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Calix files a new patent for zero emissions iron and steel 
Highlights:  

• Calix announces the filing of a patent covering a new and significant application of its core 
technology for the production of zero CO2 emissions iron and steel 

• Calix’s “ZESTY”TM (Zero Emissions Steel TechnologY) process involves the use of the Company’s 
core “kiln” technology for the production of iron with the goals of:  

o Reduced temperature of operation 
o No pelletisation of iron ore required – enabling the processing of fines 
o Able to be renewably powered, with intermittent operation 
o Can approach theoretical minimum hydrogen use 

• In addition, when producing steel from Calix’s ZESTY process:  
o Calix’s “LEILAC”® (Low Emissions Intensity Lime and Cement) process can be used to 

produce zero-emissions lime - used in steel-making to remove impurities – with no 
need for lime pelletisation. 

• Next steps: if confirmed by a testing program being undertaken by Imperial College, London, 
Calix will conduct scale-up testing at the Company’s Bacchus Marsh facility with ores from a 
potential customer that Calix has already engaged in discussions.  

Sydney, Australia | November 12, 2021 – Multi-award-winning Australian technology company Calix Limited 
(ASX: CXL) (Calix or the Company) is pleased to announce the filing of a patent covering a new application of its 
core technology for the production of zero CO2 emissions iron and steel. 
 
*  PLEASE REFER TO THE GLOSSARY AT THE BACK OF THIS ANNOUNCEMENT FOR EXPLANATIONS OF KEY TERMS  
 
Iron and steel making sits just behind cement and lime as the second largest source of man-made industrial CO2 
emissions, estimated at 7% of the global total, or around 2.6 billion tonnes per year. 
 
IRON 
80 to 85% of the industry’s CO2 footprint is associated with the production of iron, as 90% of all iron is produced 
by metallurgical coal- and coke-fuelled blast furnaces, producing approximately 1.8 tonnes of CO2 per tonne of 
iron produced.  
 
Iron produced via direct reduction of iron ore using a “syngas” of hydrogen and carbon monoxide (made from 
natural gas) in a shaft furnace is a less CO2 intensive method, at around 0.6 tonnes of CO2 per tonne of iron, 
however this process route has traditionally been more expensive, and hence only 10% of the world’s iron is 
produced by this method. The method requires cheap natural gas, as well as pelletisation of iron ores to prevent 
fines loss. 
 
Methods to lower the carbon footprint of iron production have started to consider using “green” hydrogen as 
the major reductant instead of natural gas and coal. The use of hydrogen in blast furnaces is being tested, but 
there will be limits on the amount of coal it could replace due to a reduction in the conversion rate of iron ore to 
iron. A “direct reduction process” with hydrogen is currently being assessed in the HYBRIT process in Sweden 
with SSAB, Vattenfall and LKAB. However as with a normal direct reduction process, the iron ore requires 
pelletisation, and ultimately consumes about 72 kg of hydrogen per tonne of steel (Source: McKinsey & Co -
Decarbonisation Challenge for Steel, P9). 
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STEEL 
 
Following the production of iron, steel is then produced either by removal of impurities in a basic oxygen furnace 
(usually following a blast furnace) or electric arc furnace (usually following a direct reduction process). Both 
production routes allow for the recycling of scrap steel at this point. In both routes, impurities in the steel need 
to be removed, and this is partially achieved via the addition of lime both before and during the steelmaking 
process, typically between 25kg to 70kg of lime per tonne of steel, or about 46 million to 130 million tonnes of 
lime. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram above is from the European Steel Association 
https://www.eurofer.eu/about-steel/learn-about-steel/what-is-steel-and-how-is-steel-made/ 
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CALIX’S “ZESTY” IRON PROCESS 

Calix’s “ZESTY” (Zero Emissions Steel TechnologY) Iron process involves the use of Calix’s core “kiln” technology 
to reduce iron ore to iron in a hydrogen atmosphere at between 600oC to 800oC, about 1000oC lower than a 
conventional blast furnace, due to the ability of Calix’s technology to handle small particle sizes in a controlled 
atmosphere. Calix’s kiln can also be easily electrically heated and handle intermittent operation – and thus the 
process can be energised via renewable energy sources. Because expensive hydrogen is not consumed as a fuel, 
and only as a reductant, Calix’s process is targeting the theoretical minimum hydrogen use of 54 kg per tonne of 
iron. In summary, Calix’s ZESTY iron technology allows for: 
 

- REDUCED TEMPERATURE OF OPERATION 
- NO PELLETISATION REQUIRED – CAN PROCESS FINES 
- ABLE TO BE RENEWABLY POWERED, WITH INTERMITTENT OPERATION 
- CAN APPROACH THEORETICAL MINIMUM HYDROGEN USE 
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CALIX’S “ZESTY” STEEL PROCESS 
 
Calix’s “ZESTY” (Zero Emissions Steel TechnologY) Steel process involves the use of the ZESTY Iron process feeding 
a standard (continuous) electric arc furnace (C-EAF), with the addition of a LEILAC kiln to produce zero-emissions 
lime. The “hot, active” lime produced from the LEILAC technology can be directly fed to the ZESTY reactor, and 
in addition any extra CO2 required in the C-EAF for the final steel mix can be fed directly from the LEILAC reactor. 
Some extra lime from the LEILAC reactor can also be used to scrub any excess carbon dioxide, as well as other 
pollutants such as sulphur compounds, from the exhaust gas from the C-EAF in a carbonation step (“CL” in the 
diagram). In addition to the advantages of Calix’s ZESTY Iron process, Calix’s ZESTY Steel technology allows for:  
 

- USE OF ZERO EMISSIONS LIME IN STEEL-MAKING 
- NO LIME PELLETISATION / PREPARATION REQUIRED – CAN PROCESS FINES DIRECTLY 
- CAN ALSO USE THE LIME TO SCRUB ANY EXCESS CARBON, AS WELL AS OTHER POLLUTANTS, FROM 

THE EXHAUST GASES 
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Development Underway 
 
Professor Paul Fennell – Professor of Clean Energy at Imperial College London said “The Fennell group at Imperial 
College is currently conducting its own independent investigation of the use of powder gas reactors, such as that 
embodied by ZESTY for iron and steel production and have found no substantial obstacles so far in our studies. 
We believe that tight control of particle size to prevent internal diffusion limitation will be necessary, and there 
will no doubt be other phenomena to be considered as the technology is scaled. However, the production of iron 
from iron ore is clearly the most obvious next generation use of the Calix technology, and one that I consider to 
have great potential” 

 
Conclusion 
 
Calix’s patent outlines the use of Calix’s core technology to produce zero emissions iron and steel. The technology 
will need to be scaled and tested, and the patent upheld, to achieve commercial success. Initial testing is taking 
place at Imperial College in London. If positive results are confirmed, Calix will then conduct scale-up testing at 
the Company’s Bacchus Marsh facility with ores from a potential customer, who Calix has already engaged in 
discussions.  
 
CEO of Calix Phil Hodgson said: “These are early days for the Calix ZESTY technology, however, given the 
materiality of both the potential for our technology in iron and steel production and the size of the environmental 
challenge, being similar to the one our LEILAC business is addressing, we will be pursuing this opportunity as 
quickly as possible – the world cannot wait any longer.” 
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GLOSSARY 
 

Term Meaning 

C Condenser – to cool steam to water 

Carbonation The capture of carbon dioxide by contacting with lime (calcium oxide), to form limestone 
(calcium carbonate) 

CL Carbonator in the ZESTY Steel process  

CO2 Carbon Dioxide 

Coke Very high carbon material produced from lower grade coal / carbon sources in special kilns 

EAF / C- EAF Electric Arc Furnace (batch) / Continuous Electric Arc Furnace 

EL Electrolyser – to break water (H2O) into oxygen (O2) and hydrogen (H2) 

Fines Small particles, which are usually very difficult to handle in kilns etc as they simply get 
blown out  

Green 
Hydrogen Hydrogen that is produced from and electrolyser using renewable energy 

HBI Hot Briquetted Iron – “bricks” of relatively high purity iron ready for steel-making 

HRSG Heat Recovery Steam Generator – a heat exchanger that cools hot product by generating 
steam, which can be used to drive a turbine to generate electricity 

Iron The chemical element, represent by “Fe” on the periodic table 

Iron Ore Iron oxide mixed with various other minerals, as mined and “pre-processed” (purified) as 
best as possible 

LEILAC® Low Emissions Intensity Lime and Cement 

Metallurgical 
Coal Very high carbon coal 

Pelletisation The formation of pellets from finer materials to aid in handling 

Sponge Iron Iron Ore that has been reduced (had the oxygen removed) 

Reduce / 
Reduction  The process by which oxygen is removed 

Reductant A material that, through its chemical properties, carries out reduction 

Steel Mainly iron, with some carbon and other trace metals such as nickel, manganese etc 
depending upon the grade of steel being made 

   
This announcement has been authorised for release to the ASX by:- 

Phil Hodgson 
Managing Director and CEO 
Calix Limited  
9-11 Bridge Street 
Pymble 
NSW 2073 
Ph +61 2 8199 7400  
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About Calix 
Calix is a team of dedicated people who are urgently developing great businesses, leveraging our patented technology, 
that deliver positive global impact. 

The core technology is being used to develop more environmentally friendly solutions for water treatment, CO2 
mitigation, biotechnology, advanced batteries, and more sustainable mineral and chemical processing. 

Calix develops its technology via a global network of research and development collaborations, including governments, 
research institutes and universities, some of world’s largest companies, and a growing customer base and distributor 
network for its commercialised products and processes. 

Because there’s only one Earth – Mars is for Quitters. 

Website:  https://www.calix.global/ 
Twitter:  @CalixLimited 
Youtube: CalixLimited 
 
For more information:  
 
 
Phil Hodgson 
Managing Director and CEO 
phodgson@calix.com.au 
+61 2 8199 7400 
 
 

 
Darren Charles 
CFO and Company Secretary 
dcharles@calix.com.au 
+61 2 8199 7400 
 

Simon Hinsley 
Investor Relations 
simon@nwrcommunications.com.au 
+61 401 809 653 
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