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As some other materials have an easier 
way to decarbonisation, it is important for 
the aluminium industry that we step up 
our efforts in order to defend aluminium’s 
position as well as the industry’s huge 
investments in the upstream aluminium 
value chain.  

Decarbonisation throughout the 
value chain 
Hydro has a clear technology ambition to 
enable volumes of near-zero aluminium by 
2030. By near-zero we mean aluminium 
products with less than 0.5 kg CO2 per kg 
aluminium throughout the whole value 
chain. This will be achieved through R&D 
and piloting up to industrially relevant 
size pilots. We pursue three main paths 
towards zero carbon aluminium;
 (i) Path 1: Decarbonised Bayer process 
and carbon capture and storage (CCS) for 
existing smelters,
 (ii) Path 2: Decarbonised Bayer process 
and development of Hydro’s proprietary 

HalZero technology for greenfield smelters 
and 
(iii) Path 3: Recycling of post-consumer 
scrap with decarbonised operations. To 
get all the way to zero carbon aluminium 
we are also exploring ways to decarbonise 
our casthouse operations. 

Decarbonising primary aluminium:
Hydro is in a process to convert to natural 
gas and installing electric boilers at our 
Alunorte refinery. This will significantly 
reduce the carbon footprints from 
Alunorte, the world’s largest alumina 
refinery. We are also developing roadmaps 
for piloting hydrogen for calcination, an 
approach that is also pursued by several 
industry peers.

Globally, the power production is the 
biggest source for CO2 emissions in the 
smelter area. Thus, energy efficiency and 
conversion to renewable energy are the 
most important actions. On the energy 
efficiency side we are proud of the results 

of our latest electrolysis technology, the 
HAL4e technology. This technology has  
been industrially proven in the Karmøy 
Technology Pilot producing consistently 
at industrial scale with an energy 
consumption of 11.7 and 12.4 kWh/kg 
Al, for low energy and high productivity 
versions, respectively, and with a total CO2 
emission of 1.4 kg CO2 per kg aluminium 
for the smelting process. Hydro has a 
good power source portfolio with a high 
fraction of hydropower and wind sources. 
We continuously work on converting the 
rest of the portfolio to renewable power 
as well.

To eliminate the hard to abate emissions 
from the electrolysis, we are following two 
paths: 

The first path is carbon capture and 
storage. It is important for us to secure 
the value of existing smelters, as these 
are some of the lowest cost assets 
in the industry and we have leading 
technology and production capabilities. 

Decarbonising Hydro’s aluminium 
products
By Hans Erik Vatne*

Sustainability and reducing carbon footprints are key success criteria for any metal producer. These 
aspects are gaining increased focus and becoming more and more decisive for competitiveness among 
materials and businesses. 

Fig 1. Illustration of the classic Hall-Heroult smelter technology (left) and our new HalZero chloride technology (right)
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For these assets we are developing CCS 
solutions. Here, the challenges are low 
concentrations of CO2 and pollution in 
the off-gas, which makes standard amine 
technology costly. We have evaluated more 
than 50 CCS technologies and developed 
a roadmap for testing and piloting the 
most promising up to industrial scale. The 
most likely outcome will be a combination 
of off-gas capture and direct air capture to 
eliminate 100% of the emissions. 

The second path, more suited for new 
electrolysis capacity and for greenfield 
smelters, is our proprietary HalZero 
technology. This is a technology based on 
converting alumina to aluminium chloride 
prior to electrolysis. Carbon monoxide 
is used in the chlorination, in a reaction 
where alumina is mixed with chlorine and 
carbon monoxide to produce aluminium 
chloride and CO2. 

The aluminium chloride is split by 
electrolysis into aluminium and chlorine 
and the chlorine is fed back to the start 
of the process and kept in a closed 
loop. The resulting CO2 is pure and fully 
concentrated and is converted to carbon 
monoxide and oxygen, where also the 
carbon monoxide is fed back to the start 
of the process and kept in a closed loop. 
Thus, this becomes a process where 
chlorine and carbon are kept in closed 
loops, resulting in a fully decarbonised 
process, see Fig. 1 for illustration. We 
have been working on lab-scale for 
several years on this technology and have 
developed a roadmap for piloting this to 
industrial scale before 2030.  

Collaboration with relevant stakeholders 
on developing public/private partnerships 
and securing access to carbon transport 
and storage infrastructure are required to 
fund and industrialise these technologies 
at scale. 

Recycling of post-consumer scrap
There is also a circular path to near-zero 
aluminium, which is the fastest way to 
market. Hydro has the most advanced 
recycling technology and metallurgy 
competence in the industry. This enables 
us to produce Hydro Circal – a low carbon 
product with a certified recycled content 
of more than 75% post-consumer scrap.  
We could produce this with 100% post-
consumer scrap even today, buying clean 
and sorted scrap, but doing this in a 
profitable way requires digging deeper 
into the scrap pile of difficult, unsorted 
and contaminated scrap. 

This means utilising and further 
developing our advanced sorting 
technology. Current state-of-the-art 
sorting is done by X-ray technology, but 
we already have an industrial pilot based 
on laser technology, so-called Laser-
Induced Breakdown Spectroscopy, LIBS, 
which is much more precise than X-rays 
and able to distinguish different alloys. 
100% scrap in combination with fuel 
switch to renewable fuel – hydrogen, 
biogas or direct electricity – for scrap 
melting, would take our products to zero. 
We see these technologies, along with our 
network of recyclers and their proximity 
to scrap suppliers and customers as a 

key competitive advantage to enable and 
capture value from more circular business 
models. Our ambition is to deliver first 
volumes of recycled products with a 
carbon footprint below 0.5 kg already in 
2022.

Downstream is very much about 
increased use of low-carbon aluminium 
and substituting less sustainable materials 
and high-carbon aluminium. Examples of 
such products are Hydro’s Reduxa and 
Circal, see Fig. 2. Hydro Reduxa is based 
on renewable power for the smelter 
process and thus contains less than 4 kg 
of CO2 per kg aluminium, while Circal 
contains minimum 75% post-consumer 
scrap. Going forward we will gradually be 
able to reduce the carbon footprints of 
these types of products below 0.5.

To get all the way to zero-carbon 
aluminium, we are exploring how to 
decarbonise our casthouse operation 
through use of green hydrogen, biogas or 
direct electrification of casthouse furnaces. 

Hydro has a clear technology strategy 
for delivering near-zero aluminium 
products before 2030. By delivering on 
the ambitious technology strategy, Hydro 
is in a unique position to become the 
leading supplier of near-zero aluminium. 

Decarbonisation is the most important 
and urgent action to build competitiveness 
of the fantastic material that aluminium 
is, but we also recognise other needs like 
protecting biodiversity and improving 
the lives and livelihoods wherever we 
operate, thus contributing to the broader 
sustainability agenda.  �

Fig 2. Examples of existing low-carbon products


