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About the Cement Industry Federation

The Cement Industry Federation (CIF) is the peak industry body representing all Australian
integrated cement manufacturers.

There are five integrated cement manufacturing facilities in Australia owned and operated by
Adbri Ltd, Boral Cement Ltd and Cement Australia Pty Ltd (Figure 1) - supporting around 1,300
jobs directly and over 20,000 downstream employees and small businesses.

Our cement manufacturing facilities produce critical building materials that underpin Australia’s
key infrastructure needs.

Industry at a Glance (2020-21)

CLINKER PRODUCTION CEMENT PRODUCTION
5.3 mt 9.6 mt
CLINKER IMPORTS CEMENT IMPORTS
4.0 mt 0.6 mt

TOTAL GHG EMISSIONS TOTAL REVENUE
4.7 mt S2.3 b

DIRECT EMPLOYMENT ALTERNATIVE FUEL USE

1,288 18 %

CEMENT INDUSTRY FEDERATION 3



Australian Integrated Cement Manufacturers
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Adbri produces and distributes cement, lime, concrete, aggregates, masonry
products and industrial minerals that have helped build a better Australia for
nearly 140 years. Today, Adbri is proudly one of this country’s largest cement,
lime and concrete producers.

Boral Cement manufactures and supplies a wide range of cementitious products
used by the building and construction industries of Australia. These products
include both 'bulk’ and ‘bagged’ cements, cement blends, and dry mixes with a
variety of applications.

Cement Australia is the nation’s leading supplier of cementitious products and
services. Cement Australia delivers a broad range of competitive products and
services — from bulk and packaged cement, fly ash and slag products to
processing and utilising alternative fuels from waste management.

ANGASTON !

Adbri

, e —m--

BIRKENHEAD

Adbri

RAILTON

Cement Australia

Figure 1: Location of integrated cement manufacturing plants
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Australia's Cement Manufacturing Industry

Cement is the critical ingredient in concrete. It is the binder that creates the strength
and durability of concrete, which is a key building material used to create key
infrastructure such as our dams, roads, bridges, buildings, homes, hospitals and schools.

The Australian integrated cement manu-
facturing industry is a domestically focused
sector with the majority of production

consumed locally.

As such, Australian cement manufacturing is
referred to as an ‘import-competitive’
sector, which means it must keep
production costs lower than its international

counterparts to remain competitive.

Cement manufacturing and distribution
provides thousands of jobs and critical
investment in regional Australia as well as
the suburban and industrial areas of our

cities.

A key current and future focus is
decarbonising our sector whilst maintaining
international competitiveness. This will not be
an easy task and will require action across the
full cement and concrete value chain.

A recent report by VDZ - Decarbonisation
Pathways for the Australian Cement and
Concrete Sector - found that the investment
required to decarbonise the cement and
concrete sector will be significant and that
government incentives, as well as changes
to standards and procurement policies, will
need to be implemented to support our net

zero strategy.

"AFTER WATER, CONCRETE IS
THE MOST CONSUMED
MATERIAL ON EARTH... CEMENT
IS THE GLUE THAT HOLDS IT
TOGETHER"

World Business Council for Sustainable Development
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Cement Manufacturing

Cement manufacturing and distribution provides thousands of jobs and critical
investment in regional Australia as well as the suburban and industrial areas of our

cities.

Portland cement is manufactured in sintering process as it passes through the
Australia from local sources of limestone rotating kiln, partially melting and forming
using state-of-the-art pre-calciner nodules of clinker.

technology. An outline of the process is at

Figure 2 and described below. The clinker is then cooled and stored before

being sent to the grinding mill, where it is
blended with gypsum and other materials
(such as unburnt limestone, fly ash and
blast furnace slag) — depending on the type
of cement required.

Limestone is crushed and blended with
minerals such as shale, iron ore and sand.
The resultant raw mix, or ‘meal’, is then sent
to a precalciner where it reaches
temperatures of up to 860° C, before
entering a rotating kiln where it is further

heated to 1,450° C. The resulting cement products are then
distributed (via road, rail or sea) to
At these temperatures the mix undergoes a customers around the country.

Limestone

Portland Cements
(CaCOy) ] G

- General Purpose
- Other Blends

Electricity Heat iag, Fy A Electricity
(1,450°c)

Figure 2: Schematic showing the three main stages of cement production
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About Cement

Portland cement clinker (clinker) is the main ingredient in the majority of cement
types manufactured for use in Australia and around the world.

Clinker is produced by heating limestone, clay and sand in high temperature (1,450
degrees Celsius) kilns.

Cement is produced by grinding (milling) clinker, gypsum and other cementitious
materials as required.

Concrete, one of the world's most used materials, is a typically a mixture of cement,
aggregates, sand and water.

Supplementary cementitious materials (SCMs) - such as unburnt limestone, fly ash and
slag - are used in both cement and concrete manufacture as required.

COMMON CEMENT TYPES

e General purpose cement (Type GP): produced by grinding clinker (up to
~90%) with around 5 per cent gypsum and up to 7.5 per cent mineral

additions (such as unburnt limestone).

e Blended cement (Type GP): produced by blending General Purpose cement
with at least 7.5 per cent supplementary cementitious materials - such as
ground granulated blast furnace slag (GGBFS), fly ash and/or amorphous
silica (up to 10%).

e General purpose limestone cement (Type GL): produced by mixing general or

blended cement with up to 20 per cent unburnt limestone.

GENERAL PURPOSE AND BLENDED CEMENTS

Australian Standard

The most used cement type in Australia is General Purpose cement (Type GP),

followed by General Blended (Type GB). General Limestone cement (Type GL) is

not yet used at scale in Australia.

AS3912
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Our People

The safe production and delivery of high-quality cementitious products in Australia
would not be possible without the highly skilled and dedicated people employed
directly and indirectly across all CIF member operations.

Cement manufacturing and distribution
provides thousands of jobs and critical
investment in regional Australia as well as
the suburban and industrial areas of our
cities.

Around 1,300 people were directly employed
by CIF member companies during 2020-21
in the production and distribution of clinker,
cement and cementitious products.

These products are critical for Australia's
heavy construction materials industry, which
employs a further 30,000 directly and an
estimated 80,000 people indirectly™.

The Australian cement sector offers a wide
range of employment opportunities in
operational and functional roles, including

trades, engineers, drivers, customer service
professionals,
specialists.

accountants and sales

All CIF members have a strong focus on the
safety and wellbeing of their employees as
they strive to deliver value for investors,
communities and customers.

The
Australian cement industry has remained
consistent over the last 5 years.

level of direct employment in the

This highlights the stability of the sector
and the importance of maintaining the
international  competitiveness of the

industry into the future.

Source: Cement Concrete and Aggregates Australia
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Health & Safety

CIF member companies remain committed to maintaining the health and safety of all
people involved in the manufacture and use of clinker, cement & cementitious

materials.

All CIF member companies have programs
and measures in place focused on
promoting awareness of health and safety in
their organisations.

These include risk analysis and ident-
ification, critical control variations, safe
transport programs, injury prevention
programs, skills and behaviour systems, as
well as hazard and incident reporting.

Adbri's Safety Step Change program, winner
of the South Australian 2021 Premier's
Awards in Energy and Mining, leveraged
input from across the organisation to
develop a cultural change initiative that has
led to significant improvements in safety
performance at sites.

Boral has established a refreshed health,
safety and environment strategy with the
key objective of preventing serious harm
incidents.

In 2021 Boral reported a 67 per cent
reduction in their actual serious harm
incident rate and a 53 per cent reduction
in their potential serious harm incident
frequency rate.

Cement Australia established a fresh
approach to critical control management
with a focus on control performance,
understanding and verification.

Cement Australia continues to focus on
fostering a proactive and learning
environment  whereby  workers  are
empowered to work together to improve
workplace health & safety standards.

Cement Australia continues to see a
decrease in injury severity with increasing
Hazard and Near Hit reporting.

Eliminating workplace injuries remains a
key focus for all CIF members.

COVID-19 Opportunities & Challenges

The COVID-19 pandemic has led to the development of additional health

and safety measures, as well as support services, across all CIF member

operations. Examples include hygiene practices, social distancing protocols,

vehicle and driver tracking (to support contact tracing efforts), vaccination

leave, as well as supplementary paid leave due to COVID related site

closures.

COVID-19 Business Continuity and Vaccination Plans are in place across all

CIF member manufacturing plants and supply chains. Strict safety and

operational measures are also being enforced to ensure the health and

wellbeing of our people and related communities.

CEMENT INDUSTRY FEDERATION



Clinker & Cement Production

Cement is a critical ingredient in concrete, one of the most used materials in the world
and essential for the built environment as we know it. Not surprisingly, Australian
cement production is closely linked to population growth. With strong growth, the

demand for cement increases.

Australian  cement manufacturing was
recognised as an essential service during
the height of the COVID-19 pandemic and
CIF members were able to continue to safely
operate.

Despite this, the Australian economy was
significantly disrupted as each jurisdiction
enacted measures to manage the crisis -
both directly and indirectly impacting
demand for cement and cementitious
products over the period.

Clinker production was 5.26 million tonnes
in 2020-21 (Figure 9), up 2 per cent year-
on-year but down 5 per cent over 2015-16
and 19 per cent below 2010-11 levels.

Clinker imports (including non-CIF member
imports) were 3.96 million tonnes in 2020-
21, down 2 per cent year-on-year and still
close to record levels reported in 2018-19.

Cement production was 9.60 million tonnes
(Figure 10), down 1 per cent year-on-year.
2020-21 production was slightly higher than
2015-16 and 9 per cent higher over the
decade. Cement imports (including non-CIF
members imports) were 0.57 million tonnes,
down 19 per cent year-on-year and 29 per
cent higher than in 2010-117

Overall Australian total cement production
(from both domestic and imported clinker)
has increased by around 10 per cent over
the last decade, underpinned by sound
management and our industry’s
commitment to supplying quality products
to our customers.
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Figure 9: Clinker Production and Imports
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Figure 10: Cement Production and Imports

“ Source: CIF Survey and Australian Bureau of Statistics

CEMENT INDUSTRY FEDERATION

10



Energy Use

A cement manufacturing plant requires significant amounts of energy, mainly in the
form of heat, to produce clinker. Significant amounts of electricity are then required
during the milling (grinding) of clinker and other constituents to produce cement - the

main binder in concrete.

For integrated cement plants, energy in the
form of heat is required to raise the kiln
temperature to over 1,450 degrees Celsius
required to produce clinker.

This heat is predominantly generated using
coal or natural gas as well as an increasing
amount of alternative fuels.

In total Australian cement producers
consumed around 19.7 PJ of thermal
energy, down 3 per cent year-on-year and
down 30 per cent since 2010-11 (Figure 11).

Of this 57 per cent came from coal, 24 per
cent from natural gas, 1 per cent from die-

2010-11 2015-16 2020-21
m Total Thermal Energy

30
25
20

Gigajoules
&

=
=]

o W

Figure 11: Total Thermal Energy Use

56%

sel oil and other fuels. The remaining 18
per cent was derived from alternative fuels
such as wood waste, solvents, used oil,
spent pot liner and carbon powders (Figure
12).

In terms of electricity usage, cement
milling - the grinding of clinker, gypsum
and other materials as required - accounts
for around 56 per cent.

A further 28 per cent is used in the
production of clinker (i.e. preparing the
raw meal and operating the kiln), with the
remaining 6 per cent used to power other
ancillary services on site (Figure 13).

Alternative
Fuels

24%

Energy Sources

Figure 12: Energy Sources

38%

m Cement Milling

Figure 13: Electrical Energy Use

m Clinker Production

m Other
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Alternative Fuels & Raw Materials

The coprocessing of alternative fuels and raw materials (AFRs) in cement
manufacturing is a safe, proven method for the utilisation of waste and industrial
byproducts that is ecologically sound and benefits both industry and society alike.

AFRs are materials such as used tyres, waste
wood, used oil, spent solvents and other by-
products and wastes that can be used to
replace coal or gas as a source of thermal
energy in the cement manufacturing process.

These materials can also replace a portion of
the virgin raw materials required to produce
cement.

It's a win for the environment: the safe use of
AFRs reduces the reliance on traditional fossil
fuels and associated greenhouse gas emissions.
Certain AFRs have also been shown to reduce
other combustion-related emissions (such as
airborne nitrous oxide).

It's a win for the community: the unique
process environment allows for the utilisation
of a wide variety of wastes and industrial by-

k h
b

hY

Recovery  _ _ 1 §
Disposal \._

Minimisation 4

products — reducing the amount of waste
deposited in landfills and contributing to the
circular economy in general.

It's a win for industry: the ability to operate
with a mix of fossil fuels (coal or gas), waste
materials and industrial by-products reduces
environmental emissions, improves resource
efficiency and provides security of supply.

From a waste hierarchy perspective,
coprocessing can be considered as the next
best option after material recovery (Figure
14), as AFRs in general provide both material
and energy components.

Today, all CIF members are working hard to
increase the safe uptake of alternative fuels
in their operations. In 2020-21 average AFR
usage in Australia was 18 per cent (up from
7% in 2010-11).

A
."J-
b
s
s

Figure 14: Waste hierarchy including co-processing
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Cement Industry & Emissions

The Australian cement industry has a long history of reducing its carbon dioxide
equivalent emissions — having delivered over 25 per cent reduction in total emissions

over the last decade.
Total emissions from the integrated
production of clinker and cement were 4.7
million tonnes CO,, in 2020-21 (Figure 15).
This represents a 5 per cent decrease over
2019-20 levels.

There are three main sources of carbon
dioxide emissions associated with cement
manufacturing: process emissions (Scope 1),
thermal emissions (Scope 1) and indirect
emissions (Scope 2).

Process emissions result from the chemical
reaction that occurs during the calcination
(heating) of limestone to form clinker and
carbon dioxide.

Process emissions accounted for around 60
per cent of 2020-21 total emissions and are
the main reason why cement manufacturing
is often referred to as a harder-to-abate
sector (Figure 16).

Thermal emissions accounted for around 28
per cent of total emissions and result from

Scope 1

Limestone —» Clinker + Carbon Dioxide

60%

0% 20% 40%

®m Process Emissions

® Thermal Emissions

the use of fuels such as coal and gas to
generate the high temperatures (1,400-
1,500 degrees Celsius) required to form
clinker.

Indirect emissions associated with
electrical energy usage accounted for
around 12 per cent in 2020-21.

70
6.0
5.0
40
3.0
20
10
0.0

Million Tonnes

2010-11  2015-16

® Direct Emissions

2020-21

¢ Indirect Emissions

Figure 15: Cement Industry Total Emissions

Scope 1 Scope 2
Heat (fuels) Elect-
ricity

28%

60% 80%

w Indirect Emissions

Figure 16: Australian Cement Industry Emissions Profile
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Decarbonisation Pathways

Our industry acknowledges the critical importance of addressing climate-related
impacts, including those associated with the manufacture and use of cementitious
materials. This forms an important part of our social licence to operate and underpins

the ongoing sustainability of our sector.

While cement makes up around 12 per cent
of a typical concrete mix, it is the most
emissions intensive component due to the
nature of the manufacturing process.

However, successful decarbonisation of the
sector cannot be achieved by focusing on
cement production alone.

This will require action along the whole
cement and concrete value chain, including
cement and concrete customers,
developers, designers, building material
procurers, architects, standards authorities,
government and non-government agencies

ZERO EMISSION ELECTRICITY &
TRANSPORT

INNOVATION IN CONCRETE

USE OF SCMS IN CONCRETE

and concrete and cement manufacturers.

Decarbonisation Pathways for the
Australian Cement and Concrete Sector
(VDZ report), released in 2021, confirms
that the Australian industry’s ambition of
net zero carbon cement and concrete by
2050 is achievable.

VDZ identified eight decarbonisation
pathways (Figure 17) and ten areas of
innovation (Figure 18). Information on key
actions to-date for a number of the
identified innovation areas can be found in
the following sections.

NEW CO2 -EFFICIENT CEMENTS

ALTERNATIVE FUELS & GREEN
HYDROGEN

RECARBONATION

Figure 17: Identified Cement & Concrete Decarbonisation Pathways
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VALUE CHAIN ELEMENT INNOVATION AREAS

- Alternative Fuels with Biomass

- Carbon capture, Utilisation & Storage (CCUS)
- Green hydrogen

- Energy efficiency

Clinker

- Beneficiation of fly ash

Cement, Concrete
- Database on low carbon cement & concrete

- Specification of concrete durability by performance
- Potential for additive manufacturing & digitalisation
- Recarbonation

Cement, Concrete &
Construction

Construction - Resource-efficient design principles

Figure 18: Identified innovation areas along the cement & concrete value chain
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MEMBER

Adbri Net Zero Emissions

Roadmap

In 2022, Adbri
published its
commitment to net
zero emissions by
2050 and set
medium-term
targets of 20%
reduction in cement
intensity3 10%
reduction in lime
intensity and 100%
zero emissions
energy in its
Roadmap.

This builds on Adbri's performance to
date with a 32% reduction in
operational greenhouse gas (GHG)
emissions since FY10 and more than
$50 million invested in projects
delivering abatement outcomes over
the past decade.

The Roadmap adopts intensity metrics
for cement and lime as it provides the
strongest linkage between Adbri's
emissions and production footprint.

It also aligns with the Global Cement
and Concrete Association (GCCA)

commitments for its members and
allows  for  comparability  and
transparency across the sector.

As a pioneer in the use of refuse
derived fuel (RDF) in Australia for
cement manufacturing Adbri
understands the value of collaboration
to accelerate new technologies.

Adbri is partnering with leading
technology  developers, research
organisations and industry partners to
commercialise at scale key
breakthrough technologies that are
critical to achieve its net zero emissions
goal.

Adbri's Roadmap prioritises three key
actions: reduce emissions, create new
products, and collaborate with key
partners. Under each of these actions
they have identified several near-term
and future opportunities they will
pursue.

A number of opportunities are already
underway including:

o Committing to phase out coal by
2024 at its Munster, Western
Australia facility. The focus on
decarbonising its operations was a
catalyst in making this business
decision. Munster is the only Adbri
facility that uses coal as a fuel
source.
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e Partnership with AGL to explore
opportunities to use hydrogen as a
fuel source at its Birkenhead and
Angaston operations to reduce its
reliance on natural gas

¢ Planning to increase the use of RDF
consistent with Adbri's 2024 target
of 50% kiln fuel sourced from
alternative fuel in South Australia.

A key part of Adbri's Roadmap is to
build market understanding of the
challenges that exist to decarbonise its
two energy-intensive and hard-to-
abate processes — the manufacturing of
cement and lime.

Although Adbri has taken action to
reduce its emissions, it recognises that
it can't advance the transition to a low
carbon future alone and support from
government, industry and customers is
vital.

3

Reduction in cement intensity (kg CO2e net/tonne) from a FY20 baseline

CEMENT INDUSTRY FEDERATION
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Pathway: Carbon Capture, Use and Storage

Carbon capture, use and storage (CCUS) will be the most significant mitigation
measure for cement manufacturing emissions that cannot be reduced by

conventional means.

VDZ estimated that CCUS would be
required to account for around 33 per
cent of the projected emissions
reductions required by 2050.

Cement plants are well suited to carbon
capture due to the high carbon dioxide
concentration of the flue gas, which is

less polluted by other environmental
emissions relative to other industrial
sources.

While the CCSU concept is complex and
highly capital intensive, it is recognised
as a key technology required to deliver

net zero emissions from many industrial

sources by 2050 - including cement
production.
The VDZ report found that capture

technologies are currently available for
testing and implementation and that
CCUS demonstration projects covering
the whole carbon dioxide value chain are
expected before 2030.

However, the cost ranges for the various
carbon capture technologies as well as
for transport, storage and utilisation were
found to be significant.

Update on Current & Future Action

e A CCUS Roadmap for Cement & Lime is currently under development through the HILT
CRC - lead by the CSIRO (see page 18). The Roadmap is due for completion by mid-2023

and will inform future research options.

e CIF members are also actively investigating CCUS technology options:

o Adbri has partnered with Calix on a feasibility study on low emissions technology for

lime kilns

o Boral is looking to pilot and implement a mineralised carbon product stream and will
explore and implement emerging CCUS technologies

o Cement Australia is undertaking a feasibility study of carbon use technology into the
implementation of carbon use technology at one of its plants.

CEMENT INDUSTRY FEDERATION
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CCUS ROADMAP FOR CEMENT & LIME

A Roadmap for carbon capture, utilisation and storage for production of low
emission cement and lime in Australia is currently being developed as part of
the Heavy Industry Low-Carbon Transition Cooperative Research Centre (HILT
CRQ).

Expected outcomes include:

HILT

e A review of the CCUS technologies (including sequestration and utilisation
options and related transport requirements) which are relevant to Australian

cement and lime production and their Technology Readiness Level (TRL)

e Identification of current and future Australian cement and lime plants which

can adopt CCUS technologies

e Identification of priority capture technologies (including sequestration and
utilisation options and related transport requirements) and defining further
research needs that will underpin the CCUS technology roadmap for low

emissions cement and lime in Australia.

This project, due for completion in March 2023, will inform the development of
future research priorities and objectives on CCUS for the Australian cement and

lime industry.
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CASE
STUDY

BURAL

Boral 2030 Targets and
Commitment to Net Zero

In 2021, Boral
announced its
commitment to net
zero carbon
emissions by no
later than 2050 - as
well as 2030
targets alighed
with the most
ambitious aim of
the Paris Agree-
ment to limit global
warming to 1.5°C.

Boral has set climate targets for Scope
1, and 2 emissions on an absolute basis
for 2025 (18%) and 2030 (46%) relative
to a 2019 baseline — as well as a
physical intensity target for Scope 3
emissions by 2030 (22% reduction per
tonne cementitious materials).

Boral also announced that it had
joined the Science Based Targets
initiative (SBTi) Business Ambition for
1.5°C and UNFCCC Race to Zero — and
that the 2030 targets had been
validated by SBTi.

As Australia’s largest integrated con-
struction  materials company,
Boral's

strategy is heavily focused on leading
innovation in sustainability through
decarbonisation of its cement and
other construction materials
businesses.

Five key levers underpin Boral's climate
targets. These are:

e Energy: by

¢ Cementitious

e By exploring emerging

transitioning  to
renewable electricity, increasing the
use of alternative fuels at its
Berrima Cement kiln and improving
energy efficiency

intensity: by
optimising the energy efficiency of
its Berrima Cement kiln and
accelerating adoption of its leading
lower carbon concrete product
range, including ENVISIA®,
Envirocrete® and Envirocrete®Plus

e Transport: by optimising supply

routes, and
fleet

chain logistics and
exploring alternative fuel
options

e Sourcing: by prioritising lower

carbon intensity suppliers, and

carbon
capture use and storage (CCUS)
technologies.

Work is underway on initiatives across
each of these levers in addition to on-

going investment in R&D, positioning the
business for transition and working with
the right business partners and suppliers.

As an example, Boral is transitioning its
Berrima Cement kiln fuel away from coal,
increasing energy derived from alternative
fuels from 15 per cent to 60 per cent, as
well as exploring hydrogen and renewable
gas.

Boral has committed to regular progress
reviews against the targets, including
reassessing and reprioritising initiatives.

CEMENT INDUSTRY FEDERATION
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Pathway: Alternative Fuels & Green Hydrogen

There is scope to continue the growth in the use of alternative fuels in Australian
cement manufacturing to offset the use of fossil fuels and associated emissions - with a
particular focus on wastes with a high biomass content and the potential for innovative

alternative fuels such as green hydrogen.

Australia has a high potential to further
substitute fossil fuels with alternative
waste-based solutions.

This includes expanding the existing use of
alternative fuels (e.g. demolition wood
waste and, recycled oils/solvents) as well as
new fuel sources such as used tyres and
refuse derived fuels.

VDZ found that future alternative fuels will
also be based on waste with high biomass
content. This will lead to fuels with lower
emission factors - taking into account a
higher biomass content of about 50-60 per

cent in the alternative fuels. In addition,
green hydrogen has the potential to offset
traditional fossil fuels to at least 10 per
cent of the total fuel mix.

While this is currently seen as the
technical limit given existing technology -
further research is underway
internationally to determine if higher
levels are possible.

The development of a «clean and
competitive hydrogen industry in Australia
will be critical and should be a key focus
for current and future governments.

Update on Current & Future Action

e The CIF and its members continue to actively communicate the benefits associated with

the coprocessing of alternative fuels and raw materials as a key decarbonisation pathway.

e The CIF continues to advocate for a consistent approach to waste policy in general and
energy to the various energy from waste policies specifically across the various

jurisdictions.

e CIF members are actively working to further develop existing AFR streams (e.g. demolition
wood waste, recycled oils & solvents, spent pot liners) and to identify and characterise
future waste streams (e.g. used tyres, refuse derived fuels).

e The CIF is in early discussions with key research organisations to undertake a study on the
use of alternative fuels in cement and lime kilns - including the potential role of green

hydrogen in the future fuel mix.

e The CIF is engaging with other international cement bodies to share knowledge on
existing and planned projects related to the use of hydrogen in cement manufacturing.

CEMENT INDUSTRY FEDERATION
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Pathway: Recarbonation (Carbon Uptake)

Carbon emissions from the production of cement, a key component of concrete, are
partially adsorbed during the lifetime of a concrete structure and after its end of life
through a process called recarbonation. As this process is 'putting back' carbon dioxide
that was removed during the calcination of limestone, the term recarbonation is

generally used.

Cement recarbonation, also known as
concrete carbonation or carbon uptake, is a
natural process where concrete reacts with
carbon dioxide in the air.

Theoretically, the amount of carbon dioxide
that can be reabsorbed is equal to all of the
emissions that occur during the calcination

of limestone to produce clinker/cement.

These are referred to as unavoidable
process emissions and account for around
60 per cent of total emissions from cement
manufacturing.

The VDZ Report took a conservative
approach when looking at recarbonation as

a decarbonisation pathway - and assumed
that recarbonation accounts for 20 per cent
of process
Australia.

carbon dioxide emissions in

VDZ also recommended that the carbonation
potential
Australian cement and concrete

should be examined from an
industry
perspective.

This includes active carbon dioxide treat-
ment technologies (e.g.
elements carbon dioxide enriched
atmosphere), storing carbon in a mineralised
form (e.g. recycled concrete, masonry, steel
slag aggregates), as well as calculating the
potential carbon dioxide uptake in Australia.

curing concrete

in a

Update on Current & Future Action

e The CIF is working with key partner organisations, such as Cement Concrete and
Aggregates Australia (CCAA) and SmartCrete CRC, to progress the recommendations

made by VDZ in relation to recarbonation.

e Early research will focus on modelling recarbonation of cement emissions in Australia, and
a project is currently being developed (CCAA lead) with the aim of having a workable

model in place by early 2023.

e The CIF is working with other international associations through the Global Cement and

Concrete Association (GCCA) to promote the potential for inclusion of recarbonation as a

carbon sink in national emissions inventories.

e CIF member Boral Cement was awarded a $2.4m grant from the Australian Government
for a pilot scale carbon capture and storage project for recarbonation technology known
as mineral carbonation. This project aims to capture carbon dioxide from the Berrima
Cement plant and store it permanently in recycled concrete, masonry and steel slag

aggregates.
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Cement Australia
is the leading
cementitious

materials provider
to the Australian
market, proudly
investing in ways
to reduce CQ,
emissions and
over-all
environmental
footprint.

This has been achieved through
progressive upgrades to kiln technology
and equipment, as well as the
pioneering use of Supplementary
Cementitious Materials (SCMs) such as
fly ash and slag in the Australian
market.

Cement Australia is committed to
playing its role in delivering the
Australian cement and concrete sector's
decarbonisation pathway to net zero
emissions by 2050.

Aligned to this commitment the
Decarbonisation Roadmap prioritises
actions across the supply chain
designed to meet the Australian

Cement Australia
decarbonisation
pathway

national target of a 43% reduction
below 2005 levels by 2030.

These actions include increasing the use
of alternative fuels in cement kilns to
replace coal as well as the increased use
of SCMs.

Cement Australia’s subsidiary, Geocycle,
converts solid and liquid industrial waste
and by-products to produce an
alternative fuel that replaces coal used in
the cement making process. A capital
investment program is underway aimed
at significantly increasing the use of
alternative fuels at both its Railton and
Gladstone clinker kilns.

As the largest supplier of SCMs in
Australia, Cement Australia is
committed to accelerating the level of
substitution of cement by SCMs in
concrete.

To support this goal Cement Australia's
Queensland Research and Development
facility partners with customers across
Australasia to deliver lower embodied
carbon outcomes that meet their
customer's specific needs.

In 2021 Cement Australia's GreenCem
powdered admixture was launched -
enabling a step change in the amount
of SCMs that can be used in concrete
while enhancing critical performance
require-
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ments such as strength development and
shrinkage reduction.

Cement Australia's first renewable energy
based electric Prime Mover, developed in
Australia, will enter into service in 2022 for
use in the distribution of bulk cement by
road. Cement Australia aims to
progressively replace its diesel-fuelled fleet
over time.

The most difficult step in the
decarbonisation of our industry is how to
capture the CO, emitted by the underlying
chemical process of manufacturing cement
and then determining what to do with it.

To address this, Cement Australia is
partnering with an international provider to
undertake a feasibility study into the
implementation of carbon use technology
at one of its plants. This technology will use
CO,emissions as a raw material to produce
a net zero carbon value added product
ready for sale.

The decarbonisation of our industry has
been underway for many years and will
continue long into the future. Cement
Australia will continue to support the
development and implementation of
innovative  solutions to  deliver its
decarbonisation commitments.
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Pathway: Clinker Efficient Cements

Supplementary cementitious materials (SCM) are added to cement to replace a portion
of the clinker component (often referred to as mineral addition), thereby reducing the
emissions intensity of the various cement types.

The increased use of SCMs in cement
manufacture is a key decarbonisation
pathway for the cement sector.

VDZ found that the amount of clinker in
cement could be reduced from 84 per cent
in 2020 to 60 per cent by 2050 with the
appropriate measures.

SCMs currently in use include materials
such as unburnt limestone, ground
granulated blast furnace slag (GGBFS) and
fly ash.

These SCMs can be added at either the
cement manufacturing stage (to offset
clinker) or directly to concrete (to offset the
amount of cement required in the mix).

While adding SCMs at the cement stage is

common internationally, direct additions to
concrete have generally been preferred in
Australia - largely due to logistical
constraints and the regional nature of the
Australian cement manufacturing industry.

Reviewing standards and specifications in
terms of existing limits on SCM additions
will be an important first step - both in
terms of increased SCM use in existing
cement types (e.g. Type GP and Type GB),
as well as the development and uptake of
new CO2 efficient cements.

Also, ensuring sufficient supply of suitable
SCMs for use in both cement and concrete
will be critical in the context of forecast
growth in the use of these important
products.

Update on Current & Future Action

e The CIF, alongside CCAA, continues to advocate for Australian standards and spe-
cifications to be less prescriptive, more performance based and to include sustainability

elements wherever possible.

e Examples of the increasing development, acceptance and use of lower carbon cements
internationally are being documented to assist with stakeholder discussions - e.g. 44
state authorities in the United States of America now recognise portland-limestone
cement in specifications for concrete pavement, bridges and other structures.

e The CIF and CCAA continue to engage with key stakeholders regarding clinker efficient
cements and concrete through bodies such as the Green Building Council of Australia
(GBCA) and the Materials & Embodied Carbon Leader's Alliance (MECLA).

e Beneficiation of Australia's significant supply of stockpiled fly ash was identified as an
innovation pathway by VDZ and has been flagged as a key research priority by the

industry.
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Other Important Decarbonisation Pathways

The decarbonisation pathways

covered above relate specifically to cement

manufacturing, however action will be required across the entire cement and concrete
value chain for the industry to successfully decarbonise by 2050, including:

ZERO EMISSION ELECTRICITY &
TRANSPORT

Decarbonising Australia's electricity network
by 2050 or earlier, whilst ensuring electricity
remains reliable and affordable  will
contribute to emissions reductions in our
industry. Support for and adoption of
competitive technologies, energy sources
and transport infrastructure will also be
required.

Innovation through design and construction
will also contribute to significant emissions
reductions for the cement and concrete
sector. This will be achieved through material
efficiency, specification of lower-carbon
concrete  and improved  construction
technologies.

Innovation in concrete has arguably been
occurring for centuries and continues to be
an ongoing process. Further opportunities
include improving mix design and mix
technologies, developing the right balance
between prescriptive and performance based
standards, as well as reducing fresh concrete
waste.

SCMs can also be added to concrete to
reduce the amount of cement required and
therefore reduce emissions. As such the
availability of SCMs (e.g. fly ash and blast
furnace slag) will be critical - particularly in
the context of the expected ramping down of
coal-fired power stations and potential
changes to the steel making process.
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