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Abstract: As the world heads toward 2050 the necessity for reduction of greenhouse gases becomes more
and more apparent and industries around the world are increasing their efforts to ensure that what can be
done is done and that future requirements are understood, targeted and implemented. The cement and
concrete industries are no different with several roadmaps released by companies and industry associations
around the world. One of the most extensive and basis for many others is the Global Cement and Concrete
Association (GCCA) Roadmap to Net Zero [1] which describes seven levers that will drive the global cement
and concrete industry to reach NetZero by 2050. This review discusses each of those levers with practical
real world examples of work that is currently being done in research and operational areas.
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1. Introduction

The seven levers as presented by GCCA and the predicted portion of CO2 emissions that will be abated
through work in those areas are:

- Savings in Clinker Production (11%)

- Efficiencies in concrete production (11%)

- Decarbonisation of electricity (5%)

- Savings in cement and binders (9%)

- Recarbonation or carbon dioxide sink (6%)

- Efficiency in design and construction (22%)

- Carbon capture and utilisation/storage (36%)

Whilst opportunities are greater in some levers than others, all targets need to be met to ensure that the
overall Net Zero target is met. It will take significant investment from government, from academia, and from
industry to achieve this. No single technology will abate the CO, emissions of the cement and concrete
industries and this review aims to expand briefly on each lever whilst offering real world examples of current
operational or research progress. All examples discussed in this paper are sourced from publicly available
information. Their inclusion in this paper is for information purposes only and unless expressly stated does
not indicate any statement as to their viability or overall worthiness.

2. Seven Levers

2.1 Savings in clinker production

Savings in clinker production typically refer to use of alternative fuels, steering away from traditional fossil
fuels in the heating of material during clinker manufacture. Alternative fuels have been used in clinker
production for some time and the use of refuse derived fuels has been shown to be both ecologically and
economically justifiable. [2]

Whilst such technologies have become established in the production of clinker, new alternatives are always
being looked at and the most interesting from a greenhouse gas perspective may just be hydrogen fuel. In
2021 HeidelbergCement (Now Heidelberg Materials) successfully operated their cement kiln in Ribblesdale
UK on a 100% blend of climate neutral fuels including hydrogen.[3] According to Heidelberg the use of
100% hydrogen is not feasible however this particular blend included 39% hydrogen along with other carbon
neutral fuels to achieve the 100% climate neutrality and if fully implemented would avoid 180000tpa of CO,
emissions.



2.2 Efficiencies in concrete production

Efficiencies in concrete production refers to the changes in concrete manufacture, either by process or mix
design. Essentially doing more with less. The main beneficiaries of improved efficiencies in concrete
production will be developing nations as concrete production moves from traditional methods of concrete
being made in small batches on site are replaced with more modern industrialised readymix concrete
production methods.

That is not to say that opportunity does not exist in other areas. According to GCCA [1] improving the
utilization and effectiveness of admixtures or improving the processing of aggregates represent examples
of good opportunities for CO, emission saving. Understanding admixture synergies, especially in concrete
containing significant amounts of supplementary cementitious materials (SCMs) will help drive down cement
contents, as will improved aggregate particle packing via controlled production and considered blending of
aggregates.

One method related to innovative admixtures currently commercialised in many parts of the world, most
notably by CarbonCure, is in the use of CO; itself as an additive to concrete. A small amount of CO, may
be injected into fresh concrete during mixing and will react with calcium hydroxide present to produce
nanosized calcium carbonate particles. This has been shown to increase concrete strength.[4] The
outcome of increasing concrete strength would thus lead to opportunity for the reduction of cement content
for a specific strength grade of concrete, leading to a reduction in the total embodied carbon content of the
concrete.

2.3 Decarbonisation of electricity

The decarbonisation of electricity relies on cement and concrete producers transitioning to renewable
sources for their electricity supply. Whilst the success will be partially reliant on global electricity grid
upgrades, there is work that can be done at individual sites that will aid in the process. A best practice
method [5] for managing water at a concrete or cement plant is to cover as much of the contaminated areas
as possible. This action reduces the risk of contaminated stormwater exiting the site. An example of this
in Australia is Gunlake’s facility at Banksmeadow in Sydney. The further advantage is that the roof areas
can be used for solar panel implementation. It was reported [6] in April 2023 that Gunlake was installing
193 solar panels on the roof covering a large percentage of the Banksmeadow site. It is hoped that the
panels will generate up to 80.1 kilowatts of solar energy thereby reducing load on the grid for this site.

2.4 Savings in cement and binders

Probably the most widely understood, acknowledged and researched methodology for reducing the
embodied carbon of concrete is substituting cement with other materials either as filler, such as limestone
or as a supplementary cementitious material (SCM) such as coal flyash, ground granulated blast furnace
slag (GGBFS) and silica fume among others.

In Australia several concrete suppliers have brought to market lower carbon concrete products which utilise
these materials in more and more optimized ways. Around the world most suitable materials are already
used in cement [7] and in a lot of cases their availability is decreasing as the industries from which they are
sourced transition to more environmentally sustainable processes [8] [9]. Due to this, the need for research
into other alternate materials is increasing. One of the most promising technologies is the calcination of
kaolinite clays for production of what has become known as Limestone Calcined Clay Cement or LC3. The
production of LC3requires the calcination of the clay and then addition of this material to limestone filler and
Portland Cement to form a blended cement with clinker reduction of 50% reported. In 2020 Argos
announced [10] the start of its production line producing 0.45Mta of calcined clay for incorporation into LC3
cement in their Rioclaro, Columbia cement works. Other sites around the world are following suit and
research in Australia [11] is also advancing.



2.5 Recarbonation or carbon dioxide sink

A recent consideration in carbon accounting has been the inclusion of the natural process of recarbonation
or uptake of carbon dioxide that concrete undergoes during its lifecycle. How this variable process is
measured will be a challenge but one that the industry needs to overcome to remain competitive against
other materials such as timber given there should be no difference between carbon sequestered prior to a
material’s use and carbon sequestered during or after its use.

2.6 Efficiency in design and construction

Does a building need to be built the same way as 10, 20, 30 years ago? Can design modification be made
that will maintain structural integrity but reduce the embodied carbon of a building? Is there an opportunity
to dematerialise a building? Does a building need knocking down or could sound engineering transform an
existing building into new? Does the concrete need to reach strength at 28 days or is there an opportunity
to draw this out to later ages? By thinking outside of the box, engineers, architects, builders, contractors
and suppliers can achieve great things structurally, as well as environmentally. A recent example to
highlight this was the Quay Quarter Tower in Sydney [12] which among other innovative design and
materials utilised the existing building shell to take out the International High-Rise Award in Frankfurt,
Germany.

2.7 Carbon capture and utilisation/storage

Should all the other levers be successful there is still just over 1/3 of emissions that will require capturing,
utilisation and storage. Flue gas from kilns is typically of concentration 14-33% CO, [13] and at these levels
is not feasible for direct capture or storage. To effectively manage this remaining portion CO, separation
techniques are required as well as significant investment in bulk underground storage options.

FastCarb is a large European based consortium including Holcim, CEMEX and VICAT working on
mineralisation as a carbonation technology. [14] Flue gas is brought into contact with calcium rich waste
such as construction and demolition waste with a portion of the CO, reacting with the waste material. In
Australia similar technologies are current being developed by industry and academic teams including from
Boral, Holcim, Sika, UWS and UTS. The source of CO, is not necessary to be from cement works. MCi is
another Australian based company currently building a pilot plant in Newcastle at the Orica ammonium
nitrate plant with the aim to lock away their captured CO, permanently into a range of construction related
materials.[15]

Cement Australia has signed a memorandum of understanding with Mitsubishi Gas Chemical Company
(MGC) [16] with the aim to produce methanol from CO, captured at their Gladstone plant combined with
hydrogen using MGC’s green methanol production technology.

AdBri and Calix are also collaborating on a project [17] that would use Calix’s patented LEILAC (Low
Emission Intensity Limestone and Cement) process to produce zero emission lime and deliver the captured
CO,, for the production of green methanol. LEILAC is also being retrofitted to a Heidelberg Materials plant
in Hanover Germany with a targeted CO, capture capacity of 10000tpa.

3. Conclusions

There is no one technology or even lever that will lead the global cement and concrete industries to the
NetZero emissions target by 2050. The target can only be reached by combining all levers, developing new
technologies and embracing those that show the most promise. Governments, academia and industry all
have a part to play in achieving this — collaboration is the key.
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