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Abstract: The use of sustainable and low carbon footprint concrete has gained significant traction in 
Australia, particularly since 2021 with greater reduction goals at the federal, state and local government 
levels. These goals are also being endorsed by engineering design and construction companies for 
projects where carbon dioxide reduction goals are being put into contract documents.

Cementitious materials discussed include standard pozzolanic additions, geopolymers and novel 
cements, as well as aggregate substitutions including glass and manufactured aggregates. 
Reinforcement substitutes are also briefly discussed.

When replacing standard materials, durability factors including strength development, chloride and 
carbonation resistance need to be considered. Evaluation of these factors are presented based upon 
several recent project examples.

While there are many cementitious and other materials that are available to help reduce embodied CO2, 
barriers exist relating to availability, code and specification acceptance of these materials. Both 
cementitious and aggregate replacements are discussed along with practical replacement levels.

For example, AS 5100.5 for Bridge Design references AS 1379 for concrete which defines cement as a 
hydraulic binder comprised of Portland or blended cement used alone or combined with one or more 
supplementary cementitious materials (SCMs). Thus, alternative cements are not covered by 
AS 5100.5, restricting their use. Further, state specifications may not permit goals that are already 
permitted by the standards, such as maximum permitted SCM additions.

This paper outlines potential materials, opportunities, and barriers in the use of sustainable and concrete 
materials with lower CO2 footprints.
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1. Introduction 

As part of the Paris Climate Agreement, Australia submitted emissions reduction commitments known 
as Nationally Determined Contributions (NDCs).  

Australia submitted its first NDC to the United Nations Framework Convention on Climate Change 
(UNFCC) in 2015 that was updated in 2022. The update commits Australia to reducing its emissions to 
43% below 2005 levels by 2030. This commitment has led government agencies within Australia to 
mandate sustainable and low carbon concrete targets for various projects.  

This work has led to consideration of a large number of strategies to reduce the carbon emissions within 
concrete; however, there are many areas where barriers exist to implementation of these goals. Within 
this paper, various barriers and goals will be discussed.

2. Definitions

Sustainability refers to the ability to meet the needs of the present without compromising the ability of 
future generations to meet their own needs. In the context of concrete, sustainability refers to the ability 
to produce and use concrete in a way that meets the current needs of society while minimising the 
environmental impacts of its production and use.

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement/nationally-determined-contributions-ndcs#eq-2#eq-2


The production and use of concrete should be as energy-efficient, as possible to minimise greenhouse 
gas emissions and other environmental impacts. The production and use of concrete should be as 
resource-efficient, as possible, minimising the use of natural resources and reducing waste. Concrete 
should be designed and constructed to be durable, to reduce the need for maintenance, repairs and 
replacements over time. Finally, concrete should be designed and constructed with recyclability in mind, 
to minimise the amount of waste generated and increase the potential for reuse and recycling.

By considering these factors, it is possible to produce and use concrete in a more sustainable way.

3. Measures of Sustainability for concrete

In order to determine concrete sustainability, it is important that suitable targets and methods of 
measurement are introduced. The sustainability goals generally rely on a reduction in certain factors 
compared with a base year, which is 2005 in the Paris Agreement.

There are a number of ways to measure the sustainability of concrete as shown below:  

Life cycle assessment (LCA) is a tool used to evaluate the environmental impacts of a product or process 
over its entire life cycle, from raw material extraction to disposal. LCA can be used to compare the 
sustainability of different types of concrete and identify areas for improvement.

The resource efficiency of concrete can be measured by evaluating the use of natural resources such 
as water, energy, and raw materials, as well as the amount of waste generated.

The recyclability of concrete can be measured by evaluating the potential for reuse and recycling at the 
end of its service life.

The carbon footprint of concrete can be calculated by evaluating the greenhouse gas emissions 
associated with its production and use. This can be used to compare the sustainability of different types 
of concrete and identify opportunities to reduce emissions. This information is commonly presented in 
the form of an Environmental Product Declaration (EPD).

The durability of concrete can be measured by evaluating its resistance to deterioration and damage 
over time, as well as its expected service life.

Each of these methods of measurement have advantages and disadvantage. The first relates to rules 
as to who is able to obtain credit for improving sustainability. For example, if material is produced that 
results in a waste product that is utilised in concrete, is it the user or the producer that can obtain the 
credit. Substantial discussions continue on appropriate sustainability accounting methods.  

4. Methods for Making Sustainable Concrete

General methods for making concrete more sustainable are shown below. These may be used 
individually or in combination with each other to obtain requisite effects



4.1. Recycled materials

Recycled materials are generally used as aggregate within concrete. This includes industrial waste, 
such as rubber, concrete and glass. Using recycled materials in concrete can reduce the demand for 
natural resources, lower greenhouse gas emissions, and reduce the amount of waste that ends up in 
landfills. It can also reduce the cost of concrete production and improve its sustainability.

4.2. Supplementary cementitious materials

Supplementary cementitious materials (SCMs) are materials that can be used in combination with 
cement to improve the properties of concrete. SCMs are typically byproducts of other industrial 
processes, such as the production of steel or the burning of coal, and can include materials such as fly 
ash, slag, and rice husk ash. While certain of the materials are well researched, some, such as rice husk 
ash are difficult to obtain in sufficient quantities to ensure sustained supplies.

SCMs have cementitious properties and can partially replace cement in concrete mixes. Using SCMs 
can reduce the amount of cement needed in a mix, which in turn reduces the carbon dioxide emissions 
associated with cement production. SCMs are often byproducts of other industrial processes and using 
them in concrete can help divert these materials from landfills. Finally, SCMs can improve the strength, 
durability, and other properties of concrete, which can lead to longer lasting and more sustainable 
concrete structures.

The long-term availability of SCMs needs to be understood as has been the most common method 
considered for reducing CO2 footprints in concrete. 

Australia has a significant number of coal-fired power stations located in the eastern states, including 
Queensland, New South Wales, and Victoria, which generate the majority of the fly ash. There are 
currently no coal-fired power stations in Western Australia or Tasmania and in South Australia, the last 
coal-fired power station was decommissioned in 2016. It is also less likely new coal burning power plants 
are to be built in the future as the nation meets climate agreement targets. 

Granulated blast furnace slag (GBFS) is a byproduct of the steelmaking process and as such is likely to 
remain a source of SCMs for the future.

Other SCMs are being considered and in 2022 AS 3582.4 (1) Supplementary Cementitious Materials, 
Part 4: Pozzolans — Manufactured was published. This will permit a wider range of SCMs to be used; 
however, until this is adopted by the concrete and building standards its use will remain limited. 



4.3. Low Carbon Cements/Alternative Binders

There are several low-carbon cements that have been used in concrete including:
1. Geopolymer and other reactive cements. 
2. Calcium sulfoaluminate cement. 
3. Magnesium oxide cements.

These low-carbon cements can be used to reduce the carbon footprint of concrete and improve its 
sustainability. They may also have other benefits, such as improved performance and durability, 
depending on the specific application.

Geopolymer and other reactive cements may be made from industrial waste materials such as fly ash, 
slag, and other byproducts. They generally have lower carbon footprint than Portland cement, however, 
some of the activators used in geopolymer concretes have high carbon footprints and may present 
manufacturing difficulties relating to health and safety. 

Calcium sulfoaluminate cement is made from materials that can be found in abundance in many parts 
of the world, such as limestone, gypsum, and bauxite. It requires less energy to produce and has a lower 
carbon footprint than Portland cement.

Magnesium oxide cement is made from naturally occurring minerals such as magnesite and dolomite. 
It has a lower carbon footprint than Portland cement and is highly durable, making it suitable for use in 
a variety of construction applications.

Efficient use of concrete admixtures may also result in improved sustainability by reducing water use or 
enable the use of less cement. As such, they are more an enabling technology, rather than a method to 
improve sustainability themselves. 

Certain admixtures can improve the energy efficiency of concrete by reducing the amount of cement 
required in a mix, which in turn reduces the energy required to produce the cement. 

Other admixtures can improve the durability of concrete, which can reduce the need for maintenance, 
repairs and replacements over time, saving resources and reducing waste. 

Admixtures can also improve the workability of concrete, making it easier to place and finish, which can 
reduce waste and improve efficiency on construction sites.

Using recycled materials such as crushed concrete or recycled glass as aggregates can help reduce 
the demand for natural resources and decrease the amount of waste generated.

4.4. Durability 

When replacing standard materials, durability factors including strength development, chloride and 
carbonation resistance need to be considered. 

Additives that reduce the concrete pH may result in reduced carbonation resistance; however, most of 
the current pozzolans improve the performance of concrete through reduced penetrability and improved 
chemical resistance. 

4.5. Transportation

The production and supply of concrete involves a substantial transportation and the carbon footprint 
associated with the transportation of materials is proportional to the distance the material must travel. 
Therefore, the carbon emissions produced by the transportation of concrete materials can be reduced 
by reducing the distance between the source of the raw materials, the production plant and the 
construction site. This generally means suppliers keeping the source of raw materials close to the point 
of manufacture and project managers purchasing concrete materials from local suppliers in order to 
minimise the total distance from source to site.



4.6. Recycling

Old, demolished concrete can also be recycled for use as aggregate in new concrete to help reduce its 
carbon footprint. Smith (2) notes there are two main advantages to recycling concrete:

1. It reduces the use of virgin aggregate and its associated environmental costs.
2. It reduces unnecessary landfill of valuable materials that can be recovered and redeployed.

However, the main source of carbon emissions associated with concrete is the production of cement. 
The cement content contained in concrete cannot be separated and so cannot be reused or recycled.

At present, most recycled concrete is used in road sub-base or as aggregate in the production of new 
concrete. The quantity of recycled concrete may be variable but in certain cities around the world, such 
as Chicago, it is frequently obtained from the refurbishment of concrete highways and roadways.

5. Barriers To Sustainable Concretes

There are barriers to the adoption of any new material and technologies.  Some of these are outlined 
below. The time for new materials to be brought to common use may be 10-20 years due to perceived 
and actual risks. This includes: 

• Awareness
• Is the material suitable to replace cement?

• Evaluation and Testing
• Has it been sufficiently tested over a long period?
• Corrosion, sulfate, abrasion, acids, admixture compatibility, health and safety?

• Availability
• Is there a suitable supply for the project?
• Is there suitable supply for the industry?

• Suitability for Production
• Health and safety review?
• Suitable tanks/silos?
• Effect on operations?

• Acceptance by Client
• Is the client willing to accept new technology?

• Acceptance in Codes/Standards/Specifications
• Will the material meet current codes and standards?

While there are many cementitious and other materials that are available to help reduce embodied CO2, 
barriers exist relating to availability, code and specification acceptance of these materials. Both 
cementitious and aggregate replacements are discussed along with the practical replacement levels.

For example, AS 5100.5 for Bridge Design references AS 1379 for concrete which defines cement as a 
hydraulic binder comprised of Portland or blended cement used alone or combined with one or more 
supplementary cementitious materials (SCMs). Thus, alternative cements are not covered by 
AS 5100.5, restricting their use. Further, state specifications may not permit goals that are already 
permitted by the standards, such as maximum permitted SCM additions.

The general lack of awareness regarding sustainable concretes may lead to resistance from 
stakeholders regarding its use. Griffin et al (3) and the World Business Council for Sustainable 
Development (4) noted that clients will have the greatest financial interest and long relationship with a 
structure and will thus often have a risk averse outlook to the use of newer materials, such as sustainable 
concretes, over more proven and conventional materials. Thus, gaining approval from stakeholders for 
the use of newer sustainable concretes may pose an issue.

In Australia, as with many parts of the world, transport departments of each state and territory are 
responsible for specifying the concrete used in infrastructure projects within their jurisdiction. These 
specifications may be based on the relevant Australian Standard, such as AS 3600-2009, "Concrete 
Structures," as well as other standards or guidelines specific to the transport sector.

For example, Transport for New South Wales (TfNSW) specifies the use of concrete in transportation 
projects in accordance with the New South Wales Roads and Maritime Services (RMS) Concrete 



Specification B80 (5), which is based on 
AS 3600-2009. The specification includes requirements for the design, materials, construction, and 
quality of concrete used in transportation infrastructure projects in New South Wales.

Other transport departments in Australia, such as the Victorian Department of Transport, may have 
conflicting specifications for the use of concrete in transportation projects within their jurisdiction. It is 
important to carefully review and understand the specific requirements for concrete in a given project to 
ensure that it meets the necessary performance and quality standards. 

When seeking to use sustainable concrete, the following information from the concrete producer needs 
to be understood: 

1. What sustainable materials are used in the production of your concrete?
2. How do you measure the sustainability of your concrete?
3. What is the carbon footprint of your concrete?
4. What is the LCA of your concrete?
5. What is the resource efficiency of your concrete?
6. What is the durability of your concrete?
7. How is your concrete recycled at the end of its service life?
8. What are the benefits of using your sustainable concrete compared to traditional concrete?
9. What are the potential challenges or limitations of using your sustainable concrete?
10. Can you provide case studies or examples of projects where your sustainable concrete has 

been used successfully?

Asking these questions can help you understand the sustainability profile of the concrete being offered 
by the producer and determine whether it meets your needs and expectations. It is also noted that 
producers of concrete and certifiers may not be willing to accept materials that are not under their 
complete control. For example, if a unique additive is specified, the concrete producer may not 
necessarily provide any performance guarantees and the risk of performance then lies with the specifier. 
This transfer of risk from the producer to the specifier often restricts adoption of innovative technologies.

One major barrier to the use of sustainable concretes will remain cost. While material costs of supplying 
a sustainable concrete might not be any more than a conventional mix, there are other costs associated 
with the use of sustainable concrete. 

According to the World Business Council for Sustainable Development (4), due to the lack of regulation 
and design standards for sustainable concretes, the process of specifying a sustainable concrete can 
take much longer compared to if a more conventional concrete was used. This can add considerable 
time, and thus cost, to a project. Additionally, there may also be a perceived cost associated with 
sustainable concretes due to a lack of awareness regarding their use.



6. Risks

Potential risks associated with using alternative cements for concrete are shown below:

Alternative cements may not perform as well as Portland cement in certain applications, especially in 
extreme environmental conditions or when subjected to prominent levels of stress. This could result in 
reduced durability and increased maintenance costs. 

They may be more expensive to produce than Portland cement, which could increase the cost of 
concrete and make it less competitive with other materials. 

Alternative cements may not be as widely available as Portland cement, which could limit their use in 
certain regions or for certain projects and they may not be compatible with all types of aggregates and 
admixtures, which could limit their use in certain concrete mixes. 

Alternative cements may also not be covered by the same standards and regulations as Portland 
cement, which could create uncertainty for designers and contractors.

It is important to carefully consider these risks when deciding whether to use alternative cements for 
concrete. It may be necessary to conduct testing and analysis to ensure that the alternative cement is 
suitable for the intended application.

There are several structures in Australia that have used alternative concretes to improve sustainability. 
Some examples include:

• Geopolymer concrete is made from industrial waste materials such as fly ash, slag, and other 
byproducts. It has been used in a number of structures in Australia, including the Adelaide Oval 
Redevelopment and the National Museum of Australia.

• Recycled concrete has been used in a number of projects in Australia, including the Adelaide 
Convention Centre and the Sydney Opera House.

• Low-carbon cements such as calcium sulfoaluminate cement and magnesium oxide cement 
have been used in a number of projects in Australia, including the Sydney Opera House and 
the Melbourne Convention and Exhibition Centre.

These alternative concretes can help reduce the environmental impact of concrete production and 
improve the sustainability of concrete structures. 



7. Conclusions

The use of sustainable and low-carbon concrete has gained traction in Australia since 2021, driven by 
federal, state, and local government reduction goals. Cementitious materials such as standard 
pozzolanic additions, geopolymers, novel cements, and aggregate substitutions like glass and 
manufactured aggregates are being explored. 

Strategies to make concrete more sustainable include using recycled materials, supplementary 
cementitious materials, low-carbon cements, alternative binders, increasing durability, reducing 
transportation, and increasing recycling. However, barriers to implementation exist, and discussions 
continue on appropriate sustainability accounting methods.

Barriers to sustainable concretes include cost, performance, lack of awareness, regulation, availability, 
and compatibility. Performance concerns may arise when using alternative materials. Lack of awareness 
among stakeholders may lead to resistance in adopting sustainable concretes. Regulations and 
standards may limit the use of alternative materials, and state specifications may not align with existing 
standards. Availability of sustainable materials may be an issue, and it's important to ask concrete 
producers about their sustainability measures. Lastly, compatibility between sustainable materials and 
traditional materials can pose challenges during implementation.

8. Acknowledgement

The authors of this paper wish to thank the Directors of Vinsi Partners for permission to publish the 
paper and their project colleagues as well as Vinsi colleagues for support of this work.

9. References

1. AS 3582.4:2002 Supplementary Cementitious Materials, Part 4: Pozzolans — Manufactured, 
Standards Australia.

2. Smith, J., “The design of tensile lapped splices”, Proceedings, 23rd Biennial Conference of the 
Concrete Institute of Australia, Gold Coast, Australia, pp 333-342.

3. Griffin C.T., Knowles, C, et al. “Barriers to the implementation of sustainable structural materials 
in green buildings”, Structures and Architecture - Proceedings of the 1st International 
Conference on Structures and Architecture, 2010. 

4. World Business Council for Sustainable Development, “Recycling Concrete”, The Cement 
Sustainability Initiative, 2009, Atar Roto Presse SA, Switzerland

5. QA Specification B80, Concrete Work for Bridges, Transport for NSW (TfNSW).


