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Abstract 

Reducing greenhouse gas emissions and combating climate change have become a priority for 
nations and businesses, and that includes also the aluminium industry. 2050 has been chosen as 
the target year when the global primary aluminium industry will have reached net-zero 
greenhouse gas emissions. There is a clear path to decarbonization for the aluminium industry, 
and many aluminium producers have now developed their own low-carbon roadmaps. However, 
reaching the goal of net-zero emissions will require significant decarbonization of the electric 
energy mix, the alumina and anode production and supply chains, the aluminium electrolysis 
process, and also the downstream recycling. Is it technologically and economically possible for 
the global aluminium industry to reach net-zero emissions, and which new technologies are 
required to achieve this? The present paper gives an overview and discussion of the main 
processes that have been suggested in the open literature to reach net-zero emissions from the 
primary aluminium industry.  

Keywords: Primary aluminium production, Greenhouse gas emissions, Decarbonisation, Net-
zero emissions. 

1. Introduction

The process of reducing carbon dioxide emissions from industrial processes through various 
strategies is called decarbonization, which implies removing carbon from the system. Leading 
companies in the aluminium sector have endorsed a new strategy for action to decarbonize the 
sector in this decade [1]. With the present extensive use of carbon-containing raw materials for 
electricity and other energy sources for the aluminium industry this is a formidable task.

2. What Do We Mean by Net-zero Emissions?

Natural ecosystems like wetlands and forests absorb carbon dioxide from the air and turn it into 
biomass, which is a part of earth’s natural carbon cycle. Forestation means to plant, manage and 
grow forests and is a low-tech way to remove and store carbon in the biosphere, and this works 
also on a large scale.  

The industry is now using the expression net-zero greenhouse gas (GHG) emissions. Net-zero 
does not necessarily mean that all greenhouse gas emissions are eliminated. At net-zero, emissions 
are still generated, but an equal amount of CO2 is removed from the atmosphere as we release 
into it. Thus, net-zero means that emissions from human activity must be balanced by absorbing 
an equal amount of greenhouse gases, primarily CO2, through climate projects.  
CO2 emissions cannot be avoided completely, so when are they “close enough to zero” to be 
called net-zero? The International Aluminium Institute (IAI) [2] has modelled a 1.5 Degree 
Scenario for global warming and the result is a low total emission of 0.5 tonne of CO2 equivalent 
per tonne of aluminium (t CO2e/t Al). So this may be low enough to be called net-zero. However, 
it means that the aluminium producers presently operating with a low total emission of 
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4.0 t CO2e/t Al must reduce their emissions by 88 % and the total global emissions from primary 
aluminium production must be reduced by 97 %. 

3. The Emission Target for 2050 - Net-Zero Emissions from Primary Aluminium 
Production 

The time horizon for net-zero targets - 2050 - feels distant and the target sounds simple and 
plausible. The year 2050 is probably chosen because it is just a round number and halfway into 
the 21st century. For comparison, let us go 27 years back in time and take a look at the situation 
in 1996. Some global average data are compared in Table 1. 

Table 1. Comparison of some global average data from 27 years ago with present data [3], 
and IAI data for business as usual (BAU) and net-zero target by 2050 [2]. The data for 2023 
is from 2021 and 2022 [3].

Process/Year 1996  2023
2050 

(business 
as usual) 

2050 
(net-zero 
target) 

Global production of Al (Mt/year)  20.9 68.5       88        68 
Energy consumption (kWh/kg Al) 14.5 13.2       12 ~ 10 (?) 
Percentage of electric power from 

coal and natural gas (%) 
    43    67 61 19 

GHG emission (t CO2e/t Al) 16.9    16.6   15.8 0.5 

The annual global primary aluminium production has increased by almost 50 million tonnes since 
1996, but the IAI modelling does not include any large increase up to 2050. The energy 
consumption has shown a nice reduction and this will surely continue. The amount of electric 
power from fossil sources has increased considerably, and the GHG emissions are the same now 
as in 1996. So it is obvious that the electric power mix must change and the emissions must be 
reduced dramatically in the next 27 years to reach the net-zero target. 

To get to net-zero emission is a big and challenging task, and the way to achieve it is partly 
unknown at present. We know that this is not possible with the process technologies we have and 
use today. Genuinely new and yet-to-be-developed technologies are needed. If and when these 
new technologies are available, the commercial adoption will require a significant investment 
across the aluminium industry.  

4. What will the Aluminium Industry Need to Reach Net-zero Emissions with the 
Present Electrolysis Cell Technology? 

With the main raw materials (electricity, alumina, and carbon anodes) and the electrolysis cell 
technology we have in 2023, the industry will need the following improvements before 2050: 

4.1 Electric Energy Mix Decarbonization 

In 2021, 67 % of the electric power used to produce aluminium originated from fossil fuel sources; 
mainly coal (57 %) but also natural gas (10 %) [3]. Globally there has been an increase in the 
specific CO2 emissions from the energy used for aluminium electrolysis from 6 to 10 t CO2e/t Al 
since 1990, and there has been only a small reduction since 2015, as shown in Figure 1. It is 
obvious that this trend must change, and change rapidly now. 

Switching to decarbonized power generation offers the most significant opportunity of emissions 
reduction and is critical to the transition. It means using “clean” energy from renewable sources 
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10. Secondary Aluminium from Post-Consumer Scrap 

The production of recycled aluminium will be more important in the coming years. This 
development will continue in parallel with the necessary improvements of the primary aluminium 
industry. Aluminium recycling is the process by which post-consumer aluminum scrap can be 
reused in products after its initial (primary) production. According to IAI statistics [3] the average 
process emissions from recycling of post-consumer scrap is 0.6 t CO2e/t Al. Norsk Hydro [22] 
reports that their post-consumer scrap has a carbon footprint of about 0.5 t CO2e/t Al. This results 
from post-consumer scrap collection, transport, sorting, and remelting. In June 2023 Norsk Hydro 
reported that the company had been melting aluminium scrap using green hydrogen instead of 
natural gas as fuel for the burners powering the remelt furnace [23]. This shows that zero 
emissions are possible from secondary aluminium production from post-consumer scrap.

11. Summary 

To reach net-zero GHG emissions when using the existing electrolysis cell technology the main 
ways are a combination of the following requirements: 

 Renewable electric power
 Emission-free alumina and anode production 
 All material transportation, including alumina, by electric ships, railways and vehicles
 Carbon capture, utilization and storage (CCUS)
 Recycling of post-consumer scrap

However, one can also use new cells with inert anodes, or alternatively a new process for 
production of aluminium. Examples here are:  

 A new and different process for aluminium production (CCR and HalZero), where the 
processes are based on carbochlorination of alumina to produce aluminium chloride, 
which is then electrolyzed to aluminium. 

With the target of net-zero GHG emissions by 2050 it is possible that a new and emission-free 
process may be the main solution for the aluminium industry. 
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