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World Al Industry claim to become green house gas (GHG) neutral, 

by the year 2050

Earth Crust
Abundant element- 3rd

Most abundant metal - 8%
Total metals available- 32%

Growth 
Largest growing metal (9.45X) 
since 1960 followed by Cu, 
steel (4.56X), Pb, Sn  etc.

Volume
Metal used - 2nd largest
Non ferrous industry – 1st

Green Metal

Strategic Metal

Metal of Future

Infinite Metal

Aluminium in Circular Economy



Technology R&D needs Demonstration 
needs

Deployment Milestones

Wetted 
drained 
cathodes

---- Ready for 
demonstration

Deployment to start by 2015 
with full commercialization by 
2020

Inert anodes Extensive 
testing at 
laboratory 
and batch 
scale

Ready for 
demonstration

Deployment to start in 2015 -
2020 with full 
commercialization by 2030

Carbothermic 
reduction

Extensive 
research 
under way

2020 - 2025 Deployment to start between 
2030 and 2040 with full 
commercialization by 2050

Kaolinite 
reduction

Research 
under way

2025 - 2030 Deployment to start between 
2035 and 2040

Status of the Emerging Aluminium Technologies

https://www.ctc-n.org/technologies/inert-anode-technology-aluminium-smelters

https://www.globalefficiencyintel.com/new-blog/2017/technologies-energy-emissions-aluminum-industry



Technology Energy Use 
(kWh/kg)

Alumina (kg) Carbon 
Anode (kg) 

CO2 (kg) [CO] 
(kg)

Hall–Heroult 15.37 1.93 0.45 1.66

Wetted 
cathode

11.83 1.93 0.45 1.66 

Inert anode 16.82 1.93 0 0 

Carbothermic 10.15 1.89 0.67 1.56

Best 
technology

Carbothermic Carbothermic Inert anode Inert anode 

Advantages of Emerging Technologies



Inert Anode Material & Properties

What Materials May Inert Anode 
Consists of?

• The Ceramic Anode (SnO2, NiFe2O4, NiO-LiO2)
• Inherent Instability
• Doping required (Leaching)
• High Corrosion rate
• Low electrical conductivity / thermal shock and 

fragile

• The Cermet Anode (Fe-(𝐍𝐢𝐅𝐞𝟐𝐎𝟒 + 𝐍𝐢𝐎 ), Cu-
Ni- 𝐍𝐢𝐅𝐞𝟐𝐎𝟒 −NiO, 𝐍𝐢𝐅𝐞𝟐𝐎𝟒 –Cu, 𝐂𝐮𝟐𝐎 − 𝐂u, 
𝐍𝐢(𝐍𝐢𝐅𝐞𝟐𝐎𝟒 − 𝟏𝟎𝐍𝐢𝐎)
• Metal being oxides and leached out

• The Metal Anode (AlCuSn, Cu-Ni-Fe, N-Fe-Co, 
Zn)
• Unstable in the presence of oxygen @ high-

temperature +Fluorides

To be successfully implemented, an 
inert anode must be 

• Physically stable at service temperature

• Resistant to 

• cryolite

• attack by pure oxygen

• Thermal shock

• Electrochemically stable

• Electronically conductive

• Mechanically robust

• Easy to deploy & adapt (electrical 
connection to bus, startup, power 
interruptions)



Advantages & Challenges of Inert Anodes

Principal Advantages of Inert Anodes

• Cost Reduction

• Absence of anode plant 

• Capital and operating cost reduction

• Environmental friendliness

• Elimination of GHG emissions (smelter 
& carbon plant) (CO2, CF2, C2F6, PAH)

• Carbon residues eliminated

• Improved Occupational Health

• Operational easiness (reduced heat 
stress)

• Reduced thermal disturbances 

Major Challenges

• Wear Rate of Anodes

• Low solubility & reactivity in electrolyte

• High resistance to anodic oxygen

• Low Anode corrosion (metal purity)

• Alumina Control

• Alumina-saturated melts 

• Right side - pseudo-resistance curve

• Risk of sludge formation

• Anode Effect

• Sharp dissolution of anodes

• Heat Balance

• No side ledge

• Reduced heat loss



Hall-Heroult : Inert Anodes

DP AOV Electrolysis Ereq Anode Ereq Cell voltage Electrolyte 
Voltage drop

HH 1.17 0.7 6.34 1.0 4.5 1.76

IA 2.19 0.2 9.26 0.2 5.1 ???

δ 1.02 -0.5 2.92 -0.8 0.6 ???

• Anode polarization voltage can be reduced to 0.15 V in IAT from 0.6V (HH)

• Theoretical energy requirement for an inert anode is higher by 2.95 kWh/(kgAl) since
there is no energy from carbon anode oxidation

• Higher voltage of 0.89 V is required in IAT for a reduction in the absence of carbon
oxidation energy

• Combining both effects (polarization and increased reaction voltage) will result in a
voltage increase of 0.44 V

• Total voltage required for the inert anode technology is then 5.08 V which corresponds to
16.82 kWh/(kgAl)

• No changes to the alumina feeding system & no carbon dioxide emission
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Inert Anode Technologies Worldwide Status

• The Russian company RUSAL operates with pilot cells based on metal anodes.
• A Chinese company has pilot cells using cermet anodes (made of metal/ceramic material)
• Elysis is a relatively new consortium of Alcoa, Rio Tinto, Apple and the Canadian
authorities, & they are claiming they will have a commercial process in place in 2024.

• In Europe, Arctus metals in Iceland is conducting inert anode R&D

RUSAL begins testing of new generation of inert anode pot
Moscow, 10 June 2020 – RUSAL (SEHK: 486; Moscow Exchange: 
RUAL), a leading global aluminium producer, announces that it 
has commenced testing operations for a pilot industrial 
electrolytic cell with inert anodes, which has an improved 
design and a record low carbon footprint.

https://www.elysis.com/


• The circular economy is a new way
of creating value and prosperity in
the Aluminium Sector.

• It works by extending product
lifespan through improved design
and servicing and relocating the
waste from the end of the supply
chain to the beginning

• In effect, using resources more
efficiently by using them over and
over, not only once.

CIRCULAR ECONOMY



Importance of Circular Economy in Indian Aluminium Sector

• Dwindling bauxite resources (Q/Q)

• 800-600mT recoverable
• Bauxite definition

• Environment Pollution 
• Coal/Power Availability 
• Higher input material/energy cost
• Highly volatile Al/Al2O3 prices



Aluminium Permanent Metal : A circular economy game changer



Aluminium in Circular 
Economy

Moving to a circular economy

• Aluminium has a life cycle that few materials 
can match

Aluminium can be recycled endlessly

• Aluminium is an energy bank, which makes 
sense environmentally and financially

Aluminium in the circular economy

• Aluminum can be defined as the most circular 
material with infinitely and 100% recyclable

• Recycled aluminium is not different from what 
is obtained by the original mineral (bauxite), 
and its characteristics are unchanged

• 0.4 – 0.6 kW /h is required to produce 1 kg of 
new aluminium from scrap



Conclusion

• Substantial progress made in inert anode development,
particularly regarding anode wear & metal purity

• The commercial aspects are yet to be proven, and the
operation of inert-anode cells will be very challenging.

• It is impossible to say when, or even if, this may be a proven
technology.

• Aluminium sector needs to be at the forefront of the circular
economy model, given its pervasive applications.

• Bauxite is finite; the circular economy is the environmentally
and economically viable way towards its conservation

• In today’s world, nothing is a waste, and all so-called wastes
can be converted into resources for wealth creation by the
adoption of a circular economy
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