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Reducing the  EU dependence on  critical raw 
materials for solar panel production
Development of technological solutions for reusing silicon, recycling PV modules and designing new products

RESiLEX is a Horizon Europe project aiming to improve the resilience and sustainability of the entire silicon value chain in the EU

Reducing EU 
dependence on silicon 

imports from third 
countries

Developing a new 
carbon-free and more 

efficient process for the 
production of silicon

Recycling end-of-use 
solar PV panels for 
producing Li-ion 

battery cells



My background



• Industrial high-temperature metallurgical processes

o Chemical reactions, Mass and energy transfer, Phase transitions

• Traditional materials: steel, aluminum, ferroalloys/silicon and 
titanium slag. 

• Recycling

• Development of new and improved processes

o New raw materials, products and properties, reduced emissions 
of gases and particles (dust) and energy efficiency

• Advanced materials: silicon in solar energy, batteries, nanomaterials, 
intermetallic materials, rare earths and biomaterials
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Metal production in Norway

Ferroglobe Manganese Rana

Elkem Rana



Industrial silicon production needs re-invention to meet 
sustainability demands!

11-13 MWh/tonne Si

Approx 5 tonne of CO2/tonne Si

• High specific energy consumption
• energy losses in off-gas partly remidied by energy

recovery in some locations
• Significant specific GHG (CO2, NOx) emissions
• Can not use SiO2 fines = raw material losses

+

Industrial state of the art: Submerged arc – 
semi-open furnaces

SiO2+ 2C = Si + 2CO



Initiatives:
1. Net Zero Industry Act
2. European Critical Raw Material Act
3. Reform of electricity market design

Carbon coated crystalline silicon 
nano-powder evaluated as 
composite anodes Li-ion batteries

Eco-designed PV



Silicon – a European SRM and CRM!

Al alloys 40-50%

Other 3%

PV  20%

Silicones 30-40%

Global production of Si, source USGS

• China dominating the world market
• Norway one of the worlds larger suppliers with approx 5% of the

marketshare for MG-Si

• An opportunity for Europe to increase its self- sufficiency!



Different strategies to meet the 
climate goals for the silicon industry

- New reductants (e.g. charcoal, composites, metals, H2)

- Plasma

- Electrolysis

- CCS/CCU



The project has received funding from the European Union’s Horizon 2020 
research and innovation program under Grant Agreement N°869268.

Si – a key alloying element for Al!

From cast alloys to foils…… Around 40% of Si produced used for alloying aluminium



The project has received funding from the European Union’s Horizon 2020 
research and innovation program under Grant Agreement N°869268.

The Al industry also has its challenges

• Global annual Al production approximately 60 
Mton, 20 * the size of Si and currently the 
largest user of Si

• > 600.000 tonnes Al scrap exported from 
Europe annually - but new policies around
the corner

• > 80.000 tonnes of Al dross (>70% Al, rest 
oxide) generated per year in Europe and 
processed via salt treatment with varying Al 
yield and significant environmental footprint

• Industry puts increasing pressure on suppliers 
to fulfill/deliver low carbon footprint 
commitments/products - CO2 free Si!



The project has received funding from the European Union’s Horizon 2020 
research and innovation program under Grant Agreement N°869268.

The SisAl Process – Our solution
Industrial Symbiosis between Si and Al industries!

SiO2+ 4/3Al = Si + Al2O3

Aluminothermic reduction in slag!

• No direct CO2 emissions, no NOx

• Lower energy consumption
• Path to effective use of difficult scrap and dross
• No loss of SiO2 fines

vs



Tow products: Si alloys and CaO-Al2O3 based slag

Refining slag in steel
productoin

Production of HP-Al2O3 to 
LED and battery 
separatores

Production of 
MG-Al2O3 for Al 
electrolysis

+

Additive in 
cement



Resource efficiency 

Si-kerf or PV-waste used 
during refining

Cement

MG Al2O3

(alkaline leaching)

4N HPA
(acidic leaching)



14

Siemens process

Techniques for obtaining SoG-Si from MG-Si

Alternative purification methods

➢ Slag refining

➢ Vacuum refining

➢ Acid leaching

➢ Crystallisation by Directional solidification (DS) 

or Czochralski (CZ) growth method

MG-Si HCl

Preparation of SiHCl3

Distillation of SiHCl3

Reduction of SiHCl3 by H2 

Tail gas

Dry process and separation

H2 HCl SiCl4 SiHCl3

Hydrogenation of SiCl4

SiCl4 SiHCl3

Cooling 

medium

Siemens 

Reactor

Polysilicon Rods



The Resilex Process

SisAl process
Slag refining

Crystallisation
SiO2 source

+

Al source

SisAl 

metal
(74 % Si, 

10 % Al, 

16 % Ca)

Directional Solidification

Czochralski Growth 

Process
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MG-Si



Medium and large scale refining trials

The hot metal in the mold Slag and metal

50kg (225 kW induction furnace) 
=> 98,91% Si

400kg (600 kW induction furnace) => 97,79% Si



Directional Solidification
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time

Charge Melt Solidification

Heat Extraction
Impurities



Directional Solidification
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Crystalox furnace

10 samples

~ 12 kg

Si metal obtained in slag 

refining (98.91 % Si)

ICP-OES analysis



Directional Solidification

1919

ICP-OES analysis results:

3N

➢ The sample at the bottom of the ingot reached a purity 

level of 3N, followed by the sample up to the very edge of 

the ingot and the sample located at the top. 

➢ The impurity distribution did not follow Scheil’s equation.

➢ Additional tests using different degrees of dilution for the secondary silicon to avoid 

collapsing the crystallisation front are necessary to have a more comprehensive 

understanding of the distribution of its impurities during directional solidification.



Czochralski Growth Process

2020time

Charge Melt
Seed 

dipping “Fishing”
Crustal 

pulling

Impurities



Czochralski Growth Process

2121

Si metal obtained 
in large-scale slag 

refining

Blending with 
electronic grade 

Si

Purification by 
crystal 
pulling

• Ratio: 97.79 % Si : electronic grade Si = 1 : 1
• Mass: 30 kg
• Purity after blending: 99.52 %

97.79 % Si
(99.04 % Si)

Czorchralski puller
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5N

Weight: 22 kg
Purity: 5N in the first 70% of the ingot if only 

     the measured elements are considered

https://doi.org/10.1007/978-3-031-80892-0_22
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HSC process simulation

This process represents for continuous production. 



NTNU process
(continuous production)

Al dross, quartz, lime, Si-kerf
Product: HP-Si

Co-product: reduction slag, pot scrap, 
Refining slag, purified Si-3N from 
previous production

Conventional MG-Si production Siemens process
Quartz, coke

Solar grade 
Silicon 6N

Resilex process

Reference

The system boundary for LCA and LCC

Electronic garde Si
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Conclusion

• NTNU produced approximately 200 kg of Si following the SisAl process with a 
purity obtained reached 98.91% Si. Major impurities were Ca, Al and Fe.

• Two ingots were produced by NTNU (directional soldfication => 3N and crystal 
pulling => 5N)

• The produced silicon was sent to CEA that produced three 30kg Cz ingots and 
evaluation for PV production.
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