
Willkommen 

Welcome 

Bienvenue 

Challenge of Impact assessment for  

by-product and co-product metal 

 

EMPA, Switzerland 

April 11, 2014 

LCA DF55 

Xiaoyue Du, Roland Hischier, Patrick Wäger 

 



Modul 1: System analysis 

Quantification and screening of critical metals in WEEE 

Modul 2: Case studies 

Recycling  

Collection and losgitics 

Economic and ecological aspects 

Modul 3: Recycling system of critical metals 

Recycling system 

Preparation and improvement 

E-RECMET project 
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In, Nd 

CRITICALITY RELEVANCE POTENTIAL PRIORIZATION

Critical according to 

Erdmann and Graedel 

(2011)

Relevance in electroniscs 

(> 33% total use)

Concentration on some 

components
TARGET METALS

or and and

From conflict minerals 

according to SEC (2011)

no recovery in Switzerland 

up to now

High concentration in 

target component (> than 

in ore)

Big environmental impacts 

from primary production

and and

Major occurrence in 

applications relevant for 

SWICO

Good seaparability of 

component at 1st 

treatment

Common occurence with 

other critical metals

and

Expected high future 

demand
Development of stocks 

Existing recovery processes 

(pilot scale)

E-RECMET project 
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E-RECMET project 



E-RECMET project 
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Sample preparation Chemical analysis Sample 



Neodymium and Indium Primary and Seondary 

Production 

 

 Improve Life Cycle Inventory 

 Develop Life Cycle Assessment 

 Compare the impact 

E-RECMET project 



Nd Primary and Secondary Production 

 Nd Primary Production 

 Ore deposit, Rare earth concentrate, Rare earth oxide, Nd oxide (Nd 

metal) 

 Bastnasite vs. Monazite 

 Nd Seondary Production 

 Mainly focus on magnets 

 Manual dismantling vs. Mechanic shredding 

 Process 1: Nd Magnet to Nd magnet 

 Process 2: Magnet to Nd oxide/Nd 

 



Neodymium primary production from bastinasite 

Rare earth concentrate from ore deposit 

Mining – open pit, blasting 

Comminution (crushing, 

grinding, classification) 

Flotation 

Ore deposit, 6% REO  (19.44 kg) 

 60% yield rate 

Crude mined ore 

Ground ore 

Rare earth concentrate – 60% REO 

Tailings to impoundment 

Detailed Flowsheet for the 

process of “Rare Earth 

Concentrate, 70% REO, 

from Bastnasite at 

Beneficiation, CN” 

Mild leach – calcite 

removal 

Rare earth concentrate – 70% REO – 1 kg 

10% 

HCl 

CaCl2, CO2 

Mining – excavation, hauling 

Thickening, filtration, 

drying in rotary kiln 

Explosives 

Fuel 

Water, electricity 

Steam, conditioning chemicals, 

electricity 

Electricity, fuel 

Air emissions 

Overburden and 

waste rock 

Waste heat, noise 

Waste water, 

waste heat 

Source: ecoinvent v2.2 

Corrected mistakes 



Comparing 1 kg Rare Earth Concentrate 

Method: ReCiPe Endpoint (H) V1.09 / World ReCiPe H/H / Single score 



Neodymium primary production from bastnasite  

Rare earth oxide from concentrate 

Leaching 

Solvent extraction 

Rare earth calcine Make-up HCl 

or H2SO4 
Leach residue to impoundment 

Rare earth chloride or sulfate solution 

Stripping 

Organic acid in 

kerosene 

Organic solution of 

rare earths 

Recycled acidic 

raffinate 

Aqueous acid 

Precipitation 

Calcining 

Rare earth oxalate 

Rare earth oxide (1 kg) 

CO2 

Oxalic acid 

Detailed Flowsheet for the 

multi-output process of 

“Rare Earth Oxide production 

from Bastnasite” 

Source: ecoinvent v2.2 

Calcining (roasting) at 

500oC 
Water, fluoride, CO2 

waste heat 
Conc. H2SO4, 

heat 

Rare earth concentrate – 70% REO (1.59 kg) 

                                    90% yield rate  

Lanthanum oxide, at plant/kg/CN (1 kg) 

cerium concentrate, 60% cerium oxide, at plant/kg/CN (1 kg) 

Neodymium oxide (1 kg) 

Praseodymium oxide, at plant/kg/CN (1 kg) 

Samarium europium gadolinium concentrate, 94% rare earth oxide, at plant/kg/CN (1 kg) 

 

 



Comparing 1kg Rare Earth Oxides 

 



Comparing 1 kg rare earth oxide from 

monazite  

 

 



Comparing 1kg Nd Oxide 

 



Summary 

 Nd Primary production 

 Nd oxide> REO> RE concentrate  

 REO from monazite > REO from bastinasite 

 RE concentrate from bastinasite > REO concentrate from monazite 

 Impact is slightly lower in v3 than v2.2 

 

 



Indium Primary and Secondary Production 

 In Primary Production 

 Zinc lead deposit, leaching residue, indium, indium stockpiling (ITO 

powder) 

  

 In Secondary Production 

 Mainly focus on LCD 

 Compare different mechanical processing 

 



Indium as by-product from Zinc-lead-deposit 

Source: ecoinvent v2.2 



 



Summary 

 In Primary Production 

 In > > In leaching residue 

 Impact is much lower in v3 than v2.2 

 Correction: the process “smelting, primary zinc production” GLO in v2.2 

had  0.0033778kg of cadmium sludge, from zinc electrolysis and 

0.33939kg of leaching residues, indium rich and in v3 it was corrected 

to  0.014kg and 1.235kg respectively. Similar changes were made also 

in other datasets in this supply chain. 

 

 

 

 



Discussion 

 Better allocation for by-product or co-product in primary 

production 

 

 Comparing the primary and secondary production 

 Nd as co-product in ore vs. Nd as main product in magnet 

 In as by-product in ore vs. In as co-product in LCD 

 

 Comparing different metals in secondary production 

 Allocation in secondary production 

 e.g. In in the screen vs. Cu in PCB in computer 

 

 



Thank you! 

Xiaoyue.du@empa.ch 


