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Abstract: In recent years many industry groups and government bodies associated with the supply or use
of concrete (and associated products) have published policy statements regarding reduction of greenhouse
gas emissions, and/or more detailed plans for achieving net zero emissions in the production and use of
concrete.

In this paper a range of Australian and international publications are reviewed, with particular attention to
the following questions:

e Do they provide a reasonably detailed pathway to achieving net zero emissions?

e Are the technologies proposed to be used at or close to a stage where implementation will be
practical in the near future, or are major technological advances required?

¢ Are the proposals from different groups reasonably consistent, or is more interaction between these
groups required?

e Will the proposed changes involve significant additional cost, and if so how will this be implemented
in market economies?

e What are the opportunities for significant innovation in the supply and use of concrete to reduce
greenhouse gas emissions at minimum cost?

The paper will summarise the chosen publications and provide recommendations for areas where further
investigation and research may be required.

Keywords: Climate change, CO2 emissions, net zero, decarbonisation, recarbonisation, clinker reduction,
SCMs, carbon capture use and storage

1. Introduction

There have been significant levels of research and implementation of measures to reduce greenhouse gas
emissions for many years, but this has accelerated in recent years, with all the policy statements examined
in this paper having been published over the last two years. There is a broad consensus between these
publications on general targets, and general principles and procedures to reach these targets, but there are
many differences in more detailed recommendations, and areas where significant changes will be required
to implement procedures in practice.

The publications reviewed in detail were:

e Low Carbon Concrete Routemap (1), published by the UK Green Construction and The Institution
of Civil Engineers (ICE) in April 2022.

e Decarbonisation Pathways for the Australian Cement and Concrete Sector (2), developed by the
research group VDZ on behalf of The Cement Industry Federation, Cement Concrete and
Aggregates Australia, SmartCrete CRC, and RACE for 2030 CRC, and published in October 2021.

e The GCCA 2050 Cement and Concrete Industry Roadmap for Net Zero Concrete (3), published by
the Global Cement and Concrete Association in October 2021.

¢ Roadmap to Carbon Neutrality (4), published by the USA Portland Cement Association in January
2022.

e The UK Concrete and Cement Industry Roadmap to Beyond Net Zero (5), published by UK
Concrete in October 2020.



2. Review of referenced publications
2.1 Low Carbon Concrete Routemap

The UK Green Construction Board and The Institution of Civil Engineers (ICE) jointly published their “Low
Carbon Routemap” in April 2022. Its sub-heading is “setting the agenda for a path to net zero”, and of the
documents with detailed recommendations it is one of the widest ranging. The recommendations are
divided into three general areas:

1. Defining and benchmarking the carbon in concrete.
2. Best practice in using concrete.
3. Best practice in making concrete.

These three areas are divided into seven strands, that will be used as the basis of discussion later in this
paper. Three alternative routes are described, relying on different levels of external sequestration to reach
net zero, or in one case aiming for net emissions to be negative.

In spite of the focus on the overall life-cycle emissions associated with concrete structures, there is limited
discussion of optimisation of the use of reinforcement or prestressing, or optimisation of building design to
minimise in-service emissions.

Further publications by the ICE are “ICE response to the Review of Net Zero call for evidence” (6) published
in October 2022, and “Financing and funding net zero” (7) published in November 2022. These papers
provide further comment on actions required for the practical implementation of emissions reduction plans,
and the likely impact on the construction sector and the wider community.

2.2 Decarbonisation Pathways for the Australian Cement and Concrete Sector

The report “Decarbonisation Pathways for the Australian Cement and Concrete Sector” was prepared by
the research centre VDZ on behalf of the Cement Industry Federation (CIF), Cement, Concrete and
Aggregates Australia (CCAA), the SmartCrete CRC and the RACE for 2030 CRC.

As for the UK report, this report focusses on decarbonation through optimisation of the manufacture and
use of concrete, but does include some consideration of broader design optimisation, including the use of
concrete thermal mass to reduce emissions due to in-service heating and cooling.

Targets are given for 8 categories of decarbonisation to be achieved by 2050, but without intermediate
levels set. It is recommended that there should be a formal review of progress at least every five years.

2.3 GCCA 2050 Cement and Concrete Industry Roadmap for Net Zero Concrete

“GCCA 2050 Cement and Concrete Industry Roadmap for Net Zero Concrete” presents a global perspective
on reaching net zero. The report describes 2020-2030 as “the decade to make it happen”. The focus of the
report is strongly on emissions directly related to cement and concrete. Seven areas of action are defined,
with percentage reductions specified for 2030 and 2050. In spite of the nomination of the current decade
as the decade to make it happen, the great majority of emissions reductions are allocated to 2030-2050.

2.4 Roadmap to Carbon Neutrality

As the peak industry organisation of the USA cement industry, the Portland Cement Association produced
their report “Roadmap to Carbon Neutrality” with a strong focus on concrete, and particularly cement
production. Nonetheless they recognise the importance of the other components of CO2 emissions related
to the construction industry and emphasise the need for collaboration with other organisations. The report
discusses the potential for carbon pricing, which although not forming an integral part of the roadmap is
seen as having the potential to play a significant role on the road to carbon neutrality.



2.5 UK Concrete and Cement Industry Roadmap to Beyond Net Zero

The report “UK Concrete and Cement Industry Roadmap to Beyond Net Zero” was prepared by UK
Concrete, which is a part of the Mineral Products Association (MPA). It is focussed on achieving, and
exceeding, net zero emissions for cement, and specifically excludes concrete aggregates and admixtures,
as well as reinforcement. The overview of the roadmap states that it does not include any savings
associated with more efficient design, however the largest contributor to reductions “beyond net zero” is an
allowance for energy savings associated with efficient use of the thermal mass of concrete.

The report recognises the need for government action in making the net zero goal achievable, including:

e Improving accounting of CO2 emissions and reductions, including ensuring that emissions in
imported products are fully accounted for, and that sequestration of CO2 in the carbonation of
concrete is included.

e Ensuring that necessary regulations for CO2 reduction are implemented.

e Providing financial support to assist energy intensive industries to reduce emissions.

e Providing the necessary infrastructure for the transport and storage of captured CO2.

2.6 Other publications

In the Australian context, the following more general publications are relevant to the path to net zero for the
concrete industry:

e “Our position on climate change” (8) is a short general statement by Engineers Australia published
in October 2021, recognising the urgent need to reduce CO2 emissions, and emphasising the
pivotal position of engineering in that process.

e “Climate Action” (9), also by Engineers Australia and published in October 2022, outlines an action
plan developed as part of the Climate Smart Engineering Initiative (CSEI). The stated purpose of
the CSEI is “to support engineering innovators and changemakers to discuss, partner and
collaborate on climate solutions in their professional lives”.

e “The Economic Impact of the ALP's Powering Australia Plan” (10) by Reputex Energy is a
government funded review of their Powering Australia Plan, analysing the effects of the plan on
emissions and the economy.

3. Proposed actions to achieve net zero
3.1 Defining and benchmarking the carbon in concrete

The need for a better definition of concrete GHG emissions is widely recognised. All the reports emphasise
the need to ensure a fair system compared with imported materials and alternative materials:

e Accounting must include the CO2 absorbed by concrete over the life of the structure
(recarbonation).
e CO2 emissions associated with imported materials must be included, to avoid “carbon leakage”.

In addition, CO2 benchmarks must be applied to all projects, with target emission levels reducing over time.
Alternative proposals include:

e Emission requirements to be defined by clients, with regular updates of benchmarks (1, 5).

e Existing voluntary requirements to be extended, with engagement plans developed by industry
bodies (2).

e Carbon pricing to ensure a level playing field, including accounting for recarbonation (3).

3.2 Using concrete
3.2.1 Knowledge transfer

All the reports recognize the need to transfer knowledge of new and changed procedures to all
involved in the use of concrete. Actions required to achieve this transfer of knowledge include:

e Document new and revised procedures



3.3

e Update of all concrete related standards

e Updated university courses at all levels

e Transfer of knowledge of new and revised procedures to all working in concrete engineering
practice

3.2.2 Design and specification

The need for design optimization is a key part of all the reports, with the emphasis placed on
minimization of total concrete use and cement content. Further design areas where significant
reductions in CO2 may be made include:

e Improving the efficiency of building heating and cooling systems using the thermal mass of
concrete.
e Design to maximise recarbonation

A key change to current standards recognized in all the reports is to replace prescriptive minimum
requirements for cement content, and maximum limits for SCMs, with performance specification
requirements that will allow reduction of CO2 emissions, whilst maintaining or extending the design
life of the structure.

Design optimisation to minimise reinforcement also has the potential to significantly reduce overall
emissions for the structure, but this was not considered in any of the reports.

3.2.3 Supply and construction

The reports focus on procurement procedures taking account of emissions, improved efficiency of
construction procedures and avoidance of waste, and reclamation and re-use of materials from
demolition.

A further change that would allow a significant reduction in cement content is modification of
construction procedures to reduce the need for early age strength. Implementation without excessive
delays to construction would require consideration of this objective at design time.

Making concrete
3.3.1 Optimising existing technologies

The major savings in emissions from concrete production are in reductions of clinker content through
increased use of SCMs and mix design optimisation. This has been the major source of emissions
reduction to date and there are significant further reductions possible using existing technology, but
this will require modifications to specifications at all levels, and to maximise potential reductions will
require changes to design and construction procedures.

Further significant savings are possible through improvements in efficiency and use of alternative
fuels in cement production and minimising emissions in clinker production through the use of
alternative materials.

3.3.2 Adopting new technologies

The use of alternative cements, or partial replacement of clinker as the binder component, provides
opportunities for significant reductions in emissions. The focus of the reports is on the increased use
of calcined clay as a clinker replacement. The UK Green Construction/ICE (1) and VDZ (2) reports
also discuss the use of alkali-activated cementitious material (AACM) / geopolymer concretes.

Concrete production also has significant levels of emission associated with heating, use of electricity
and transport. Decarbonisation of electricity supply and use of alternative fuels allows for significant
reductions of emissions in these areas.

3.3.3 Carbon sequestration

In spite of the reduced emissions from concrete production and increased efficiency in use outlined
in the previous sections, all the reports recognise that there will remain a significant usage of clinker
in concrete, and this will result in continuing emissions of CO2. All the reports provide for direct
sequestration of these emissions, rather than applying any form of carbon offsets. Sequestration is
provided by the uptake of CO2 by the concrete over its period of use and by carbon capture, use,



and storage (CCUS) during manufacture. In the Australian context sequestration provides 6%
through CO2 absorption and 33% through CCUS of the total CO2 reduction from current levels.

Sequestration through CCUS is the greatest single element in all the reduction plans reviewed for
this paper, but entails significant additional cost in all stages of the process, and will require high
levels of investment to reach the required levels of application within the required time-frame.

4 Discussion
4.1 Do the reports provide a detailed pathway to achieving net zero emissions?

All of the reports provided a good level of detail for actions related directly to the production and use of
cement and concrete, or in the case of the UK Concrete report (5) for cement only. Actions related to energy
supply, transport and sequestration are reliant on developments outside the concrete industry and cannot
be detailed to the same level.

Steel reinforcement and prestressing contribute a significant part of the total emissions of concrete
structures, and design optimisation including reinforcement results in additional savings in emissions (11).
All the reports however excluded steel emissions from their plans, and from recommendations for design
optimisation. This is likely to lead to non-optimal design in many cases.

4.2 Are the technologies proposed practical in the near future?

Many technologies for clinker reduction are currently available and offer cost savings. These will be adopted
to the extent permitted by applicable codes and specifications. Alternative cements are available but at a
cost premium and requiring substantial changes to work practices in production and use.

Decarbonisation of electricity supply and transport, and use of alternative fuels use existing technologies
but will require large investment both within and outside the concrete industry.

Processes for CO2 capture, transport, and use or storage still require major innovations to provide cost-
efficient solutions. Effective technologies in this area will be required to reach net zero emissions in many
areas in addition to concrete manufacture and use, and increased research and development should be
regarded as a priority for general CO2 reduction policy.

4.3 Is more interaction between active groups required?

The reports deal with the supply and use of concrete, with a strong focus on the manufacture of cement.
To be effectively implemented the proposed changes will need the support of designers, contractors, clients,
and government authorities. All of these groups have a wider perspective and may regard the use of
alternative materials as the fastest and most effective way to reduce CO2 emissions. Active interaction will
be required with all of these groups to ensure that:

e Emissions from alternative materials are treated on an equal basis, including accounting for
recarbonation, durability and structural design life, and in-service energy efficiency provided by
thermal mass.

e Standards and specifications are updated to specify performance requirements rather than
minimum cement or maximum SCM content.

e Regulations are updated to provide requirements and/or financial incentives for emissions
reduction.

e Emissions associated with imported materials are priced on an equal basis with Australian sourced
materials.

e The required infrastructure and research projects are adequately funded.

4.4 Will there be significant additional cost, how will changes be implemented?

The most significant additional cost is likely to be the introduction of by carbon capture, use, and storage
(CCUS), both for installation of the necessary infrastructure, and associated running costs. Introducing
CCUS at the level required to meet net zero emission targets will require government action that might
include:

e Pricing CO2 emissions at a sufficiently high level to make investment in carbon capture a viable
option.
e Purchase of captured C02 at a level sufficient to cover costs.



e Funding or subsidies for installation of carbon capture infrastructure.
e Strict implementation of legislated limits to CO2 emissions.
e Funding research to minimise costs of CO2 re-use or storage.

Minimising emissions associated with cement has lower cost but is often restricted by code and specification
requirements. The Australian Concrete Structures code, AS 3600 (12), has minimum strength requirements
for each exposure classification. The Bridge Design code for concrete, AS 5100.5 (13), has similar
requirements for minimum strength, and also specifies minimum cementitious material, and minimum and
maximum SCM ratios.

AS 5100.5 allows cement replacement levels outside the specified limits if a more detailed methodology is
used, but this must be “mandated by the authority” (Table 4.4.1(B), Note 2). AS 3600 has a general note
allowing “the development of a Performance Solution to demonstrate compliance with the relevant
Performance Requirements of the National Construction Code (NCC) and be accepted by the relevant
building authority” (Cl.1.1.1, Note 4). Neither of the Australian codes for concrete structures make any
reference to the need to design for minimisation of CO2 emissions.

4.5 What are the opportunities for significant innovation?

Innovation in use of SCMs, alternative cements and recycled aggregates has already resulted in large
reductions in CO2 emissions, and this can be expected to continue with continuing research and increasing
demand for low emission building products.

Innovation in design has been more restricted, and has been limited by prescriptive codes and
specifications, but has the potential for equally significant savings. Areas with the potential to enable
significant savings include:

e Durability design for aggressive environments using minimum cement content.

e Higher strength reinforcement.

e Post-tension precast members to allow high prestress levels with slower strength development
concrete.

e Optimising beam cross sections to minimise concrete volumes.

e Optimising building energy use using concrete thermal mass.

e Optimisation for minimum emissions with high performance and ultra-high performance concrete.

Implementation of CCUS for cement production will require extensive innovation. The Reputex report on
the government’s “Powering Australia Plan” (10) describes the plan’s “safeguard mechanism” providing for
offset of emissions from facilities emitting more than 100,000 tonnes of CO2 per year. The plan allows for
sequestration through carbon farming, but provides incentives for direct reduction of emissions through
efficiency improvements or carbon capture. Plans for the first Australian implementation of carbon capture
at a cement production plant have now been announced (14), with Cement Australia planning to install a

system with the claimed potential to capture 95% of emissions.
5 Conclusions

The reports reviewed in this paper provide rational and reasonable plans for reduction of CO2 emissions
associated with concrete production and use to zero or less without the use of carbon offsets. The proposed
methods of emission reduction are largely based on proven technologies, with the exception of carbon
capture, use, and storage (CCUS), which will require extensive further development.

For successful implementation the plans will require extensive government support and backing from related
industry bodies and professional associations:

e Carbon capture will require significant capital expenditure and ongoing costs. Some form of
financial incentive will be required if this process is to be adopted.

e Costs associated with CO2 emissions must be reflected in charges on imported material to avoid
“carbon leakage”.

e (CO2 transport and storage will require government funding for research and development of the
necessary infrastructure.

Optimising the efficiency of the use of SCMs and alternative clinker products will require extensive
amendments to codes and specifications at both federal and state level to replace prescriptive requirements
with a performance-based approach.



Optimising designs to minimise emissions should include emissions due to reinforcement and prestressing
as well concrete. Comprehensive optimisation of design and construction processes will provide extensive
opportunities for innovation.

Successful implementation of plans to achieve net zero CO2 emissions from the use of concrete will require
active interaction between all bodies involved with the use of concrete, with the wider construction industry,
and with government and regulation bodies at all levels.
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