


Global Primary Aluminium Production 69.45 million tons

Indian Primary Aluminium Production 4.07 million tons (6% share)

FY 2023

Sources: https://www3.weforum.org/docs/WEF_Aluminium_for_Climate_2020.pdf,  https://international-aluminium.org/statistics/primary-aluminium-production/
CBAM dent awaits aluminium makers, CRISIL Report, June 2023

https://www3.weforum.org/docs/WEF_Aluminium_for_Climate_2020.pdf
https://international-aluminium.org/statistics/primary-aluminium-production/
https://international-aluminium.org/statistics/primary-aluminium-production/
https://international-aluminium.org/statistics/primary-aluminium-production/
https://international-aluminium.org/statistics/primary-aluminium-production/
https://international-aluminium.org/statistics/primary-aluminium-production/
https://international-aluminium.org/statistics/primary-aluminium-production/
https://international-aluminium.org/statistics/primary-aluminium-production/


% share in total 
production

Ton CO2 per ton 
of Al

Source: CBAM dent awaits aluminium makers, CRISIL Report, June 2023





Source: https://www.ceew.in/publications/how-can-india-achieve-low-carbon-sustainable-aluminium-production-and-reduce-carbon-footprint
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Production Vs GHG Emissions



GHG Emission Reduction



Source: CBAM dent awaits aluminium makers, CRISIL Report, June 2023

Pathway 1
Electricity Decarbonisation

Pathway 2
Direct emission reduction

Pathway 3
Recycling & Resource efficiency

Zero carbon 
electricity

Carbon 
capture, 

utilisation & 
storage 
(CCUS)

Energy 
efficiency

Carbon 
capture, 

utilisation & 
storage 
(CCUS)

Inert 
anodes

Refinery & 
cast house 

electrificatio
n/ fuel 

switching

Near 100% 
end of life 
collection 
and alloy 
sorting

Elimination 
of pre-

consumer 
scrap

Elimination 
of all metal 

losses 
during 

melting and 
casting

60% 
reduction

50% 
reduction

10% 
reduction

35% 
reduction

15% 
reduction

15% 
reduction

15% 
reduction

4% 
reduction

8% 
reduction

Decarbonized power generation and 
the deployment of CCUS offer the most 

significant opportunity for emissions 
reduction

Electrification, green hydrogen, 
concentrated solar thermal energy, and 
carbon capture utilisation and storage 

(CCUS) offer potential pathways to 
decarbonization

Near 100% aluminium recycling rates, 
improved scrap sorting, elimination of 
pre-consumer scrap and metal losses 

could reduce the need for primary 
aluminium by 20% by 2050





Technological Innovations at a Glance



Worldwide Innovations : Pathway 1



Worldwide Innovations: Pathway 2



Worldwide Innovations : Pathway 3



Share of Secondary Production in the Global Supply in NZE Scenario



Source: CBAM dent awaits aluminium makers, CRISIL Report, June 2023

• Potential types of anodes: cermet conducting electrodes 

and metal anodes. Costs associated are uncertain

• Other electrode technologies include wetted cathodes & 

multipolar cells

Inert anode (TRL 4-5)

• Co-feeding hydrogen alongside natural gas for 

industrial heating

• Most affordable option in long term

• Hydrogen as reducing agent – operational difficulties 

& lack of widespread infrastructure

Use of hydrogen (TRL 7-9)

• Potentially practical intermediate solution

• Significant potential for CCUS lies in its application to 

refineries

• Highly expensive for gas streams with low CO2

CCUS (TRL 7-9)

• Electrification in alumina refining and displacing 

conventional gas-fired furnaces in casting

• Electrification is integral to the decarbonization

Direct electrification

• Approximately 30–45% is dissipated as waste heat

• Commercially available technologies: energy 

modulation, shell heat exchangers & heat pipes etc.

Waste heat recovery (TRL 7-9)

• Technically achievable and currently implemented in 

selected alumina refineries 

• Dependent on the quality of the bauxite utilized

Low temperature digestion (TRL 9)



• Technically viable and well-established

• Greater energy efficiency and the potential for 

substantial energy and cost reductions

• Industries are already adopting this technology

Fluidized bed calciners (TRL 9)

• Theoretically simple concept; capital expenses can be 

limiting

• Availability of affordable renewable energy plays a 

crucial role

Electric boilers (TRL 4-5)

• Enables the reuse of steam and leads to substantial 

energy conservation

• Useful in the refining of alumina; digestion

• Requires high levels of renewable electricity

Mechanical vapour recompression (TRL 7-8)

• Potential to produce energy savings of 34 % 

compared to a modern HallHéroult carbon anode 

technology

• Another potential technology in research stage is 

kaolinite reduction

Carbothermic reduction of alumina (TRL 7-8)

• lowering the temperature to near the melting point can 

reduce electricity consumption by 1-1.5 MWh per ton

• Possible with introduction of additives; to consider 

purity of Al, cell voltage, corrosion of lining, etc.

Lower electrolysis temperature (TRL 7-8)

• HAL4e Ultra Cells in Årdal, Norway

• Digital twinning and distributed sensing, steady flow 

and heat preservation

New smelter technologies (TRL 7-9)
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Conclusion



Thank You
Anupam Agnihotri, Director

Jawaharlal Nehru Aluminium Research
Development & Design Centre, Nagpur

director@jnarddc.gov.in 
+91 9404084435

www.jnarddc.gov.in 

mailto:director@jnarddc.gov.in
http://www.jnarddc.gov.in/
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