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Introduction
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Trends & Challenges



Energy Transition           
Urbanization & 

Household 
Electrification

 Cleaner energies to play a 
predominant role in an unavoidable 
economic model based on 
sustainability

 Billions of people are now thriving 
in developing economies, helping to 
drive economic growth and 
consumption

Major Current Global Trends
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Electric Vehicle

 Electrification, including but not 
limited to EVs, is absolutely 
necessary for the global zero carbon 
transition over this century



Copper role in World´s Unprecedented Urban Growth

An average single-family home (50 m²) uses 1kg of copper per m²

400 million
New Housholds

+
Renovation of existing ones

 1.6 billion additional urban residents 30 Mt

Additional Copper
Usage through 2040

Building wire

23 kg

Heating, AC and Plumbing

18 kg

Build-in applications

5 kg

Plumbers´ brass goods

3 kg

Builders Hardware

1  kg

Other wire and tube

1  kg

x

Source: World Semis End Use Data – International Copper Alliance



EV Outlook Supports Long-term Copper Demand

 World HEV+PHEV+BEV stock grow from ~4 million to
~500 million

 Average copper per HEV (40kg), PHEV (60kg) and 
BEV (80kg)

42 Mt

Additional Copper
Usage through 2040

23kg ICE 83kg Battery EV40kg Hybrid EV 60kg Plug-in HEV 89kg Hybrid E-Bus 224-369kg Batt. E-Bus

Source: The Electric Vehicle Market Copper Demand, June 2017



Copper in the Sustainable Power Generation

Green power generation technology is more copper intensive than conventional sources

 Additional power renewable generation capacity of
5,000 GW (Substitution + New Capacity) by 2040

 Associated grid development needed both due to
new capacity and substitution

49 Mt

Additional Copper
Usage through 2040

Source: World Energy Outlook 2020

x2 x4 x2



Three Key Drivers to Transform the Copper Market

121 Mt

Additional Copper
Usage through 2040

30 Mt
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Three Key Drivers to Transform the Copper Market

121 Mt

Additional Copper
Usage through 2040

30 Mt

42 Mt

49 Mt

Houshold & 
Urbanization

Electric Vehicle

Power Generation
Transition

Yearly production refined copper 2022: 26 Mt
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Will Copper Supply catch up with Demand?

 Copper mine production in 2023 / 2024 forecasted to
increase by 3% / 2.5% whilst consumption will by 1.4% / 2.8%

- Concentrate balance to be in deficit again in 2023

 Risk of mine supply disruption remains high:

- Social and political risks in major products: electronics, 
labor negotiations, natialisations…

Source: Copper Concentrate Outlook Q22021



Will Copper Supply catch up with Demand?

 Copper mine production in 2023 / 2024 forecasted to
increase by 3% / 2.5% whilst consumption will by 1.4% / 2.8%

- Concentrate balance to be in deficit again in 2023

 Risk of mine supply disruption remains high:

- Social and political risks in major products: electronics, 
labor negotiations, natialisations…

 Supply and demand gap to grow beyond 2026

- More mining projects and secondary copper needed to
meet copper growing demand

Source: Copper Concentrate Outlook Q22021
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Forecast

ICSG Press Release 28 April 2023



Hydrogen will 
play an important 

role 

Mine Production 
Increase behind 

Demand Increase

 Green hydrogen will partly replace 
natural gas

 Recycling will play a more important 
role in future

Major Current Global Challenges
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CO2 Regulations 
world wide

 CO2 certificates will be in place 



Circular Economy: A Key Contributor to Sustainable Development

Copper 44% 30% 65%

Aluminium 57% 35% 92%

Steel 56% 35% 58%

Metal Recycling Rates and CO2 Reduction
• Secondary raw materials are vital to

satisfy world´s demand of metals
Copper scrap accounts for ~30% of total copper
consumption

• Recycling is a key part of a de-
carbonized world

It requieres less energy in the process, 
reduces carbon footprint and contributes to
the responsible use of a primary resources
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Copper Recycling – high grade material

Raw Material Mix
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Umicor, Belgium

Recycling – state of the art

New Boliden, Rönnskar, Sweden
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Recycling – state of the art

Aurubis Lünen, Germany

Aurubis Richmond, USA



E-Waste Recycling – low grade material

 WEEE = Waste of Electrical and Electronic Equipment

 Quantities:

 Mechanical treatment: shredding and classification

 Three qualities of WEEE concentrate: low-grade, mid-grade, high-grade

 Usable non-ferrous fraction 25% of the total WEEE  
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WEEE Year Generated Collected Coll. rate

Europe 2019 12.0 Mt 5.1 Mt 42.5%

Asia 2019 25.0 Mt

Global 2019 53.6 Mt 9.3 Mt 17.4%

Global 2030 74.7 Mt 18.7 Mt ? 25% ?



What is e-waste?
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Upper row: notebooks, hard drives, chips, CRT monitors, small IT, mixed small equipment
Lower row: power adapter, fridges, lamps, cables, washing machines, PCBs

From old appliances to secondary raw materials

Copyright of the pictures limited to their respective owners!



The King’s Class of Recycling
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Advanced E-Waste Recycling
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E-waste (shredder) fractions
PCBs and e-waste 

components

Shredder light 
fractions and 

dusts

Automotive 
shredder 
fractions

Insulated wire

Metallic scrap
Alloy scrap 

(brasses/bronzes)
Cable scrap

Slags, drosses, 
and skimmings

PM containing 
materials

Waste incineration 
fractions



Mechanical pre-treatment
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Shredder fraction:
Cu coarse (approx. 70% Cu)

From old appliances to secondary raw materials

Shredder fraction: 
Cu fine (approx. 65% Cu)



Mechanical pre-treatment
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Shredder fraction: 
Cu wet (approx. 15% Cu)

From old appliances to secondary raw materials

Shredder fraction: 
shredder fines/ light shredder fraction/ fluff
(approx. 10% Cu)



Mechanical pre-treatment
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Shredder fraction: 
PCBs shredded (approx. 9% Cu)

From old appliances to secondary raw materials

Shredder fraction: 
Pellets 40 mm (approx. 1.3% Cu)
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Challenge

These usable non-ferrous fractions sum up to approximately 25% of the total WEEE mass and form the so

called WEEE concentrate, consisting of the most valuable metals such as copper, nickel, lead, tin, zinc, and

precious metals. The arising mid- to high-grade shredder fractions are often co-processed in conventional

copper smelters, as their organic content (mostly plastics) is less than one third of the total amount. An even

higher organic content would require a far greater amount of cooling scrap – or would result in a potentially

fatal overheating of the furnace. Another limit is the available off-gas treatment system specifically designed

for a copper smelter – and not for smelting raw materials containing large amounts of hazardous substances

such as chlorine, bromine, or dioxins/furans. The low- to mid-grade shredder fractions often fall under these

limitations and cannot or only minimally be processed. Furthermore, due to changing consumer behaviour,

which calls for cheaper appliances, and generally shorter product life cycles, the concentration of valuable

metals in appliances will decrease despite the significant increase in electrical and electronic equipment (EEE) .

Highly efficient and more complex mechanical pre-treatment and optimized metallurgical processes are

necessary in order to be able to process the shedder fractions and continue to achieve the same yields to which

the industry is accustomed due to higher valuable metal contents in older devices.
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Advanced E-Waste Recycling

Offgas system 



Process flow scenarios

Process flow diagram full recycling plant

• Starting with the raw material, the metal phase is then always transferred 
to the following refining unit
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HENRI TBRC Tankhouse & precious metals plantAnode Furnace

Smelting and pyrometallurgical refining
Copper and nickel 
electrometallurgy

Precious metals 
extraction

gold, silver, 
platinum, palladiumcopper, nickel productheavy metals concentrate



CO2 Emission



Globally around 50 billions tons of CO2 equivalent

Metal industry: 3.9 billion   =  7.9%

Steel industry 7.2%
Non-ferrous industry 0.7% 



Globally around 50 billions tons of CO2 equivalent

Metal industry: 3.9 billion   =  7.9%

Steel industry 7.2%
Non-ferrous industry 0.7% 

Product t CO2/t product Production per year

Copper (pyrometallurgical) 3.25 20 Mio t/year

Copper (hydrometallurgical) 6.15 5 Mio t/year

Iron (blast furnace + basic oxygen furnace) 2.19 1 790 Mio t/year

Cement 5.6 4 200 Mio t/year



Driving Forces I

The European Green Deal is a set of policy initiatives by the European Commission with the overarching aim of
making Europe climate neutral in 2050. An impact assessed plan will also be presented to increase the EU's
greenhouse gas emission reductions target for 2030 to at least 50% and towards 55% compared with 1990
levels.

European Green Deal

 CO2 Emissions Trading
 Carbon Border Adjustment
 Energy Taxation Directive

https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/Climate_change_in_the_European_Union#Greenhouse_gases_emissions
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Driving Forces II

Pressure from the Market

Wieland: “We want to anchor sustainability even more deeply 
as an integral part of our business and company strategy.”

Apple: “We look for 100% recycled materials.”

We simply have to be competitive

CO2 footprint has to be equal or better



38

Driving Forces II

Pressure from the Market

Wieland: “We want to anchor sustainability even more deeply 
as an integral part of our business and company strategy.”

Apple: “We look for 100% recycled materials.”

We simply have to be competitive

CO2 footprint has to be equal or better
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What to do?
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CO2 Reduction

 Prozess Optimisation to increase Productivity

 Heat Recovery

 Hydrogen 

 Auxiliary materials

 Raw material mix (secondary material)
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CO2 Reduction

 Prozess Optimisation to increase Productivity

 Heat Recovery

 Hydrogen 

 Auxiliary materials

 Raw material mix (secondary material)
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Hydrogen 
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Hydrogen Production

Quelle: 
Shell Wasserstoff Studie 2017

95% comes from fossil fuels



PROJEKT „FUTURE RECYCLING PLANT“

RAW MATERIAL | CO2 FREE | MULTI ELEMENT
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Cu

Au

Ag

Ni

Pd

Mobile Phones, TV,  …

Smart home & Internet of Things

E-Sports & Gaming Sports equipment

Slags and Residues

Windsysteme

Photovoltaic cells

End of Life V.

(Li-)Batterien

E - Vehicles

Urban Mobility

Waste incineration ASHES

Heatpumps

Coins

Jewellery

Katalysatoren

Pt

Co Li

Sb

Sn

REE

Re

Bi

Zn

Ge

Ga
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Dr. Andreas Filzwieser
Managing Director
MettopGmbH
Peter-Tunner-Str. 4
8700 Leoben
Austria
M +43 (0) 664 88 60 45 40
andreas.filzwieser@mettop.com

Thank You!

mailto:andreas.filzwieser@polymet-solutions.com


PROCESS DESIGN / PROCESS ENGINEERING

SMELTING & REFINING OF COPPER SCRAP

Sankey diagrams

M&E balance

Plant layout

Process design
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TECHNICAL ASPECTS 

CONSULTING SERVICES

Process flow diagrams

Sankey diagrams

Cost-benefit analysis
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Innovations
HENRI

 Optimized smelter
 Highest plastic rate in raw material
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Advanced E-Waste Recycling

Semi-industrial scale pilot tests
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a

b c

d e f



METALLURGICAL RECYCLING

BASIC PLANT CONFIGURATION
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Pyrometallurgy
Hydro- & 

Electrometallurgy
Precious & Special

metals plant

Shredding &
Sorting

Delivery and Storage

Products

Construction material Copper & Nickel Precious & Special metals
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Recycling



From secondary raw materials to pure metals

Smelting WEEE in short

• Charging of the shredder fractions into a 1,250°C hot metallurgical 
furnace

• Combustion of organic material und melting of metallic material

• Target: smelting and accumulating all metals in a mixed copper alloy

• Subsequent refining stages up to technical pure copper (and precious 
metals if desired)

• While smelting:
• forming of a metallic (Me) and an oxidic phase (MeO)

• metal phase below and slag phase above (reason: density)
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Slag Reduction Step

• Metal droplets get into the slag during smelting

• Target: recovery of valuable metals from the slag

• Reduction with process gases:
• Gas purging through bottom of furnace, H2

• Burner/lances from above into the furnace, H2

• Also: “waiting” and giving the metal droplets time to move down into the 
metal phase due to gravity/density

• Casting of slag into pointed buckets  accumulation in tip of bucket, after 
solidification easy to be knocked of with a hammer
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From secondary raw materials to pure metals



Pyro-Metallurgical Refining

• Target: removal of impurities from the copper alloy

• Phase 1: multi-staged oxidizing with
air blown into the melt, so called
“slagging” of impurities
(less noble elements oxidize earlier
due to higher oxygen affinity)

• Phase 2: decreasing the oxygen content
in the melt with reduction gases
(H2) from approx. 0.8-1.0% O2

down to less than 0.1% O2

• Phase 3: melt tapping + anode casting
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From secondary raw materials to pure metals

Converter for oxidation (TBRC)



Pyro-Metallurgical Refining
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From secondary raw materials to pure metals

Anode furnace for pyrometallurgical refining Casting of copper anodes

Copyright of the pictures limited to their respective owners!



Electro-Metallurgical Refining

• Target: from anode copper 99.0% to cathode copper 99.99%, separation 
of all elements except copper

• Part 1: dissolving of anodes and depositing of copper
• non-copper elements dissolve in electrolyte (less noble elements) or fall down 

as slime (nobler elements)

• Part 2: removal of anode slime by pumping out
• anode slime (AS) is basis for precious metals,

consisting mainly of Cu, Pb, Sn, (Se, Te , Sb, As), precious metals
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From secondary raw materials to pure metals



Electro-Metallurgical Refining
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From secondary raw materials to pure metals

Tankhouse with several electrolysis cells Mettop BRX System
(lateral inlet and cathode spacers)



Precious Metals Plant

• Anode slime in cell:
(before pumping out)
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From secondary raw materials to pure metals



Precious Metals Plant

• Target: extracting precious metals from the anode slime

• Part 1: removal of copper (hydro-metallurgical refining)

• Part 2: removal of lead (pyro-metallurgical refining)

• Part 3: separation of Ag / Au / PGMs (electrical & chemical refining)
• PGM = platinum group metals:
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From secondary raw materials to pure metals

44 Ru Ruthenium in ores

45 Rh Rhodium in ores

46 Pd Palladium in WEEE

76 Os Osmium in ores

77 Ir Iridium in ores

78 Pt Platinum in WEEE



Process flow scenarios

Process flow diagram full recycling plant

• Input: all grades of WEEE concentrates, PCB scrap, shredder residues, 
slimes (dry), slags and dusts
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HENRI TBRC Tankhouse & precious metals plantAnode Furnace

Smelting and pyrometallurgical refining
Copper and nickel 
electrometallurgy

Precious metals 
extraction

gold, silver, 
platinum, palladiumcopper, nickel productheavy metals concentrate



Advanced E-Waste Recycling

Economic Considerations

General facts

Economy of scale promotes installation of huge facilities

Big facilities require a corresponding large feedstock catchment area

Decisive cost factor of metallurgical e-waste processing is the feed stock

Benefits of small scale smelters

Focussing on the local feed stock

Limited infrastructure requirements

Focussed operation reduced to the essentials

Manageable & reasonable CAPEX
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Smelter TBRC Casting ER Electrolysis

Black
copper

Anode
copper Anode copper

Raw
material

Storage

SlagSlag Anode
slime PM Plant

Anode scrap
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12 000 – 25 000 tpa raw material ca. 5 000 tpa Anode copper  3 800 t Cu

 14 t Ni

 330 kg Au

 3 150 kg Ag

 120 kg Pd

PROJEKT „FUTURE RECYCLING AUSTRIA“
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Advanced E-Waste Recycling

Design and benefits of the HENRI MiniSmelter
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# Furnace module

1 Fast changeable vessel

2 Supersonic burner and injector

3 H2/N2 bottom gas purging

4 Safe cooling below bath level with ILTEC

5 CFM copper cooling elements

6 Waste heat recovery

Modular design to be customized for your raw material mix


