasing the recovery rate of components (metals, aggregates, concrete, 

bricks, plasterboard, glass and wood), and (ii) the economic and 

environmental advantages associated with C&D waste treatment, 

attempting to reach the 2020 recycling target of 70% for C&D waste, as 

set in the Waste Framework Directive. 



Recycling 

Challenges 
 

• Insufficient information about composition/metals distribution (mainly rare 

metals) in mining and other industrial wastes. 

 

• Complex combination of different materials and metals: 

› Development of new and more efficient pre-processing technologies (e.g. 

advanced sorting) for complex EOL-products; 

 

› Development of new metallurgical processes, highly efficient 

(materials/energy) and highly selective; 

 

› Development of eco-design of products/processes to improve dismantling 

and recycling. 

 

• Absence of relevant actors (e.g. pyrometallurgical or hydrometallurgical 

industries), needed to close the loop (producers + waste managers +  users) + 

academia/R&D.  

 

• Need to create multidisciplinary teams (Materials Sci., Environment, 

Management, Design, …) to fully cover all relevant aspects of the entire value chain 

(e.g. LCA, economics). 



Recycling 

Goal 
 

 

 

• WASTE to RESOURCE/ENERGY 
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Substitution 

Objective 
 

- Substitutes for 3 applications (minimum) where critical/scarce elements 

(CRMs) are used/crucial. 

 

Several strategies are possible: 

  (1) Reduction – less amount while keeping the functionality; 

 (2) Alternative material; 

 (3) Alternative system – substitution of one/several components in the same 

product; 

 (4) Alternative product – substitution of actual technology by novel product 

or service. 
 

The choices and possible combinations must account with distinct 

alternatives: (i) increasing  CRM production;  (ii) recycling of such 

element(s); (iii) substitution/reduction of its use. 

Whenever possible we should use renewable resources (e.g. bio-based). 



Substitution 

Critical/target applications 
 

 

• Materials for green energy technologies (heavy REE in magnets; 

CRM in batteries/catalysts/photovoltaic materials); 

 

 

• Materials for electronic devices (indium in transparent conductive 

layers; CRM in light sources); 

 

 

• Materials under extreme conditions (CRM in heat resistant super 

alloys/hard materials: Re, W in superalloys); 

 

 

• Applications using materials in large quantities (CRM in super alloys 

and steels alloyed with scarce elements, TiO2, natural rubber in tires). 



Substitution 

Challenges 
 

• Substitution of rare earth elements in 

permanent magnets and their applications: 

 

› permanent magnets based on ferrite and 

Mn/Al alloys and neodymium-iron-boron; 

 

 

• Substitution of rare earth elements in energy efficient lighting systems: 

› use of transition metal ions such as Mn2+, or reducing the phosphor rare 

earth element content; 

 

• Substitution of indium in transparent conductive layers: 

› search for alternatives to ITO (e.g. ZnO); 

 

• Substitution of W-Co in hard/cutting tools (Si3N4; SiC …) 



Substitution 


