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Executive summary

Key points

e The housing industry is an institution with recognisable ‘rules of the game’
that shape industry structure and actor interactions, which in turn will
shape responses to the development of a circular economy (CE) strategy.

e Understanding the structure of building-material supply chains is essential
for policy development seeking to reduce carbon intensity of new material
choice and use in the housing industry.

e Housing industry engagement with the CE and reducing greenhouse gas
(GHG) emissions by relying less on virgin materials and increasing reuse,
recycling and resource recovery will require development of efficient and
responsive ‘used’ materials markets.

Key findings

There has been limited consideration and engagement with circular economy (CE) principles within the residential
housing industry and its material supply chains. A starting point for informing the development of a CE is to analyse
the institutional arrangements of material supply chains that supply manufactured building materials containing
embodied GHG emissions to the residential housing industry. This type of analysis can assist in showing how the
housing industry and its supply chains can contribute to reducing GHG emissions by using low-carbon materials
and relying less on virgin materials. It can also assist by showing how the industry can close loops by reducing
waste through reusing, recycling and recovering resources in the industry and its supply chain.

The material flow analysis (MFA) found that data for tracking material stocks and flows throughout the residential
construction sector is inadequate. This applies to new and existing materials as they move into the construction
and demolition waste stream. A novel approach was developed, using top-down available datasets and bottom-up
generation of data. It showed that the use of concrete continues to increase, which is increasing the carbon intensity
of housing. Further, while the number of houses constructed each year has not changed significantly over the past
50 years, the size of houses constructed and the changes in materials have significantly increased the carbon
intensity of new housing. The improved understanding of material flows is important for developing an industry
CE. The analysis can be extended and improved through the development of better data systems.

AHURI Final Report No. 402 Building materials in a circular economy 1



Executive summary

Analysis of two sustainable housing developments in Victoria (The Cape and Nightingale Village) highlighted
the challenges facing the introduction of CE. Both case studies examined building design and construction,
and searched for practices that could be regarded as CE practices. The Cape builders sought to respond to
CE principles by facilitating stakeholder collaboration in the design, construction and occupation phases. At
the Nightingale Village—while the building life cycle was considered—the emphasis was on reducing costs and
meeting environmental objectives by reducing material use. These cases highlight the challenges the industry
faces. Some changes were easy, such as brick reuse, while others, such as timber reuse, were constrained by
concerns about structural integrity. Also, material reuse was constrained because of the lack of onsite storage
space between deconstruction and construction. Further, the cost of disassembly and material reuse incurs
costs that builders cannot meet on their own.

The research found through three case-study analyses of material supply chains—concrete, steel and timber
—that builders source materials from suppliers without assessing embodied carbon created by manufacture.

All three supply chains have local and global features, which means that reducing emissions requires governance
arrangements that span multiple jurisdictions. At a global level, high-emission concrete and steel industries have
committed to staged emission reductions. Their decarbonisation ‘pathways’ will require significant reinvestment
in plant and equipment, product innovation, and change in design and patterns of use in downstream supply chains.
Timber use in housing is bifurcated. It continues to be used extensively in detached residential housing. However,
its proposed use in the multi-unit apartment industry has stalled. Because the proportion of multi-unit apartment
housing is increasing, this means that the carbon intensity of housing as a whole is increasing. Material supply-chain
decarbonisation and CE development will require close attention to supply-chain institutional arrangements and
collaborative reform supported by broader public policy.

Policy development options

Important policy issues and possible policy responses were identified during the course of the research, which
focussed on:

* mapping and analysing the flow of materials into and out of the housing system, and the availability and quality
of the necessary data

« design and onsite decisions about material choice and material reuse for low-rise and multi-unit apartment
housing construction

« theinstitutional arrangements of manufactured material supply chains that supply materials to housing
industry builders.

The following areas for policy development were identified, and preliminary ideas for their further development
are outlined.

» Materials data collection and analysis: The research identified significant data gaps that need to be filled
if we are to understand the flow of materials used in housing construction; materials already in the housing
system; construction and disassembly waste; and reuse. The Commonwealth Scientific and Industrial Research
Organisation (CSIRO) has made considerable progress in the development of a data system with its Australian
Housing Data Portal. However, further initiatives such as required submission of ‘as-built documentation’ (ABD),
and use of ‘material passports’ will vastly improve stock in-use and materials tracking. Data should also be
geocoded to support analysis at a regional and local scale.

» Incentivising disassembly and reuse: It is difficult for building-industry stakeholders to economically justify
disassembly and reuse. Policy development should focus on incentivising disassembly for material reuse,
as well as encouraging other ways to reduce embodied energy through material selection and the use of
local products. Creating markets for materials reuse within Australia is important, but as many materials
and products are imbricated in global supply chains, it is likely that these markets will also be connected to
international markets. It is important to ensure that local building-industry actors seeking to reuse materials
are not penalised by markets that do not value construction waste.

AHURI Final Report No. 402 Building materials in a circular economy 2
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» Regulation for low carbon: The National Construction Code (NCC) is a performance-based code that sets
minimum levels for the safety, health, amenity, accessibility and sustainability of buildings. The scope of its
sustainability regulation could be expanded to support the decarbonisation of the housing system. It could
regulate to require the documentation of embodied carbon in material flows and the reuse of construction
and demolition waste (CDW). This regulation could be supported by a simple-to-use digital recording system
that records the flow of materials into the housing system. Most regulations on recycling and reuse focus on
end-of-pipe solutions for CE. They should also support better measurement of material flows, as well as reuse,
rethink, repurpose or remanufacture.

« Tilting investment flows: Policy makers can shape investment flows in ways that support the decarbonisation in
the materials industries. This form of investment, accompanied by regulation, can support the decarbonisation
of materials manufacturing and stimulate demand for recycled materials. Strategic use of public procurement
is a complementary form of support. The use of taxation policy can also guide optimisation of resource use across
materials life cycles, from resource taxes on raw materials to tax relief on reuse and repair, and creation of carbon
credits to incentivise reduced emissions.

« Building capacity: Expanding the pool of people with a knowledge of CE is a high priority and requires
developments in education, training and skills development. This can be done through curriculum development
for use in universities and TAFEs, along with professional development in-service training that presents built-
environment embodied carbon and CE concepts. These education and training programs would focus on topics
such as materials manufacturing, material supply chains, materials innovation, construction, maintenance and
deconstruction processes, building-industry institutional arrangements and emissions reduction policy.

« Developing low-carbon supply chains: Building-material supply chains are complex and involve different
actors that are often uncoordinated and have conflicting interests. They include manufacturers, distributors,
retailers, regulators, professional consultants, contractors and subcontractors. There is a case for establishing
housing industry low-carbon supply-chain councils. Council members would be drawn from industry and
professional associations, along with civil society social movement organisations, including relevant unions.
Each council, supported by a federal government industry agency, would support a deliberative consultative
process that prepares plans for the development of low-carbon supply chains for the housing industry.

The study

This research is part of the AHURI Inquiry into housing in a circular economy which asked: How can the transition
to a circular economy in housing be implemented to provide more sustainable housing? The focus of this project
(which is one of four projects) presented in this report is on the flow of building materials through supply chains
into and out of the residential housing system. These supply chains start with the exploitation of natural resources
and CO,-emitting and other greenhouse-gas-emitting manufacturing industries. The aim of the project was to
understand the following:

« The structuring and functioning of the material supply chains supplying manufactured building materials
containing embodied GHG emissions to the Australian residential housing industry.

» How the housing industry can contribute to the CE by reducing GHG emissions through reducing waste by

reusing, recycling and recovering resources and relying less on virgin materials to close the material flow loop.

The context for this research into building-material supply chains is dynamic, as the mitigation of climate change
has become increasingly challenging in a globalised society.

Four features of this context stand out:

» Global and Australian Government commitments to reducing GHG emissions have increased.

» Continuing rapid urban development using manufactured building materials is a major contributor to global
GHG emissions.
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There are inadequate responses to growing volumes of waste and disposal, valuing, reusing, reprocessing and
recycling of waste across all stages of the dwelling life cycle.

A fragmented housing industry has limited capacity to create demand for a low-carbon building materials market.

The research was undertaken across three work packages:

AHURI Final Report No. 402 Building materials in a circular economy

Work package 1 modelled the stocks and flows of material flows in the Australian residential sector through
material flow analysis (MFA), using data from multiple datasets. Some data gaps were filled by ‘bottom-up’
historical analysis of phases in housing construction through collaboration with an experienced quantity
surveyor.

Work package 2 evaluated two ‘best in class’ residential housing case studies. They were selected through

a desktop review of recent projects (2017-2021) using CE criteria that identified 82 potential cases. Two cases
in Victoria were selected: a low-density development (The Cape) and a medium-density apartment development
(Nightingale Village). Semi-structured interviews were undertaken with 13 research participants with deep
involvement in the developments. The interviews were supplemented with site visits, photographs and document
review. Recorded interview data were transcribed and analysed deductively using key words from the framework
created by Potting, Hekkert et al. (2017) to analyse product chain innovation.

Work package 3 examined building-material institutional arrangements for products used extensively

in housing construction: concrete, steel and timber. Three methods were used. First, academic and grey
literatures and websites were reviewed. Second, industry supply chains were mapped using IBISWorld
industry reports (Gecz 2019). Third, semi-structured interviews (n=20) were conducted with industry insiders
who had deep knowledge of their industries. In addition, 15 participants drawn from key actor groups in the
building materials and residential housing industry contributed to a practitioner workshop. Participants
were sent a paper, Building materials in a circular economy: Workshop briefing paper (see Appendix 1), and
responded to questions and provocations (see Appendix 1), as well as contributing to an online whiteboard.



1. Introduction

e The Sharm el-Sheikh Implementation Plan at COP27 recognised that
the world faces a climate emergency and confirmed that climate change
requires urgent action.

e Continuing rapid urban development using traditional manufactured
building materials and construction practices is a major contributor
to global greenhouse-gas emissions.

e There are inadequate responses to growing volumes of waste across
dwelling life-cycle stages: its disposal, value, reuse, reprocessing and
recycling.

e The residential housing industry has a limited capacity to create demand
for a low-carbon new and reuse building materials market.

1.1 The research

This report is one of four projects examining how the transition to a circular housing economy could be implemented
to provide sustainable housing. The transition to a circular economy (CE) from a linear ‘take-make-dispose’ economy,
has become a widely discussed topic in both academia and industry since its introduction from policy makers such
as in the European Union (EU 2018). Considering the unsustainable approaches within the sector, academics have
highlighted that there is an urgent need to shift into a more sustainable framework, with a focus on implementing
a CE approach (e.g. Munaro, Tavares et al. 2020; Norouzi, Chafer et al. 2021; Nufiez-Cacho, Gérecki et al. 2018;
Panteli, Kylili et al. 2018).

The focus of the project is the flow of building materials into and out of the residential housing system. There
is a temporal element to this research, as new construction adds new materials to the existing stock, while
demolition creates a flow of materials out of the stock laid down in previous eras. From a circular perspective,
demolition promotes only downcycling, whereas deconstruction retains value and in some cases, upcycling.
All of the materials used to construct the existing housing stock are produced by manufacturing industries
that emit greenhouse gases (GHG), and new construction is equally—if not more—GHG-intensive.

AHURI Final Report No. 402 Building materials in a circular economy 5



1. Introduction

This project understands CE as:

a regenerative system in which resource inputs, waste, emission, and energy leakage are minimised
by slowing, closing, and narrowing material and energy loops. This can be achieved through long-
lasting design, maintenance, repair, reuse, remanufacturing, refurbishing, and recycling. (Geissdoerfer,
Savaget et al. 2017: 759)

The aim of the project is to understand the following:

e The structuring and functioning of the material supply chains supplying manufactured building materials
containing embodied GHG emissions to the Australian residential housing industry.

¢ How the housing industry can contribute to the CE by reducing GHG emissions through reducing waste by
reusing, recycling and recovering resources and relying less on virgin materials to close the material flow loop.

Each of the four research projects contributing to the wider AHURI Inquiry into housing in a circular economy
were guided by five research questions:

1. Who are the key institutional actors in the supply chain supplying materials for use in the Australian residential
housing system?

2. What supply-side/demand-side drivers can increase the contribution that materials production and distribution
can make to a CE?

3. What are the needs and opportunities for training and Australian jobs in the creation of the materials supply
chain within a developing CE?

4. What are the key innovation challenges and opportunities from Industry 4.0 and the use of materials in the
Australian residential housing system?

5. What are the challenges and opportunities—financial, fiscal, regulatory and policy—for material use resulting
in more sustainable design and build outcomes?

This section presents an institutional analysis of the residential housing industry, before discussing the policy
context and challenges. This is followed by an overview of CE and construction industry research and the
research methods applied in this project.

1.2 The housing industry as an institution

The housing industry is an institution, and understanding the housing system requires recognising its ‘rules of the
game’. These are the ‘humanly devised constraints that shape human interaction ... and structure incentives in
human exchange, whether political, social or economic’ (North 1990: 3). These ‘rules’ will shape actor interactions,
exchanges and responses throughout the development of a CE strategy. It is important, as the Building Performance
Institute Europe (BPIE) argue, to recognise actor groups and their supply chain relationships (De Groote and Lefever
2016). Further, because innovation in the Australian housing industry is slow and geographically differentiated (Béhme,
Escribano et al. 2018; Crommelin, Sian et al. 2021; Shergold and Weir 2018) developing and implementing a CE
strategy will not be uniform and will take time. This is similar to other countries (GlobalABC/IEA/UNEP 2020).

A CE housing system will require businesses to coproduce change in the ‘rules’ applied to projects, contracts and
subcontracts. How they might coproduce new ‘rules’ can be thought about by recognising that businesses persist
over time, change and continue to perform. The structure-conduct-performance (SCP) heuristic, used to inform
research into the economics and strategy of industrial organisations (Matyjas 2014; Schmalensee 1987), can help
understand how housing industry and material supply chains businesses might do this.

AHURI Final Report No. 402 Building materials in a circular economy 6



1. Introduction

Structure refers to variables, such as:
» buyers and suppliers

e barriers to entry

» product differentiation

» vertical integration

e industry concentration

« diversification.

Conduct refers to agentic strategy, such as:
» strategic planning

« R&D

e pricing

e investment

» product choice

*  mergers

* takeovers.
Performance refers to measures, including price, profit, efficiency, innovation and product quality.

SCP research raises questions about the extent to which industry structure determines company outcomes, or
whether the conduct of actors matters. Some find in favour of determinist structural explanations. Others argue
for more constructivist explanations based on the agentic conduct of actors within businesses. Mosca (2016) argues
that conduct is the most important element because it draws attention to firm strategy. ‘It is firms’ conduct that has
the pivotal role: it affects both performances and market structures’ (2016: 301). In other words, structure shapes
strategy but does not determine strategy, because the conduct, or agency, of people in businesses matters.
Remembering that agency is possible is important when major industry change, such as CE, is on the agenda.

The Australian housing construction industry has a recognisable structure. Recognising the key features of this
structure should help in assessing the capacity of industry businesses to strategise and begin coproducing CE
initiatives. Two dimensions of this structure are now explored: housing industry arrangements and intermediary
organisations.

1.2.1 The housing industry core

The core of the Australian housing industry has six defining structural features’. It:
* hastwo distinct parts that build different types of housing

* isdominated by geographically dispersed small builders

» has low capital intensity (CI)

» has low market concentration (MC)

» haslow innovation and barriers to entry

* responds on the demand-side to individual purchasers.

1 This summation of structural features is drawn from earlier AHURI research (Dalton, Horne, et al. 2013; Dalton, Hurley, et al. 2013;
Ong, Dalton et al. 2017; Rowley and Phibbs 2012) and IBISWorld industry reports (Kelly 2022¢, 2022b).

AHURI Final Report No. 402 Building materials in a circular economy 7



1. Introduction

The Australian housing industry has two distinct sectors:
« the Housing Construction Industry (HCI) produces detached houses

the Multi-Unit Apartments And Townhouse Construction Industry (MUATCI) produces multi-unit apartments
and townhouses.

The two sectors produce different physical structures and use different institutional arrangements to design,
finance, build and market new dwellings. Further, the spatial distribution of houses and apartments is different.
Most new houses are built on subdivided land rezoned from rural to urban on the city fringe, whereas most
apartments are built on inner and middle ring land and replace earlier residential, commercial or industrial land

uses. In recent decades, the share of townhouses and apartments being built, presented as ‘other residential’
in the ABS data, has increased and the share of houses has decreased (Figure 1).

Figure 1: ‘Other residential? dwelling completions as a proportion of total dwelling completions: actual and
linear trend: 1955-2020

60%
50%
40%
30%
20%

10%

0%

Mar-1955
Mar-1960
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Mar-1970
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Mar-1985
Mar-1990
Mar-1995
Mar-2000
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Mar-2020

Source: ABS (2023) 8752.0 Building Activity Australia, Table 37, Number of dwelling unit completions by sector, Australia.

2 ‘Otherresidential’ in this series consists of three sub-categories of dwellings that feature in denser forms of housing provision in the

inner areas of Australian cities. The categories are: Semi-detached, row or terrace houses, townhouses; Apartments; and Residential
buildings not elsewhere classified.
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Both dwelling-construction industries are dominated by geographically dispersed small builders and a smaller
number of larger builders. Both use a 3 to 4 per cent cashflow business model to assess and agree contracts:

« HCIl builders work with land developers who subdivide land, provide infrastructure and produce land lots for
new houses.

»  MUATCI builders work with developers who own land, design projects and arrange construction loans.

Both industries are highly competitive. Builders in both industries rely on skilled trade-based subcontractors,
which may be companies, partnerships or sole traders. They have continuing arrangements with material suppliers,
land and property developers and financial institutions. Both industries experience volatility due to factors like
changing purchaser demand, migration, interest rates, labour availability and government programs.

Industry structure can be assessed by focussing on four measures:
» capital intensity (CI)

» market concentration (MC)

* innovation

e barriers to entry.

Cl measures the relationship between capital stock and wages. Both dwelling-construction sectors have a low

Cl ratio due to the high proportion of resources used to engage skilled labour. MC measures industry competition
by testing for oligopolies. MC in both dwelling-construction industries is low. Innovation is measured by the uptake
of patents, software and improved materials and technology. Both HCl and MUATCI sectors are increasing their
use of software, but innovation is otherwise low to moderate. Barriers to entry prevent new competitors from
entering the industry. Barriers to entry in both industries are moderate and stem from government regulatory
requirements, including registration, insurances, industry association membership and market conditions.

Individual owner-occupiers and private-rental landlord investors purchase most HCl and MUATCI dwellings.
Social-housing providers and build-to-rent companies commission or purchase very small numbers of dwellings.
First homeowners buying housing on the urban fringe, often assisted by first homeowner grants, are a significant
HCI purchaser group (Taylor and Dalton 2015). More recently, first homeowners have become a more significant
MUATCI purchaser group. Private-rental landlord investors are a significant demand group for MUATCI, but

less significant for HCI. During the early postwar decades, HCI builders built housing estates for state housing
authorities (SHAs) (Howe 1988). From the mid-1980s, social-housing procurement of HCl and MUATCI dwellings
declined and has remained low (Troy 2012). Table 1 provides further detail on the structure and operations of the
two industries.

AHURI Final Report No. 402 Building materials in a circular economy 9
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Table 1: The housing construction industry: houses and apartments

Industry Multi-unit apartment and townhouse construction
features House construction industry (HCI) industry (MUATCI)
What is Products as a share of 2022 $75.1 bn industry revenue: Property developers own the land and contract with
produced . New houses: 58.8% building construction companies to construct strata-
Alterati aditi " . 20.4% titled multi-unit apartment buildings and townhouses.
erations, additions, renovations: 2L.4% Products as a share of 2022 $40bn revenue:
° i i . )
Repairs and maintenance: 13.8% e Townhouses and semi-detached terraces: 39.2%
. H . [o)
Other services: 7.0% « High-rise and super-high-rise apartments: 27.3%
e Medium-rise (4-8 storey) apartments: 27.8%
* Low-rise apartments (1-3 storey): 5.7%
Who Purchaser segments and shares of 2022 $67.1bn Purchasers are owner-occupier households and
purchases industry revenue: landlord investors. They contract to purchase an
housing « Private homebuyers: 62.2% apartment from an apartment developer using a
) . ‘pre-sales’ contract. Sufficient demand is indicated
e First-time homebuyers: 30.1% . , ) .
by the level of ‘pre-sales’ Developers obtain construction
+ Developers/speculators: 6.2% loans and contract builders construct apartments and
« Public sector agencies: 1.5% townhouses.
Who produces Small business builders produce small numbers Small-scale businesses dominate the industry. Over 75%
housing of houses. Larger builders known as ‘volume of industry enterprises are small businesses with no
builders'—such as Metricon, G.J. Gardner Homes, paid employees and are operated by sole proprietors
ABN Corporate Services, BGC Housing Group, or partners. Approximately 75% of businesses generate
Simonds Group, Burbank, Henley Homes, Hotondo less than $200,000 in annual revenue. The industry
Building—have market shares ranging between 1% includes some large-scale multi-unit builders such as
and 3% of new construction. These companies are Multiplex, Dyldam, Hickory Group, Lendlease, Meriton,
extending the geographic spread of their operations. L U Simon, Parkview Construction, J Hutchinson.
Both the small builders and the volume builders rely ~ They have market shares ranging between 2% and
on subcontracting, with little direct employment. 5% of annual apartment production, totalling 28%.
All builders rely on extensive subcontracting and
little direct employment.
Industry Low capital intensity: builders provide project Low capital intensity: the main industry contribution
structure management and trade skills and typically to value comes from skilled labour and construction

lease capital equipment, such as scaffolding
and earthmoving equipment. Builders rely on
subcontractors who provide their own tools.

Low concentration: house construction broadly
divides into two categories:

a. many small-scale businesses with half generating
less than $200,000 pa, and 55% of businesses with
no permanent employees consisting mainly of sole
proprietors and partners

b. 30 medium-scale to large-scale firms (the volume
builders listed above) each constructing more than
400 dwellings pa, using subcontract labour with
annual revenue exceeding $50 million.

Low/moderate innovation: development of materials
and tools has reduced skilled labour requirements
and project managers are increasing their use of
digital tools.

Barriers to entry: builder registration, licence to

practice, member of industry associations with access

to insurance, subcontractors and arrangements with
material suppliers.

management services that do not require significant
capital. Project capital is typically the responsibility
of the developer.

Low concentration: the industry’s four largest firms
were expected to account for less than 20% of industry
revenue in 2020-21, although the share has increased.

Low/moderate innovation: increasing use of digital
technology in project management and innovative
building materials.

Barriers to entry: builder registration, licence to practice,
member of industry associations with access to a pool
of subcontractors and arrangements with material
suppliers.

Source: Dalton et al. (2011), Dalton, Hurley et al. (2013); Kelly (2022a, 2022b); Ong, Dalton et al. (2017).
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1.2.2 Intermediaries in the broader field

Intermediaries are organisations that represent service members, and mediate, translate and transfer knowledge
between actor groups. There are many intermediary organisations advocating for the mitigation of climate change
by establishing more sustainable socio-technical systems (Ehnert, Egermann et al. 2021; Kivimaa, Boon et al. 2019;
Moss 2009). In the more prosaic context of the Australian housing industry, three main types of intermediary
organisations can be identified: industry associations, professional associations, and civil society social movement
organisations. Table 2 presents a list of intermediary organisations that seek to shape the way the built environment
is designed, procured and constructed.

Table 2: Housing industry intermediaries

Industry associations Professional associations Civil society social movement organisations

Housing construction « Australian Institute of Architects » Green Building Council of Australia

(GBCA)

» Australian Sustainable Built
Environment Council

e Housing Industry Association « Planning Institute of Australia

« Master Builders Association « Engineers Australia

« National Association of Steel-Framed  «
Housing

Australian Institute of Project

Management « Alternative Technology Association

« Beyond Zero Emissions

Land development

e Urban Development Institute
of Australia

 Australian Institute of Building Surveyors

Australian Institute of Quantity Surveyors

* Renew
» Materials & Embodied Carbon

 Australian Institute of Building

- . Leaders’ Alliance (MECLA)
« Building Services Contractors

Association of Australia

Construction « Energy Efficiency Council

* Australian Construction Industry Forum « Infrastructure Sustainability Council

« Building Designers Association
of Australia (ISCA)

« Australian Constructors Association

of Australia
+ Civil Contractors Federation « Facility Management Association + market forces
« Construction & Mining Equipment of Australia
Industry Group
Property

« Property Council of Australia

« Real Estate Institute of Australia

Source: Authors

Industry associations are member organisations that represent and service businesses. They consult and shape
the way members understand their industry, develop strategy, collaborate and compete. Industry associations do
this through working groups, committees and conferences, and through establishing endogenous and exogenous
industry relationships. Parallel to these collaborative processes, member businesses continue to compete with
each other. The industry associations that represent the core of the housing industry are the Housing Industry
Association and the Master Builders Association. They both have large memberships that reflect the interests

of the small number of larger builders and the larger number of small builders and subcontractors that are in

the HCl and MUATCI parts of the industry.

Some national industry associations are members of international associations. This is the case for some material
manufacturing industries with global operations supplying materials to Australian residential building businesses.
Notable materials in this category are steel, aluminium and concrete, which are carbon-intensive materials and
are produced in Australia by oligopolistic globalised industries (GCCA 2021; 1Al 2021; WSA 2021).

Built-environment professionals—including architects, engineers, quantity surveyors and project managers—
provide services to both dwelling-construction industries. These people are members of professional associations
that contribute to defining and regulating the professional knowledge base, education and training, membership
eligibility and codes of ethics (Larson 2012). Connected to this form of self-governance, some built-environment
professions have committed to mitigating climate change (AIA 2022; Baikie 2021a; EA 2021). For example, Engineers
Australia (EA 2021) state that ‘engineers must be at the forefront in policy formulation and decision-making affecting
the scoping, planning, design, delivery and operation of systems for climate change mitigation and adaptation’.
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Civil society social movement organisations act as intermediary organisations by advocating on built-environment
climate change issues. They can be councils, associations, alliances and institutes. Supported by research, they
direct advocacy at companies, financial institutions, industry associations, governments and public sector agencies,
and press for change in investment and regulation. Some organisations run sustainable buildings voluntary certification
programs that are ‘rule regimes that seek improved sustainable building development and use and that provide
rewards to rule-takers who voluntarily commit to these’ (van der Heijden 2017: 57). Two prominent certification
schemes are:

*  NABERS—which offers Carbon Neutral Certification for many building types (NABERS 2023)

»  Green Building Council of Australia (GBCA) Green Star Homes rating system for volume home builders—which
sets a higher standard than that required by the National Construction Code (NCC) star-rating system.

1.3 Policy context and challenges

1.3.1 Policy context and challenges

The context for this research into building-material supply chains is dynamic, as the mitigation of climate change
has become a priority nationally and internationally. Recent COP conferences and multi-state agreements are
important markers of international acknowledgment of the need to act (The Treasury, ND; United Nations 2022).
Nationally, recognition of climate change and mitigation as a policy priority was signalled in June 2022 when the
Australian Government lodged an updated Nationally Determined Contribution (NDC) with the United Nations
Framework Convention on Climate Change secretariat for a more ambitious GHG reduction target. This is the
context for identifying four policy areas that present challenges for the development of a CE in Australia specifically
related to the residential housing sector.

»  GHG emission reductions
» Urbanisation and resource use
» Reducing urban carbon emissions and institutional capacities

» Regulating for CE.

1.3.2 GHG emission reductions

The revised NDC GHG emission-reduction target was agreed to at a national level and registered at an international
level. It commits to reducing GHG emissions by 43 per cent below 2005 levels by 2030, which is a 15 per cent
increase on Australia’s previous 2030 target. Accompanying the new target, the Clean Energy Regulator will be
required to regulate for GHG emissions reductions by companies by increasing the ‘baselines for each facility in
close consultation with industry’ (Australian Labor Party 2021). Currently, the National Greenhouse and Energy
Reporting (NGER) Scheme requires companies to be listed if their combined Scope 1and Scope 2 annual GHG
emissions are equal to or greater than 50 kt CO, equivalence (CO,-e) (Clean Energy Regulator 2022). However,
NDCs can only be achieved if the contributions of firms in high-emitting industry sectors are recognised, and
reduction targets are set and met by these firms. The development of the detailed policy framework for determining
these contributions is in progress (DCCEEW 2022).

Globally the construction industry is responsible for almost 50 per cent of the worldwide annual resource consumption
(OECD 2019). In 2011, 37 gigatonnes of non-metallic mineral materials were extracted, with an expected increase
to 86 gigatonnes by 2060 (Meglin, Kytzia et al. 2022). An average of 1.68 kilograms of construction and demolition
waste (CDW) is produced per person per day, which can be used as secondary building material (Kaza, Yao et al. 2018).
In 2018, the building and construction sector accounted for 36 per cent of final energy use and 39 per cent of energy
and process-related CO, emissions—11 per cent of which resulted from manufacturing materials and products
such as steel, cement and glass (Circle Economy 2019). This situation is placing the global natural environment
under pressure (OECD 2020).
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In Australia the construction industry, which includes the housing industry, is also a high-resource use industry, and
itis important that this resource use and resulting emissions are recognised and mitigated. In 2013, the construction
sector as a whole was responsible for 18.1 per cent of Australia’s carbon footprint, when using CO,-e embodied
emissions by final demand as the measure (Yu, Wiedmann et al. 2017). Residential building construction contributed
21.5 Mt CO,-e emissions, which formed a 23.7 per cent share of total construction embodied emissions. Buildings
contribute to the carbon footprint through their operation, through embodied carbon emissions from materials
and construction, and through end-of-life or deconstruction (Gosling, Towill et al. 2015).

Currently, the embodied carbon from buildings contributes to a 16 per cent share of the whole-of-life building carbon
emissions (GBCA 2021), with the remainder coming from operational carbon emissions. However, as the grid
decarbonises and building energy efficiency improves, the embodied carbon share is expected to grow to 85 per cent
by 2050 (GBCA and thinkstep-anz 2021: 4), highlighting the importance of lowering the carbon intensity of buildings.
Strategies such as specifying lower-embodied carbon materials, materials with efficient design, designing for
deconstruction and looping of materials and minimising CDW waste following deconstruction will contribute

to developing a CE housing sector so it contributes proportionately to meeting the Australian 2030 NDC.

1.3.3 Urbanisation and resource use

Globally, urbanisation continues to increase the share of GHG emissions. In 2015, emissions attributed to urban
areas were estimated to be 25 GtCO,-e (about 62% of the global share); and in 2020, 29 GtCO,-e (67-72% of the
global share) (IPCC 2022). As urban populations grow, the demand for housing will increase. Typically, new housing
and infrastructure are built with steel, concrete, bricks, asphalt, aluminium, plastic and glass. These materials have
high levels of embodied CO,. Timber is also used in housing construction and is recognised as a low-carbon or
carbon-negative material. However, the future mix in materials use is uncertain. This focus on urbanisation changes
the policy context for material and GHG-producing industries. The Intergovernmental Panel on Climate Change
(IPCC; 2022: 11-6) observed that until recently ‘industry has so far largely been sheltered from the impacts of
climate policy and carbon pricing due to concerns for competitiveness and carbon leakage..

Australia follows the broader global trend of continuing urbanisation, and for many decades has been one of the
most highly urbanised countries in the world. By 2016, almost 90 per cent of the Australian population lived in urban
areas. Further, the population is also concentrated in capital cities, which held 67 per cent of the population in 2021
(ABS 2022a). A key driver of this growth has been immigration. In 2020, 30 per cent of the Australian population of
nearly 26 million were born overseas. The underlying assumption is that population growth will continue. Infrastructure
Australia is working on a forecast that over ‘the next 30 years, Australia will grow by an additional 10 million people’
(Colacino 2018). More broadly there is consensus that continuing urban growth, especially in the larger capital
cities, will underpin continued economic growth.

Closely associated with continued urban growth is the production of CDW. Typically, buildings have a construction,
retrofit, demolition and redevelopment life cycle which produces CDW. One measure of CDW is dwelling demolitions:
in the five years to March 2021, 107,294 dwellings were approved for demolition (ABS 2021b). Building demolitions
produce CDW that consists of various materials such as concrete, bricks, plaster, timber, wood, glass, metals and
plastic. In the European Union (EU) CDW accounts for more than a third of all waste. In Australia, approximately
27m tonnes of CDW per annum is created, which constitutes approximately 44 per cent of all waste. Of this,
approximately 50,000 tonnes is litter or illegally dumped, 6.3m tonnes goes into landfills, and 18.7m tonnes is
recycled into road base (Pickin, Wardle et al. 2020).

The challenge is to develop policies that ensure that CDW becomes a resource not waste, as per the CE framing.
In Australia, The National Waste Policy Action Plan (NWAP) sets a target for achieving an 80 per cent average
resource recovery rate from all waste streams; along with increasing the use of recycled content (Australian
Government 2019). Also, the challenge is to ensure that CDW has the highest possible reuse value, so that energy
consumed in lower-level reuse is minimised. Too often CDW use is downgraded to recycling or used for energy
generation. However, the impediments to recycling CDW are entrenched. Park and Tucker (2016) nominate four
main institutional barriers:
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» the cost of materials reuse is higher than using new materials
« the lack of an established market for reuse of CDW materials
» theinstitutionalised reluctance to use available technological and practical knowledge to reduce CDW

» the broad perception that Australia has abundant supplies of natural resources.

A key feature of rapid urban growth in Australia is the recurring policy consensus that the supply of new housing

is not responding sufficiently to population growth and household formation. It is evident in the establishment

of advisory bodies such as the Indicative Planning Council for the Housing Industry (1975-1977) (Milligan and
Tiernan 2011), National Housing Supply Council (2008-2013) and the announced National Housing Supply and
Affordability Council (Parliament of Australia 2023). It is also evident in recent AHURI research agendas and reports
(Gilbert, Rowley et al. 2020; Gurran, Rowley et al. 2018; Ong, Dalton et al. 2017; Rowley, Gilbert et al. 2020). More
recently, NHFIC (2021) has reported on demand and supply issues. Running alongside the policy focus on housing
supply there have been approximately three decades of urban planning policy aimed at densifying inner-city areas
that ‘have changed and concentrated population in our cities’ (Coffee, Lange et al. 2016). Figure 1 presents data on the
increasing proportion that multi-unit dwellings have formed of all new dwelling completions for the period 1955-2021.

This denser housing, the available evidence suggests, is leading to an overall increase in the carbon intensity

of the housing stock as the proportion of detached housing of total new housing declines and the proportion

of apartment housing increases. The predominant form is mid-rise and high-rise multi-unit apartments built on
land cleared of earlier residential, industrial or commercial buildings. A bottom-up modelling study of five housing
types in Victoria—brick veneer, double brick, timber, precast concrete and reinforced concrete—compared the
OE (heating and cooling energy), embodied energy (EE) and total life-cycle energy (LCE) for each housing type
(Li, Foliente et al. 2021). Its headline finding was that at the building level, the average EE, OE and LCE intensities
for apartments are higher than for the houses (Li, Foliente et al. 2021). This difference was attributed to the
construction type and materials used, as apartments are built from concrete whereas houses are built mainly

of brick veneer, timber and double brick, which have lower EE intensities than concrete®.

1.3.4 Reducing urban carbon emissions and institutional capacities

If embodied carbon emissions and CE development are to become features of the housing industry, its institutional
arrangements must be recognised. An already noted feature is that the housing industry has two distinct parts—
HCI and MUATCI—that produce different types of housing with distinct geographies, using different arrangements
to design, finance, build and market dwellings. Also, both dwelling-construction industries are comprised of a large
number of small builders and a small number of large builders. However, builders build dwellings that are, in the
main, not standard products. Another feature is the extensive use of subcontracting, which can be understood as
a way in which builders share, mitigate and shift the many risks that are integral to the design, financing, procuring
and building of housing (Bosch and Philips 2003; Riazi, Zainuddin et al. 2020). These are the features that have led
to the dwelling-construction industry being described as a ‘fragmented”.

Establishing a housing industry CE in the production of the built environment will require reworking the ‘rules
of the game’. Three areas stand out for some reworking: material and service supply chains; worker skills and
capacities; and digitalisation for sustainability.

3 Itisimportant to note that sustainability arguments are made for increasing urban housing densities by facilitating multi-unit and high-
rise apartment development through urban-planning provisions. The arguments typically made in support of densification of housing
are that it curbs sprawl, reduces GHG emissions by supporting public transport and walkability, improves housing affordability and
choice, encourages active streets and social mix, and provides opportunities to apply design standards that create dense desirable
urban neighbourhoods (Hurley, Taylor et al. 2017). To the extent that urban densification creates these outcomes, it can be argued
that a higher EE, EO and LCE can be traded off against other sustainability outcomes.
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Material and service supply chains

In an era where the policy imperative is to reduce carbon emissions, the redesign of supply chains has become

a research focus (Bressanelli, Perona et al. 2018; Sarkis 2019). This literature advocates for new forms of strategic
conduct by businesses by ‘looping’ supply chains so that materials and goods are brought back into the forward
supply chain. Bressanelli, Perona et al. (2018: 7395) look for ‘challenges that may hamper a supply chain redesign’;
Shi, Zhang et al. (2018) examine the way firms in supply chains shape sustainability outcomes; Rezaei (2019) considers
how to develop criteria for selecting suppliers that support sustainability objectives; and Isaksson, Johansson et
al. (2010) examine the relationship between supply-chain innovation and sustainable development. However, the
challenge is how research of this nature might inform the development of housing industry CE strategies.

Supply chains are systems in which businesses are located, and facilitate the production, procurement and
delivery of products and services. A business will typically have upstream connections supplying materials and
products, and downstream businesses receiving outputs. Firms in supply chains vary in size, command over
resources, and their capacity to change the way they do things. The challenge for the housing industry is to
consider how this research might be used, by recognising three key features.

First, builders procure materials and services from businesses in approximately 27 industries (listed in Appendix 4).
They do this as they build a house or apartment block by following a procurement script presented in the documentation
prepared by professionals, which includes designers, architects, engineers and quantity surveyors. Each business
that a builder procures from is a participant in a supply chain with distinctive features, and they vary greatly in terms
of their structure, competition, geography and capital-to-labour cost ratios.

Second, there can be pull or demand-side pressures that originate with consumers and their builders, such as
certification schemes. For example, the GBCA Green Star Homes Certification scheme based on energy use, health
and water-use standards. Conceivably this scheme could be expanded to require accounting for embodied carbon
in materials by requiring other CE measures, such as management of waste, designing for disassembly and use of
recycled materials.

Third, push or supply-side pressures can be exerted along material supply chains by large global companies with
R&D and innovation capacities. For example, companies in the concrete and steel industries promoting the use of
Environmental Product Declarations (EPDs) that provide environmental data based on the life-cycle assessment
(LCA) of their materials (BlueScope 2021a; 2021b; Boral Limited 2020).

Worker skills and capacities

Movement towards a more resource-efficient and circular economy will change economic activity and patterns
of employment—particularly in the materials-intensive industries (Laubinger, Lanzi et al. 2020). Inevitably there
will be tensions about CE and labour-market change (Dufourmont and Brown 2020). Some of these changes and
tensions can be assisted by distinguishing two main types of ‘circular’ jobs:

» Core circular jobs are directly engaged in working with materials and processes such as renewable energy,
repair, managing waste and supporting reuse.

- Enabling circular jobs are engaged in creating and expanding CE though management, designing and

digitising (Burger, Stavropoulos et al. 2019).

In the materials-intensive industries that currently manufacture new materials, it's possible that there will be a
decline in output and employment. However, this decline could be accompanied by growth in employment that
extends the life of materials through reuse (Laubinger, Lanzi et al. 2020: 18; Llorente-Gonzéalez and Vence 2020).
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Itis not clear yet how CE-driven economic and employment change will develop within the Australian housing
industry. To date, economic and employment analyses of a shift to CE arrangements—such as those outlined

in the paragraph above—are economy-wide or high-level sectoral analyses. Nevertheless, the introduction of CE
will require labour-market changes in the housing industry and its material supply chains. It will start by identifying
and implementing measures that may, within an agreed time frame, achieve carbon-reduction targets for new housing
and major housing retrofits. These measures include:

» increasing reuse and retention
» building less and dematerialising building elements
» building smarter by using lowest carbon building systems and elements and offsite prefabrication

» sourcing lowest embodied carbon materials from the many industry supply chains (Prasad, Kuru et al. 2021: 38).

Digitalisation for sustainability

A significant challenge facing the housing industry, and the construction industry more generally, is the use of
digital technology in building construction. This industrial use of technology is often referred to as Industry 4.0.
The evidence suggests that the take-up of Industry 4.0 in the construction industry has been partial and slow
(Hasan, Elmualim et al. 2018; Leviakangas, Mok Paik et al. 2017; Newman, Edwards et al. 2020; Perera, Jin et al.
2021). Multiple benefits can be realised through greater use of Industry 4.0 (see Appendix 3), including greater
realisation of sustainability objectives (MUller, Kiel et al. 2018). There are two distinct benefits for the construction
industry. Industry 4.0 can be used to:

» measure the carbon footprint of materials and products used to create new buildings or to undertake
significant retrofits (BPIE 2021)

« create accurate, systematic and easily accessible ‘track and trace’ systems, as well as digital building records
that can be used by owners, users and emergency services to find out how their building is constructed and
what utility services have been installed (Shergold and Weir 2018).

The EPD system that some material manufacturers have developed is a starting point for measuring the carbon
footprint of buildings. When fully developed, it will be able to support a full building-level assessment of embodied
carbon. However, two preconditions have to be met before this can be done.

First, there has to be an agreed system for undertaking and registering EPDs. Such a system, albeit a voluntary
system, has been established by EPD Australasia. It registers and publishes EPDs that are verified to ISO 14025.
Building and construction products are assessed against the European standard EN 15804.

Second, there has to be a requirement—such as that recommended by Shergold and Weir (2018)—for each
building to have an up-to-date building manual that contains data including ‘as-built documentation’ (ABD), fire
safety system details and maintenance requirements and conditions of building use. However, Perera, Jin et al.
(2021) found in their research, Digitalisation of Construction, that it is not standard practice for NSW builders to
produce and lodge an ABD.

1.3.5 Regulating for a circular economy

Built-environment regulation in its earliest forms supported broader health, safety and environmental public
policy objectives, and the form of Australian cities reflects this history of regulation. It has been accompanied and
supported by the development of arrangements between many state and non-state actors. Black (2002: 26-27)
sums up this way of understanding regulation as a social and cultural product:

Regulation is an activity that extends beyond the state, thus regulation may on the basis of such a
conceptualisation embrace a variety of forms of relationship between state, law and society. It thus
enables the identification, creation and analysis of regulatory arrangements that involve complex
interactions between state and non-state actors, and enables each to be identified as both
regulators and regulatees.
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The contemporary challenge in Australia is for actors to further develop ways to mitigate climate change through the
regulation of building construction. In particular, it will require measures that support actors to govern embodied
carbon stocks and flows into and out of the housing system. In this way, the housing industry will be required in
future to contribute to reducing the carbon footprint of buildings. However, the current system of building regulation
has institutional features that must be acknowledged and worked with if the development of an additional carbon-
reduction mitigation capacity is to be incorporated into the National Construction Code (NCC).

In Australia, building regulation has two key features. First, like much Australian governance, responsibility

is shared between state and territory governments and the federal government. This system is the outcome
of a process over many decades where a national government agency, the Australian Building Control Board
(ABCB 2023), established under an intergovernmental agreement, is responsible for the NCC that provides:

the minimum necessary requirements for safety and health; amenity and accessibility, and
sustainability in the design, construction, performance and liveability of new buildings (and
new building work in existing buildings) throughout Australia.

The states and territories have flexibility in the implementation of the NCC through their administrative
arrangements.

Second, the NCC includes a sustainability objective, which flowed on from when sustainability was included as an
objective in the Building Code of Australia, a 2007 iteration of the NCC (Meacham 2016). However, the sustainability
regulation has been fraught because of housing industry resistance to minimum standards (Crabtree and Hes 2009;
Moore, Berry et al.2019). From the 1970s, state and territory governments promoted voluntary initiatives on energy
efficiency, and it was not until 2003 that energy efficiency standards were mandated for houses, and until 2005

for multi-residential developments. Subsequently, requirements were increased, and in 2010 the 6-star standard
was adopted. In 2022, new NCC standards for energy efficiency, condensation management and liveable housing
commenced, which raises the energy star rating from 6 to 7 stars in 2023.

Although limited, research nevertheless shows that the energy efficiency standards required by the NCC have
changed the way houses are designed and constructed. There have been energy savings for households in new
homes (Berry and Marker 2015). Underpinning this has been the Nationwide House Energy Rating Scheme (NatHERS)
software tool used to assess plans and building specifications, which has resulted in better insulation, double-glazed
windows, shading, sun-smart dwelling orientation and solar panels.

1.4 Research methods

The research presented in this report was undertaken across three work packages. The methods used in each
work package are briefly described.

1.4.1 Stocks and flows modelling

The methodologies used to define, map and estimate built-environment material stocks and flows vary considerably,
and there are choices to be made about how best to estimate flows. However, Augiseau and Barles (2017) provide
some guidance about how to assess these methodologies by arguing that four key concepts can be discerned,
and recognising them assists in understanding material stocks and flows in and out of the built environment.

Augiseau and Barles distinguish between ‘bottom-up’ and ‘top-down’ methodologies. Bottom-up analyses start
by focussing on the way materials circulate or flow at the local level. They do this by analysing existing stocks and
differentiating types of stock and establishing categories. Top-down analyses of material use are undertaken by
summing the inflow and outflow of materials by either adding to or subtracting from the estimated stock.
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Augiseau and Barles then distinguish between ‘static’ and ‘dynamic’ analyses. The study of stocks and flows

also vary in the way they account for time. Static approaches are limited to short periods of time, and are used to
produce snapshot-type analyses. Dynamic analyses use longer time frames and include assumptions about ‘end-
of-life’. The use of longer time frames and a focus on end-of-life is important for this research, as most housing is
used over many decades. As a rule of thumb, the average expected lifespan of a house is at least 60 years.

A mixed-methods approach was used in this research to model residential housing stocks and flows. This involved
reviewing the modelling literature and identifying data sources that could be used to model residential housing system
material stocks and flows. Approaches to analyse residential housing materials stocks and flows were reviewed to
identify feasible and suitable approaches. Table 3 presents a summary of four commonly used methods.

Table 3: Main simulation modelling methods used in stock and flow analyses

Time A systemis Abstraction

Method treatment modelled as level Example applications

Discrete event Dynamic- ... asequence Low Manufacturing, service systems, healthcare, etc.

simulation (DES) discrete of operations

Agent based Dynamic- ... interacting Low-high Population, pedestrian, road traffic and epidemiology

modelling (ABM) discrete agents modelling. (Or whenever the focus is on individual
objects and their local behaviour and interactions)

System dynamics Dynamic- ... stocks, flows, Medium-high  Strategic management, marketing and

(SD) continuous  rates, feedback macroeconomic issues, ecological and social systems

loops, etc.
Material flow Static- ... processes, High Industrial ecology, urban/social metabolism

analysis (MFA) (quantified)  stocks, and flows

Source: Authors

The research objective was to produce a high-level model of the stocks and flows of materials for houses in the broader
Australian residential housing market. This requires a high level of abstraction. Hence, discrete event simulation (DES)
was judged unsuitable. Agent based modelling (ABM) and system dynamics (SD) were also considered by the research
team. However, the use of these techniques was precluded because the data required either does not exist, are
incomplete or insufficient. A database was required that captures the composition of buildings long-term in order
to optimise the information flow across the supply chain and to better coordinate supply of and demand for various
construction material. However, it was decided that the available data and additional data that could be derived
from a bottom-up analysis of the stock would support a material flow analysis (MFA).

MFA systematically assesses flows and stocks of materials within a system defined in space and time. It connects
the sources, the pathways, and the intermediate and final sinks of a material. Because of the law of the conservation
of matter, the results of an MFA can be controlled by a simple material balance comparing all inputs, stocks and
outputs of processes. It is this characteristic of MFA that makes it attractive as a decision-support tool in resource
management, waste management and environmental management (Brunner and Rechberger 2016).

The required components of an MFA are system boundaries, processes, stocks and flows. First, system boundaries
are identified, including the material for which the system is quantified, the time interval, and the geographical scope
of the study. Second, the system variables, comprised of processes, stocks and flows are named and quantified.
A process is defined where material is transformed, stored or distributed. Stocks, within each process, show the
amount of material or products measured at a point in time. Finally, flows are specified. These flows indicate the
transport of material between processes, or coming into the system or going outside the system boundaries. Most
raw materials used in construction require processing in order to be used by industry (e.g. steel requires iron ore,
coking coal, aggregates and additives). The common construction materials used in house construction are presented
in Table 4.
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Table 4: Common construction materials

Non-organic materials Organic materials

Mineral-based Metallic-based e timber

e stone o steel e bitumen

e bricks e aluminium « plastics/ synthetics
e glass * copper

e cement e zinc

» concrete e castiron, etc.

e mortar

e earth

Source: Wendehorst (2011: 3)

Typically, MFAs are static, which means they are calculated at one point in time. However, by combining the
top-down and bottom-up approaches, the research team went beyond the static nature of an MFA to produce

a dynamic simulation and model. They did this by extending the analysis so that it took account of changes in the
design and construction of houses over time, and developing a database incorporating bottom-up field research
data. The data were generated from interviews (see Table 6) of a senior quantity surveyor, other construction industry
professionals, and researchers who understood the main historical changes in house design and construction.
This bottom-up data on the changing material composition of typical houses over time was integrated with
state-specific housing-completion data to get state-aggregate top-down analyses of stocks and flow for houses.
A list of the databases used are presented in Table 5. The assumption that the average house lasts for 60 years
underpinned the calculation of the material stock for all houses in the Australian housing system. Figure 2 presents
a map of the mixed-methods data collection developed for this research.

Figure 2: Summary map of mixed-methods data collection for modelling residential houses material flows
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1. Introduction

Table 5: Data/assumptions and sources used in the MFA model

Data/assumptions

Source

Construction work done:
residential detached

ABS (2022b), 8752.0 Building Activity: Table 39 Number of dwelling unit completions
by sector, states and territories: original

Residential floor area

ABS (2022b), 8752.0 Building Activity: Average Floor Area
NHFIC (2020), State of the Nation’s Housing 2020

Construction systems

CSIRO (2022) Australian Housing Data Portal

Material requirements per
construction typology

Quantity surveyor periodised analysis of material use in residential housing

Estimate on double-storey
construction

Houghton (2021) Usage in Residential construction 2017-18 dataset: Report on
methodology and results, FWPA

Share of construction market that
is residential housing

ABS (2022b), 8752.0 Building Activity: Table 10. ‘Value of building work done, states
and territories-chain volume measures’

Share of residential housing that
is detached houses

ABS (2022b), 8752.0 Building Activity: Table 39 ‘Number of dwelling unit completions
by sector, states and territories: original’

Steel and timber framing market
shares

Australian Construction Insights (2018), Framing material use in residential construction

Construction and demolition
waste generated

Pickin, Wardle et al. (2020), National Waste Report 2020

Breakdown of source of
construction waste

Crowther, P. (2000,) ‘Building deconstruction in Australia’, in Overview of deconstruction
in selected countries, CIB report no. 252

Material Industry Data

IBIS World (2022) Industry Research Reports: C2031 Cement and lime manufacturing
in Australia

C2033 Ready-mixed concrete manufacturing in Australia
C2021 Clay brick manufacturing in Australia
C1492 Wooden structural component manufacturing in Australia

E3223 Roofing services in Australia

Source: Authors

Table 6: Interviews conducted for the material flow analysis

Participants Industry Number of interviews
Participant 1 Quantity surveyor 5
Participant 2 Steel research 1
Participant 3 Timber institute 1
Participant 4 Research institute 2
Participant 5 Landfill 1
Participant 6 Steel 1
Participant 7 Brick recyclers 2

Source: Authors
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1. Introduction

Limitations and exclusions were set during the research so that research results were achieved in the time frame
required. This MFA analysis is a first for Australian housing research. It has been undertaken in a context where
very little research and policy attention has been given to the materiality of the housing stock. This gap contrasts
with what happens in many other developed countries. For example, in the UK there is a long history of surveying
housing stock and the condition of the stock (Department of Communities and Local Government 2017).

The main limitations of this research are areas where the MFA could be further extended to improve the
outcomes of the study. The principal limitations of the MFA are outlined below.

» ltislimited to detached housing construction, and did not include multi-unit apartments and townhouses,
which limited the complexity of the construction typologies and data collection required for analysis.

» The modelling does not include illegal dwellings and residential alterations and additions. Measured in terms
of gross fixed capital formation, housing alterations and additions are almost as significant as new housing
(Dalton, Hurley et al. 2013).

» It only considers the main structural elements of the house: walls, floor structure, roof and windows. Furnishings,
fit-out of bathrooms and kitchens, wall and floor coverings and landscaping requirements are all excluded from
this research.

1.4.2 Industry-leading case-study analysis

Qualitative research was used to explore material circularity in two industry-leading case studies. First, a list of
potential case studies was identified through a search of the grey literature for projects built within the last four
years. Keywords used in this search included ‘materials’, ‘circular economy’, built environment’, ‘sustainable’, and
‘award winning’. The keywords were selected on the assumption that use of these words might demonstrate some
application of CE principles. Eighty-two projects, both high-density and low-density, were identified this way, and
they were examined for evidence of the application of CE principles and sustainability excellence (e.g. awards,
high-star ratings). Projects that demonstrated good or excellent sustainability design but no evidence of CE
thinking were deleted.

This left six potential projects, five of which were low-density housing, and one was high-density (Nightingale
Village). Of the five low-density projects, two were outside the state of Victoria, and were inaccessible due to
COVID travel restrictions; they were deleted. The three remaining low-density projects were assessed again for
evidence of the application of CE thinking in their design and construction. The Cape was ranked first. The project
managers of The Cape and the Nightingale Village agreed to participate, and were confirmed as the low-density
and multi-unit project case studies for the research.

The primary research method was semi-structured interviewing of project directors, architects, project managers
and consumers (see Appendix 2). A total of 13 interviews were conducted, six from The Cape and seven from
Nightingale Village. These interviews were supplemented with site visits, photographs and document analysis.
These visits provided a clearer idea of context and offered an opportunity to ask further questions. The interviews
were conducted online in mid to late 2021, using Microsoft Teams due to COVID-19 restrictions. Site visits followed
in early 2022.

The interviews were transcribed, then analysed using NVivo 12. Initial codes were chosen as the researchers
became familiar with the projects and the CE literature. They included ‘building materials’, ‘cost’, ‘design’, ‘building
performance’, ‘social sustainability’, ‘vehicles’, ‘end-of-life’, ‘drivers’, ‘challenges’, ‘affordability’ and ‘consumer
collaboration’. The initial codes were reviewed by another member of the research team for relevance to building
materials and material circularity. Codes, such as ‘social sustainability’ and ‘vehicles’, with little relevance to material
circularity, were removed from the second-stage analysis.

The second stage of analysis was guided by drawing on the analytical framework created by Potting, Hekkert et al.
(2017). The initial codes from the first stage of coding were analysed, including ‘building materials’ and ‘end-of-life’.
This identified and categorised examples of CE thinking, including reuse, repurpose, rethink, reduce and recycle.
These categories were reviewed and agreed by two members of the research team.
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1.4.3 Supply-chain materials analysis

Three case-study materials, concrete, steel and timber, were chosen for the analysis of the way institutions shape
the flow of building materials into and out of residential housing in-use stocks. A starting point for each building-
material case study was recognising that each of these materials is manufactured by companies that pursue
what Fleming, Merrett et al. (2004) described as the ‘economics of strategy’. A set of headings used to guide the
research included financing, insurance, standard setting, and regulation, designing and specifying, technological
innovation, upstream and downstream supply chain capacities and built-environment governance.

The first step was to map the supply chains for concrete, steel and timber using IBIS industry reports. These reports
present industry analyses on market characteristics, operating conditions, performance, forecasts and major
industry participants. Mapping the supply chains started with identifying the industries that directly supplied housing
industry builders with concrete, steel and timber products and associated services. These immediate suppliers
formed Tier 1, which in turn are connected back to Tier 2 suppliers, and so on to subsequent tiers. These reports
were used to develop maps of the three industry supply chains that supply builders (see Section 4).

The second step was to conduct 20 semi-structured interviews (see Table 7). Questions were prepared for each
interview, usually with five to seven questions, and sent to the participants a few days ahead of the interview (see
Appendix 2). The interviews lasted between 60 and 120 minutes, sometimes taking two sessions. The interviews
were transcribed and analysed using NVivo 12.

Table 7: Interviews conducted for supply-chain materials analysis

Industry Participants interviewed and their role
Concrete (C) Two participants: consultants
Steel (S) Three participants: residential steel framer, steel manufacturers, industry association

representatives, sustainability experts, data managers

Timber (T) Ten participants: peak body representatives, engineers, developers, builders, economists,
architects, sales manager, building managers

Plumbing (P) One participant: industry association representative

Environmental certification (EC) Four participants: not-for-profit organisation, federal/state government department officers

Source: Authors

Additionally, 15 participants contributed to an online practitioner workshop drawn from key actor groups in
the building materials and residential housing sector. All participants were sent a briefing paper that provided
the basis for the workshop, which focussed on priorities for CE materials supply, use, and end-of-use chains
and mechanisms for change. A facilitator conducted the workshop by prompting and inviting participants to
contribute, as well as recording responses to questions using an online whiteboard.

Together the mapping, literature review and interviewing provided sufficient data for developing and presenting
an account of the institutional arrangements that shape the manufacture and use of concrete, steel and timber
in the housing industry, including upcycling or downcycling of waste into secondary materials. This account of
the institutional arrangements for the three industries is presented in Section 4.
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2. Housing materials stocks
and flows

e Anovel stocks and flows analysis was created by recognising changing
material composition of housing types over time, informed by ‘bottom-up
and 'top-down’ methodologies.

e Modelling presents analyses of material flows within the residential
housing system. However, these analyses and CE opportunities are
constrained by current data systems.

e The data highlights the dominance and growth in the use of concrete
within the housing system.

e The annual number of houses constructed has not changed significantly,
although growth in house size and change in material composition has
increased carbon intensity.

e Significant gaps in construction and demolition waste (CDW) data have
been identified and must be addressed to inform the development of CE
in the housing industry.

e Most construction waste is downcycled at a local or council level. Further
analysis is required for local decision-makers.

2.1 Introduction

Improving understanding of material flow patterns is complex. For example, a multitude of different construction
materials are interdependent, which means that some raw materials end up in a multitude of different construction
products. At the same time, each construction material is part of its own supply chain or system. The life cycle
stretches from raw material extraction and materials production, then to the consumption or construction phase,
the material in-use phase, and all the way to disposal and recycling. Stock and flow modelling has been identified
as a method to better understand the dynamics and behaviour pattern within the complex construction-material
flow system.
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and flows

The question addressed in this chapter is:
What is the in-use stocks and flow of building materials into and out of residential housing?

Here, ‘in-use stocks’ comprise our existing housing stock, a materials assemblage of embodied energy and
materials. Understanding the in-use stocks of materials can support the planning and implementation of CE
approaches to construction material—especially when focussing on capacity requirements. CE approaches can
reduce the flow and impact of materials through long-lasting design, maintenance, repair, reuse, remanufacturing
or repurposing, refurbishing and recycling. However, there is no assessment of the ‘in-use stocks’ of Australian
housing and materials flowing in and out.

The complexity of the residential housing market, combined with limitations on data availability that became
evident while developing the housing materials MFA model, necessitated the use of multiple assumptions.

This was the primary reason for restricting the analysis to detached dwellings only. This is the area where data
availability was the greatest. It was also the area where the knowledge of older professional practitioners was
greatest. However, future research could use the same methodology and develop an MFA of ‘other residential
housing’, which covers semi-detached, row or terrace houses, townhouses; apartments; and residential buildings
not elsewhere classified. Similar to the work on detached dwellings, it would require the development of a typology
of apartment types over time and a bottom-up analysis of their forms of construction and material use.

2.1.1 Material flow analysis

As outlined in Section 1, MFA can be used to assess flows and stocks of materials within a system defined in
space and time. It is a methodology that connects the sources, pathways and intermediate and final sinks of
a material. This is the context for growth in the use of MFA of construction materials and CDW:

» Huang, Shi et al. (2013) conducted an MFA for the built environment in China

» Hashimoto, Tanikawa et al (2007) focussed their efforts on Japan

» Condeixa, Haddad et al. (2017) investigated residential building stocks in Brazil
» Zhang, Hu et al. (2021) studied Dutch building stock.

An MFA for the residential built environment in Australia has so far not been carried out, although MFAs of
individual materials have been undertaken (GBCA 2021; Pickin, Wardle et al. 2020). Stephan and Athanassiadis
(2017) adopted a similar approach to this study by using a bottom-up approach to quantify the materials stocks
of buildings in the City of Melbourne.

A consistent finding across these MFA investigations is that materials output from the economy is smaller than
materials input to the economy, while the overall materials stock within the economy is growing (Bringezu and
Moriguchi 2003; Brunner and Rechberger 2016). The difference between materials input and output is called
net additions to stock (NAS) in the economy-wide MFA (Matthews, Amann et al. 2000), and is considered to be
additional potential waste that will be generated in the future. Some MFA studies have also been extrapolated
to consider the GHG impact of the materials used in the construction industry (Arehart, Pomponi et al. 2022;
Stephan and Athanassiadis 2017).

In the housing industry, CDW has become a significant waste stream. In Australia, similar to many other countries,
there are initiatives seeking to improve the rates of waste recycling. Due to its heavy weight, low unit economic
value, and legislative and regulatory requirements, CDW is normally managed locally (Meglin, Kytzia et al. 2022;
Wu et al. 2020). Therefore, the use of MFA requires close attention to the geographic scale of analysis so that
waste management is governed across the local, regional and central levels.
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2.1.2 Housing data

Housing industry data from the ABS presents the number of detached house completions per year, along with
the average floor area over time (Figure 3). Over the 50-year period 1970-2020, the overall number of detached
dwellings constructed in Australia has not changed dramatically, although there is periodic variation. However,
there has been an increase in the size of houses being constructed. The data available since 1980 reveals an
increase in dwelling size until the early 2000s, after which the size levelled out or decreased in some states.

A breakdown of floor size by state was only available after 2005; prior to this, the variation between states was
assumed to gradually decrease until they reached the same level as 1980.

Figure 3: Detached house completions and dwelling average floor area: all states
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Sources: ABS (2021b) 8752.0 Building Activity: Table 39 ‘Number of dwelling unit completions by sector, states and territories: original’;
ABS (2021b) 8752.0 Building Activity: Average Floor Area; NHFIC (2020).

2.1.3 Housing construction and material data

The CSIRO Housing Data Portal, based on data extracted from NatHERS certificates over the period 2016-2021,
supports a broad analysis of the types of materials and products used in the construction of houses in all state
and territories. Figure 4 presents a summary of the way materials are combined in the construction systems of
roofs, walls and floors of dwellings. This figure shows similarities and differences across the states and territories.
Some differences are associated with designing for different climates, such as the greater use of double-glazed
windows in the cooler climates of Tasmania, the ACT and Victoria. Other differences are the result of different
industry traditions and preferences across the jurisdictions, such as the almost exclusive use of double-brick
construction in WA.

The CSIRO has identified a number of limitations of this dataset because of the design of the forms completed by
energy assessors. Nationally, there are four NatHERS-accredited software tools used to assess residential energy
efficiency and demonstrate compliance with the National Construction Code (NCC). Some of the limitations are
outlined below.

» There are gaps in the required information, including requirements to indicate the frame material type and
number of storeys in the house.

« Thereis uncertainty about the material and construction-system type because energy assessors can use
whatever name they like to describe the construction system using a free text field. This leads to inaccuracies
and a significant proportion of unknowns.

e The datasets do not include all new dwellings. The CSIRO estimates that 80 per cent of new residential buildings
in Australia use NatHERS-accredited software as their means of demonstrating compliance with the NCC.
However, further data from one of the accredited software tools is currently not captured by CSIRO and not
included in the Housing Data Portal.
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Figure 4: Construction systems for houses based on CSIRO Housing Data Portal: 2016-2021
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While the CSIRO data provides a picture of contemporary house construction, estimates of the material stocks in
use require historical data. This was developed through an analysis of the major changes in design and construction
of houses in the period post-World War Il. This analysis was used to adjust the assumptions and calculations of
the material used in the construction systems, and then included in the MFA analysis to estimate material use in

the housing construction system 1970-2020. A summary description of material use is presented in Table 8.

Table 8: Historical changes in house construction:

1950s-2020s

Pre-1950s 1970s 1975 1985 2000-Now

Walls Predominantly full Mostly brick veneer | Change from asbestos | Development of zincalume coating,
brick in good areas, | and some fibro. fibro-cement clad to | introduction of lightweight steel framing
brick veneer in outer fibre-cement clad. and some replacing of timber framing.
areas and fibro-clad
. Phasing out of Introduction of double-glazed windows.
in rural areas. .

hardwood framing, | . . ’ h
introduction of ncrease in proportion of two-storey homes.
radiata pine framing.

Floors Everything built on Concrete slab on ground introduced and Introduction of concrete efficient waffle pod
a suspended timber | market grew quickly slabs, with rapid market growth over the
floor. next 10 years.

Roof Previously terracotta tiles or corrugated Introduction of Increase in use of
metal sheeting. Cement tiles introduced Colorbond roofing. Colorbond in market
from 1950s. to modern-day

dominance.

Source: Authors
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2.1.4 Construction and demolition waste data

Nationwide construction and demolition waste data has been collected by each state and territory for the National
Waste Policy Action Plan (2019). Sometimes this data is supplemented, manipulated or replaced by national industry
data or estimates. Collection of the national waste data started in 2006/2007, however national data covering
2007/08, 2011/12 and 2012/13 was not collected. In this case, estimates have been made based on the trends in
the data. Waste data is aggregated across all industry sectors—residential, commercial and infrastructure. No
distinction is made between the source of waste—whether construction or demolition. For modelling purposes,
the data available has been proportioned to the residential-detached sector based on the financial-market-share
data available for both residential share of construction, and for detached dwellings share of residential construction.

CDW data for Australia is presented in Figure 5. It shows that waste flows are dominated by heavyweight materials
such as masonry, which are largely recycled. Masonry includes asphalt, brick, concrete, plasterboard and rubble.
Although there is some split treatment of these materials in some jurisdictions, these materials are typically disposed
of together—and much of it ends up as rubble, which makes it difficult to determine the original quantities.

Figure 5: CDW generated annually by states and territories. Composition of CDW materials: 2019
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Source: Pickin, Wardle et al. (2020), adjusted by ABS (2022b) 8752.0 Building Activity, Australia, ‘Value of building work done, states and
territories-chain volume measures and number of dwelling unit completions by sector, states and territories: original.

2.2 Modelling results

2.2.1 Materials and embodied carbon flows

The housing construction assumptions in the MFA model are used to determine the flow of construction materials
into the sector for the period 1970-2020 (see Figure 6). Variations in the flows are associated with the volatility of
house completions data. The figure shows that these flows are increasingly dominated by concrete and brick, which
together account for almost 90 per cent of the weight of construction materials after 1980.
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Figure 6: Annual estimate of material flow into residential detached construction: 1970-2020
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The material flows could be used to estimate the embodied GHG emissions resulting from materials flowing into
the residential construction industry. This type of analysis would require additional knowledge of the materials
used in construction and its life-cycle impacts. However, a simplified value can be assigned using material-embodied
GHG coefficients from the Environmental Performance in Construction (EPIC) database (Crawford, Stephan et al. 2019).
Results for the MFA embodied GHG emissions are given in Figure 7. This shows that over 50 years, the embodied
GHG emissions in residential building materials have almost doubled from 3.2 million tonnes CO,-eq in 1970 to 5.7
million tonnes CO,-eq in 2020.

Figure 7: Estimated embodied carbon in the material stock: 1970-2020
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Source: MFA model, primary and secondary data, coefficients from EPIC database (Crawford, Stephan et al. 2019).

In this study, multiple data sources with different time frames were combined in a spreadsheet-based MFA model,
depicted in Figure 6. Housing data, including the number of houses constructed and average house size, is available
for the past 50 years. Housing construction-material data is only available for the past five years. However, when
this data is combined with historical assumptions, it is possible to estimate housing-material use over the past

50 years. With estimates of the material quantities in the housing construction, these datasets can be used to
estimate the material flow into the residential-detached construction industry for the period 1970-2020.
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2.2.2 Stock and flow analysis

Material input flows are combined with the waste output flows to develop the overall stock and flow analysis (see
Figure 8). Due to the limited waste data available, the stock and flow analysis is restricted to the period 2007-2019.
Figure 8 indicates that new materials being used in construction are more than double the flow of waste out—which
shows that the stocks in use of predominantly new or virgin materials are growing rapidly.

State-based and territory-based stock and flow analyses are shown in Figure 9, which show a similar trend, with
increasing material stocks for New South Wales (NSW), Victoria, Queensland and Western Australia. The slight
decrease in material flow for QLD and WA reflects the decrease in both floor area and the number of constructions
over the period 2007-2019%.

New South Wales has a smaller gap between material flow in and waste out, resulting in a flatter increase in
material stocks, whereas Victoria has a large difference between material flow in and waste out. This is reflected
in the average waste to construction rate, which in 2019 was 0.27 tonnes per square metre of new construction for
NSW, and 0.18 tonnes per square metre of new construction for Victoria. While this could be an indication of poor
waste performance of NSW, the data available is not sufficiently reliable to draw conclusions.

Figure 8: Overall stocks and flows for residential construction: 2007-2019
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Source: MFA model, primary and secondary data.

4 We used a split-based approach of the market share of residential construction, assuming that waste is split proportionally, as this is
all that can be done with the available data.
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Figure 9: State-based stocks and flows for residential construction for NSW, Vic, QLD and WA: 2007-2019

NSW
200 6
§.1?s 5
<150
§ 4
&
= 100 3
g 2
[1°]
=
™
£ 1
el
0

2007 2009 2011 2013 2015 2017 2019
B NSW e \aterial Flow In  ====Waste Flow Out

QLD
200 6
_175
5
2150
-
8125 4
wy
= 100 3
@
g7 g
Z 50
m
B 25 %
0 0

2007 2009 2011 2013 2015 2017 2019
QLD epaterial Flow In  ==——\Maste Flow Out

Source: MFA model, primary and secondary data.

Flows in / out (Mt/year)

Total Material Stock
u
=1

Flows in / out (Mt/year)

Total Material St

75

e}
w

0

2007

125

o
NU’I'\IH
UlOu18

0

. VIC

2007

WA

ViC

2009 2011 2013
- l\\aterial Flow In

WA

2009 2011 2013
= \\aterial Flow In

Figure 10: Material flow into and out of detached residential housing in Australia: 2019

1

0
2015 2017 2018

—N/aste Flow Out

1

0
2015 2017 2018

=} aste Flow Out

Source: MFA model, primary and secondary data.

AHURI Final Report No. 402 Building materials in a circular economy

Flows in / out (Mt/year)

Flows in / out (Mt/year)

30



2. Housing materials stocks
and flows

The flow of construction and waste material in and out attributable to detached housing for each state and
territory can also be visualised using a Sankey diagram®, presented in Figure 10. This diagram visualises the
flow of waste materials from each state to recycling, disposal, and energy recovery.

2.2.3 Material investigations

Stock and flow Sankey diagrams are presented for the two major materials in use: concrete and brick (see Figure
11 and Figure 12). These figures are based on the modelling of available raw materials and import/export industry
supply-chain data. Often only aggregate data on products was available. This does little to help CE thinking as it
does not take into account product variations and end uses. The data presented in the figures is on an annual
basis. However, it provides limited insights into the Australian industry for individual construction materials and
their associated market application, particularly as aggregated data is often presented in financial terms rather
than volumes. However, it is useful for identifying data gaps and visualising the material supply-chain context.

Figure 11: Brick manufacture, use and waste for detached residential housing in Australia using MFA analysis: 2019
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Source: MFA model, primary and secondary data.

5 A Sankey diagram is a type of flow diagram in which the width of the arrows is proportional to the flow rate of the material. The Sankey
diagrams presented in this report can be accessed interactively at https://construction-analytics-uow.shinyapps.io/mfa-sankey/.

AHURI Final Report No. 402 Building materials in a circular economy 31


https://construction-analytics-uow.shinyapps.io/mfa-sankey/

2. Housing materials stocks
and flows

Figure 12: Concrete manufacture, use and waste for detached residential housing in Australia using MFA

analysis: 2019
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2.3 Data gaps and modelling limitations

During the course of the research, significant gaps in data were identified, which limited the accuracy and usefulness
of the MFA modelling. These gaps were confirmed through interviews with building-industry stakeholders, and are

summarised in Table 9.

While the data gives an overview of the material flow, it did not provide insights into material stocking points

or inventory along the supply chain, and alternate reliable industry sources have not been identified. The stock
and flow analysis diagrams, as presented, are of limited use for informing CE thinking and practice, as reuse of
materials is not identified. There is a market for reuse of waste bricks—however, the size of the market is not
known, and there is no data about brick reuse. In the case of concrete, and bricks that are not reused, waste is
predominantly being downcycled into road base at a local level, or even landfilled. Hence, stock and flow analysis
at a regional or state level would be more valid for understanding CDW flows.
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Table 9: Identified data gaps

Data issue Example or quote Source
Salvaged materials and reuse of The salvaged-material market is growing, especially with a growth in Participant 7
materials not captured environmental awareness. However, the market is not regulated and

market participants are not required to report.

Compulsory data capture from ‘A lot of documentation is handwritten information and hard to read and/ Participant 4
the construction industry is or categorise. A large number of results end up in the “Other” category!”

inaccurate and incomplete ) ) -
Number of storeys in a house and framing material is not recorded.
Houses comprising mixed constructions (e.g. brick-veneer ground floor
and fibro-clad top floor) can only be assigned to a single wall type, so
only one material is chosen and the other data point is lost.

Uncertainty around floor area of house used—inconsistency with ABS data.

Industries predominantly supply No information available for how much material is used in residential vs  Participants 2, 3, 6
aggregated data, which provides commercial construction.

little insight and end-use , ) ) o
We have transparency into how much material we supply retail with, but

transparency ) ; .
where it goes from there—no idea.
Inaccurate and incomplete Waste data is highly aggregated and not available at a regional (council)  Participants 1,5
waste data level. It has only been collected for the last 14 years, and not collected
every year. There are inconsistencies in how states report data, and
categorisation of waste into sub-types is not always available.
Inconsistent data capture Industry material data is often presented financial data, which does not  Interviewee 1

easily translate to a volume. Material quantities used onsite are often not
in an easy to use form (e.g. lineal metres of a wall, which does provide
information about the material used; square metres of insulation which
has a set thickness) and requires conversion and estimates. Window
sizing is measured by window to wall ratio rather than absolute value.

Source: Authors

Historic data on the construction industry has been accessed from the ABS database to improve estimates of
the current building stock. Data issues and gaps have been identified when determining the in-use stocks and
flow of building materials into and out of residential housing. MFA is possible for construction material analysis
at an aggregate level. However, little transparency is provided in terms of the application of that material and the
predominant use. For example, the timber industry has overall volume data but would not be able to determine
how much of that material is being supplied to the residential housing market (Interviewee 3). Many CE initiatives
are regionally based, which means that aggregate state or nationwide data is less meaningful when informing
localised circular problems or opportunities.

As part of the NatHERS certificate, builders are reporting to the Australian Housing Data Portal to determine energy
efficiency ratings. The data provided is useful for MFA modelling. However, the data sheets provided by the construction
industry are incomplete, and the accuracy of the data is not fully reflective of the actual build (see Table 9).

An additional data gap relates to salvaged and reused materials. Currently, no data is captured or made available

on this particular niche or subsection of the construction industry. Finally, capturing sources of construction waste
data is incomplete and inaccurate. Currently, available data sources cannot distinguish between demolition waste,
construction waste and manufacturing waste.
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2.4 Policy development implications for materials stocks and flows

There are large data gaps that challenge researchers who are seeking to identify and quantify the stocks in use in
the residential housing sector. Further, the databases containing relevant data are not connected. Addressing data
gaps by identifying new data sources and expanding available data that can be used by decision-makers at local,
regional, state, territory and national levels is essential for the development of a CE within the housing system.

Itis estimated that concrete and bricks constitute the largest flows of high-carbon construction waste going into
and coming out of the housing system. Currently this type of CDW is being downcycled and used to supplement
regional road and railway line infrastructure projects (e.g. roads and railway line ballast). It is unlikely that a high-
value reuse strategy for concrete and bricks, similar to the scrap steel industry, will develop. It is important that
data that can be used to make decisions about the best reuse of these heavy carbon-intensive materials is made
available for local and regional decision-making.

Closing data gaps

In order to achieve impact in practice, database development is required that captures the material composition
of buildings long-term through the use of ABD and material passports; this would allow information flows along
the supply chain and support better coordination of supply and demand of materials. Also, data on the flow of
reuse of salvage of materials must be captured so that the nature and extent of circularity is monitored.

Improving data relevance

The research revealed that the housing industry is a fragmented industry. For example, Western Australia continues
to largely build houses using double brick, whereas brick veneer is the norm in NSW and Victoria. Also, there are big
differences between urban and regional Australia in the use of cladding materials. Data series should be developed
so that they can be used to reveal the geography of material use in residential housing design and construction.

Improving data accuracy

Data sources should be triangulated. ABS and CSIRO data provide a basis for top-down analyses of the materiality
of the residential housing system. This data could be complemented by local council bottom-up data drawn from
planning and building permit systems. Similarly CDW data could be drawn from local government landfill and
demolition permit systems.

Accountability and accuracy

Higher accountability, responsibility and accuracy in the reporting to the CSIRO by the main contractor is required,
so that more comprehensive and accurate data is available. Mandatory digitalisation of the residential construction
industry, through the introduction of lodging of ABD and material passports, would allow for accurate representation
of stock in-use and tracking of construction materials over the lifespan of the dwellings.

Regional and local data

Further, our research highlights the need for regional and local data. This data will enable local government to track
material flows and CDW. This will inform the way they contribute to the development of local strategies for the reuse
of CDW, as well as for the planning of future infrastructure projects and residential developments.
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e The Cape and Nightingale Village case studies considered material
circularity against the background of measures that are already reducing
operational energy and GHG emissions.

e Examples of circularity included reuse of brickwork, repurposing timber
framing into furniture, recycling material offcuts and reducing the number
of claddings on a building.

e On-the-job training was provided to the builders and subcontractors to
produce houses that were efficient thermally by using thermal bridges
and draught proofing.

e Challenges included financial costs for disassembly, material stockpiling
restrictions and financial constraints.

e Future policy should consider mandates for embodied energy (EE) to be
included in the building code.

3.1 Introduction

The question guiding this section is:

What supply-side drivers and dynamics can increase the contribution that building materials
production and distribution can make to a CE?

Cape Paterson ecovillage (‘The Cape’) was conceived in the early 2000s, and in 2003 the developer purchased
the greenfield land. The site is located on the outskirts of Cape Paterson, a rural town approximately 120 km
south-east of Melbourne. After a lengthy process, planning approval was granted and construction started in
2013. Completion of The Cape is expected in 2024. It will contain around 230 detached homes, some short-stay
accommodation dwellings, a conference centre, a community building/education centre and a community urban
farm. The site is approximately 40 hectares, of which 50 per cent will be open space, and is being revegetated
(The Cape 2021; The Cape Ecovillage 2020). The design and construction of houses follows design guideline
requirements that go beyond minimum standards.
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Purchasers work with the developer to produce a bespoke design for a detached house that meets design
guidelines requirements and a NatHERS 8.5-star energy rating. In the main, these houses are sited on a concrete
slab. However, there is considerable variation in the materials used for the building envelope. There are double-brick
and brick-veneer walls, as well as walls clad in timber and manufactured lightweight claddings (Figure 13, right). Roof
design and materials vary and include roof tiles and Colorbond metal. The walls and the roof spaces are insulated
with high R-ratings materials and the windows are double-glazed.

The Park Life building (Figure 13, left) is one of six apartment buildings in the Nightingale Village (Nightingale Housing
2022b). The six neighbouring buildings were each designed by an award-winning architect using the guiding principles
of the Nightingale Housing model (Nightingale Housing 2022a). The total site is approximately 4,500 square metres
(Perinotto 2017), and will deliver around 200 apartments, which range from 27 to 42 apartments per building, and
with seven to eight storeys in each (Nightingale Housing 2022a). There is also a range of non-residential space
located across the lower levels of many of the buildings. The site is located 200 metres from the key activity centre
of Sydney Road, Brunswick, five kilometres north of Melbourne’s CBD, and 250 metres from the Anstey railway station.

The Park Life apartment building has seven stories and contains 37 apartments and two commercial spaces.
Each apartment has an average 9+ stars NatHERS rating. The building has a reinforced concrete structure with
loadbearing concrete wall panels and concrete floors. The windows are double-glazed and mounted in aluminium
window frames. The stairwell running up through the building also facilitates airflow. The top floor is a common
area that provides residents with a common laundry, an amphitheatre, and an area for growing food. Specific
sustainability features include: all electric, no gas; an embedded electricity network supplying 100 per cent
GreenPower; rainwater collected for common-area use and commercial tenancy toilets; reticulated hot water
heat pump system; secure bicycle parking, close to public transport and easy access to 10+ car-share vehicles.

Figure 13: Nightingale Village (left) and The Cape (right) construction sites: January 2022

Source: Photographs by the authors, 2022.
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In Australia, the key principles underpinning a CE are often referred to as the ‘3Rs": reduce, reuse, and recycle.
Potting, Hekkert et al. (2017) extend these by setting out 10 strategies for a CE. The first and most important
strategies relate to smarter manufacturing and product use. These are to:

» refuse products—such as avoiding plastic packaging

» rethink—through intensive product use, product-sharing or multi-functional products

» reduce—by increasing manufacturing efficiency and using fewer natural resources and materials.

Second, there are strategies that extend the lifespan of products and parts in both new and existing buildings.
These include:

e reuse products in good condition and fulfilling their original function

* repair and maintain products

« refurbish by repairing and updating old products

« remanufacture by reusing product parts in new products

* repurpose by using a product, or product parts, in new products.

Third, there are two least preferred CE strategies that focus on the use of waste. They are:
* recycle by reprocessing materials to the same or lower-grade quality

e recover energy by incinerating materials.

Within the building sector, recycling is more common than reuse, although the potential economic and
environmental benefits of reuse are believed to be significantly greater (Eberhardt, Birgisdéttir et al. 2019).

3.2 The Cape: Cape Paterson, Victoria

At The Cape, there was an emphasis on minimising material where possible, as well as selecting products that
were more natural and less manufactured:

[We are] trying to minimise the amount of products we're using ... So with a lot of our homes, we
try and stick to a minimum two claddings rather than having a whole bunch of different products;
and [we] particularly tried to steer away from a lot of manufactured products ... and try to stick with
more natural products. (design and build manager)

This reduction of material meant less to recycle at the end of the lifespan. It also helped with reducing waste
through reusing leftover material for other homes:

The effect of using less materials in the home reduces that [waste] significantly ... So you might
see homes that have five or six different claddings on them, there’s going to be a lot of offcut from
all those different products. Whereas if you've just got timber and say, a metal cladding, you've got
much less offcuts of those; and you can get your quantities right much easier and not have to buy
as much product. So that’s definitely a really important factor in doing that. But also, by keeping a
similar tone throughout homes and steering our clients towards similar products, we can reuse any
leftover material from one job to another. So that certainly helps reduce any waste as well. (design
and build manager)

Future disassembly and reuse was also considered:
If we do have to do a demolition, we're trying to separate all the metals, separate bricks, things like

that, and send them off to a better home to be reused, if they can’t be reused on the home itself.
(design and build manager)
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Brickwork was a common example of where this had occurred:

The internal thermal-mass walls are all recycled beautiful red brick. So that would just be a matter
of pulling apart the build and repurposing the material. (developer)

Other materials were more challenging to reuse, but still possible. For example, timber members in the wall linings

would not be reused to structurally support a house in their next life, but could be repurposed to have another
function, such as furniture:

One thing we steer away from a little bit in terms of any [wall] linings and things like that is reuse
of timber, because it's more from the warranty perspective, because once you take it out of the
environment it's currently in and put it in a new one it can warp, twist and change. So, we generally
try and steer clients towards maybe getting a furniture piece made or something like that from
those materials. (design and build manager)

Material selection and choices were made with consideration for the end-of-life:

We use corrugated claddings all the time, we know that they can be recycled being a metal
cladding; and then timber claddings, something that we use predominantly in our homes as
well, is a product that can be reused or repurposed down the track. (design and build manager)

This included many materials within the home, such as the kitchen benchtops:

Looking at different types of stones; so rather than the standard, reconstituted stones, we are
looking at products like recycled glass, and other recycled products as part of their benchtops
as well. (design and build manager)

This includes materials used around the homes, such as recycled concrete for footpaths:

We strongly encouraged low-grade alternatives, low-grade concrete. We use recycled materials
in our road base, in our concrete, for footpaths and that sort of stuff. (development manager)

To assist in achieving circularity goals, there was preference for manufacturers and installers who considered
recycling. For example, plaster installers would recycle waste:

As the plaster is going on the walls, behind me here, we'll probably have five or six sheets that have
cuts and things left over. And the [plaster installers] actually have got a recycling system as part of
their product as well. So, they’ll come in and take any leftovers away and recycle. (design and build
manager)

There were financial challenges with delivering circularity across the dwelling life cycle. Increased building
costs had reduced choice in material selections:

And the other thing is that that's because building costs are expensive at the moment, that drives
some of the material selection that we can use. (building designer)

At the end-of-life, there is also a lack of economic incentive to disassemble and reuse or repurpose materials:
It's actually cheaper and easier for a builder to come in and just grab the house and throw it in the
tip. Basically, instead of someone coming by and then pulling it apart, you know, stick by stick, and

recovering stuff. So, you know, the economics of recycling old homes doesn’t stack up financially.
(building designer)
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As well as financial cost concerns, there were also challenges with building code compliance for new, innovative
and sustainable products:

For manufacturers who are trying to manufacture more sustainable products, it can be really hard
to get those tried, tested, approved [and] into homes and complying with the NCC. So, | think that's
been a challenge, because the NCC hasn't had a focus, or not enough focus, on sustainability aspects
of the build, as well as giving a bit more freedom to push that bar. (design and build manager)

While there were many examples of circular thinking with building materials, there was also an admission that the
main priority was operational energy:

Look, there is consideration to the whole life cycle, and there is consideration to embodied energy
and the sustainability of virgin material, and that is discussed in the guidelines. But | think it's fair to
say that our priority is on the operational energy use. (development manager)

This was highlighted through the striving for minimum star ratings across The Cape:

So the driver was to comfortably achieve the minimum standards that we set in the design
guidelines, which was 7.5-star energy-efficient, all electric fit-out. (developer)

To help achieve this they were required to educate and challenge the builders to work differently from normal:

We take them over, like thermal bridging, and how important it is to, to try and stop these breaks.
And just to do a few other things that they normally wouldn’t do, like we showed them how to seal
the house right up on the external junctions of a timber frame; we get them to put under-slab
insulation in there while they’re building, so that we stopped that thermal bridging; we batten out
a lot of the materials so that we have that air gap outside; and, obviously, sealing up windows and
doors, and things like that. (building designer)

3.3 Nightingale Village: Brunswick, Victoria
At Nightingale, there was an approach that focussed on material reduction:
There was an ethic about don't stick anything on that doesn’t need to be there, every surface

should be integral. You know, if you shake it and it falls off, it shouldn’t be on the building in the
first place. (urban designer)

This approach went against beliefs about what ‘the market’ wanted:
That's the great lesson of The Commons and Nightingale—how much you could avoid unnecessary
claddings and finishes that are added to buildings because we think that's what the market wants
... we can strip that out. So, there's certainly an embodied energy component to the removal of
aluminium panel, minimisation of plasterboard, and others. (urban designer)

Architecturally, the minimalist design acted as scaffold for residents’ possessions to become the architecture:
There was an idea that instead of lavishing the facades with ... ‘architecture’, it was better to

create a scaffold for people’s lives that would allow their possessions to become the architecture.
(urban designer)
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There were some examples of recycled materials, such as recycled brickwork in landscaping areas and timber

flooring, but this was not delivered at scale:

[Nightingale Skyhouse] has a recycled timber floor. So that is a hardwood. It's a 20-millimetre

product, it was recycled before it came to our building. And it's old-style top-nailed, can be removed

and reused elsewhere, as it was before it came to this site. And you know, we love doing that. But
that's, that’s unique to that building because it becomes pretty tricky to deliver that at this scale,

actually, to do with supply chain, there’s not that much recycled timber flooring out there since we

did it. (architecture and sustainability director)

Though there were challenges preventing more widespread reuse of materials, such as cost and storage:

One of the big barriers to material reuse onsite, even for Nightingale, is logistics and storage. So
Nightingale sells their bricks to a yard and Kensington [Assemble Housing] buys them back from
somewhere else because they can't pay the cost of rent during that time. (urban designer)

There was also an acknowledgment that materials were not particularly selected for their ability to be reused

or repurposed at the end-of-life:

| wouldn’t say there is a material in there that is specifically innovative when it comes to circular
economy by intent. | think it's a timing thing, right? Like, if you look at European Commission,
circular economy sort of guidelines that were being written in 2014, people have only just started
talking about them in Australia in about the last three years. So it's sort of, | think, at the time,

it wasn't something that was as high priority, | was certainly familiar at the time with design for
disassembly as a principal. (urban designer)

Between buildings, there was also a focus on material reduction:

There’s kind of not a lot of materials in between spaces. It's kind of pretty much the rule buildings.

We've got no ceilings, and we just got the pavers. So from my building, no, | don’t know anyone
else’s intimately. But no, | suppose it's almost like, return back to that idea of being [reductionist]
rather than recycled. (architect)

One of the main drivers for the reductionist approach was financial cost:
| would actually say that the buildings have become much more bare bones through the process,

largely because of cost. But | think that was our ambition at the start, anyway, was not to be too
lavish. (urban designer)

Being innovative with material choices was also challenging within the medium-residential space, as builders

would price-penalty materials that they viewed as risky:

| think this is where the rubber hits the road with the problem with circular economy principles. We

are all price-takers in designing construct contracts with builders. So, Nightingale can have any
aspiration it wants, but whoever is building the building, they will name a price, they will name the
terms, and they'll price the risk. And as long as a builder sees certain materials systems as risky,
they are just going to put a relatively arbitrary price on that as a penalty. Because of the nature
of you know ... you could call it economic theory, you could call it a cartel effect of the building
industries. Having this command, particularly of materials such as precast concrete, that really
artificially penalises other materials that might be more suited to achieving the things we need.
(urban designer)

The land value and scale meant medium-residential villages appeared to have greater challenges related
to financial costs in obtaining the sustainable design they desired. This reduced material choices away from
more sustainably desirable materials such as timber, and towards cost-effective materials such as concrete.
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3.4 Assessment of findings against Rs framework

The central focus at The Cape and at the Nightingale Park Life apartment building was on energy efficiency and
meeting a NatHERS star rating. While the reduction of embodied energy was not featured, there was still some
consideration given to the reduction of materials, waste management, and the use of recycled materials. The
designers of both case studies recognised issues that challenged movement towards circularity, specifically:

» thefinancial cost of planning for building disassembly at the end-of-life
» how costs restricted the choice of lower-carbon materials and alternative construction methods.
Nevertheless, initiatives had been made that could be recognised as CE measures and aligned with one of

strategies in the framework created by Potting, Hekkert et al. (2017). The assessment of findings, using the
Rs framework by Potting, Hekkert et al., is synthesised in Table 10.

Table 10: Synthesis of case-study findings using the Rs framework

R-framework Explanation Case-study example Related case-study quote

RO  Refuse Make product redundant by Refusing materials ‘They reached out to a lot of suppliers
abandoning its function or by delivered in plastic and requested that things weren't
offering the same function witha  wrapping plastic-wrapped.’

radically different product

R1 Rethink Make product use more intensive, Contractors sharing ‘We'll grab one machine rather than
by sharing a product equipment, plant and needing to grab one each. So little
machinery during things like that we're doing, just
construction to work in together. Same as with

temporary fencing.’

R2  Reduce Increase efficiency in product Reduce number of ‘We try and stick to minimum
manufacture or use by consuming claddings claddings.’
fewer natural resources and
materials

R3  Reuse Reuse by another consumer Reuse of brickwork ‘So the bricks were salvaged, and
of discarded product that is still they've been reused in building.

in good condition and fulfils its
original function

R4 Repair Repair and maintenance of a Building materials are ‘Instead of painting the concrete ...
defective product so it can be repaired and used. Also and then there’s a maintenance issue
used within its original function consideration of how to ... we looked at putting a pigment

reduce future repair work. through the concrete.

R5 Refurbish Restore an old product and bring  Materials restored and ‘There’s nice, beautiful hardwoods
it up to date brought up to date in the ceiling ... when you pull this
place apart, make sure that you
recover all that.

R6 Remanufacture Use parts of discarded product Timber used for furniture  ‘We generally try and steer clients
in a new product with the same towards maybe getting a furniture
function piece made or something like that

from those materials.’

R7  Repurpose Use parts of a discarded product  Brickwork used for ‘There’s definitely some recycled
or its parts in a new product with  landscaping bricks in some of the landscaping
a different function areas.’

R8  Recycle Process materials to obtain the Using recycled materials  ‘We use recycled materials in our
same (high-grade) or lower (low- in road base road base.

grade) quality

R9  Recover Incineration of material with Timber is burned for ‘I will probably churn it up and use
energy recovery energy it for firewood.

Source: Authors, participants.
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3.5 Policy development implications for circularity approaches

The material strategies in both case studies had different circularity approaches. The Park Life Nightingale Village
case study focussed more on reduction, while The Cape appeared to focus more on strategies that included
materials reduction, but also refuse, reuse, rethink and repurpose.

Energy efficiency is mandated within the NCC, but as yet there are no requirements to measure and reduce the
carbon footprint of buildings. Policies that could contribute to reducing embodied energy include the following.

Incentivising disassembly

The findings revealed that it was difficult for developers and builders to justify the costs of disassembly of existing
buildings as the cost of disposing of materials in landfill is less. There is an opportunity for policy to encourage
disassembly and material reuse by linking these practices to a broader reduction strategy, which would reduce
built-environment embodied carbon.

Facilitating practical disassembly challenges

Regulations on recycling and reuse, such as ‘Recycled First’ in Victoria, tend to focus on the ‘end-of-pipe
solutions’ as a means for encouraging CE. They do not embrace the higher-order R-principles, such as reuse,
rethink, repurpose or remanufacture. For example, regulations could support the stockpiling of disassembled
construction materials suitable for reuse.

Changing work practices through training for energy efficiency and CE

Contractors at The Cape were educated and challenged to change their work practices to build more energy-
efficient buildings, and to test for energy efficiency by blower door testing® the houses upon completion.

6 Blower door testing is a method to verify air tightness in construction, which quantifies the amount of air leakage.
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e The concrete and steel industries have committed globally and nationally
to emission-reduction ‘pathways’, and are developing decarbonisation
strategies.

e Timber is a biomaterial and a means for lowering embodied carbon in
housing. But timber use remains limited in Australia, particularly in the
multi-unit apartment industry.

e Builders source materials from suppliers with little or no assessment
of the embodied carbon levels created during the manufacture of those
materials and their journey along industry supply chains.

e Education and training systems could increase understanding by housing
industry participants of embodied carbon in building materials.

4.1 Introduction

Housing industry builders draw materials for house and multi-unit apartment construction from many supply
chains. They can be mapped using the IBISWorld Industry Research Reports, starting with the HCl and MUATCI
sectors within the ANZSIC Construction Division (Kelly 2022b, 2022a). Because residential building projects are
time-limited, one-off projects, these supply chains are being continuously dismantled and remade. Our mapping
established that 27 industries deliver products and services to a residential building site where a house or apartment
building is being constructed (see Appendix 4).

The question addressed in Section 4 is:

What are the prospects for reforming material supply chains so that they increase their
capacity to contribute to a CE?

To answer this question, we examined three case-study building materials: concrete, steel and timber. These

materials have been layered into the housing stock over many years, and continue to be used in construction
by the HCI and MUATCI builders to build new housing and to retrofit and maintain existing stock.
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Each material was examined by focussing on four themes:

1. Embodied carbon: carbon emissions associated with the provision of raw materials, materials manufacture
and use in building construction—including transport.

2. Industry structure: industries have distinctive features and characters evident in the size of businesses,
capital intensity of businesses, competition and geography.

3. Innovation: change in business practices, processes, techniques, products and services brought about
by using knowledge and skills.

4. Industry challenges: substantive issues require innovation and technical change, along with institutional
change in pursuit of decarbonisation.

These materials were chosen as case studies for three reasons. First, ‘globally, cement and steel are two of the
most important sources of material-related emissions in construction’ (Adams, Burrows et al. 2019: 24) and
‘reinforced concrete and steel frames underpin most of today’s global buildings construction’ (IEA 2019: 54).

Second, phasing out the use of these materials is not a realistic option, given the habitus of centuries of concrete
and steel use. Instead, decarbonisation of material production and smarter material use and reuse has become
the focus.

Third, timber can be used as a structural material and, at least in part, could replace the use of concrete and
steel. Some argue that growing trees sequesters atmospheric CO,, which means that growing trees and using
structural timber buildings can act as carbon sinks (Churkina, Organschi et al. 2020).

Embodied-energy (EE) intensity, which is the combination of material quantity and EE coefficient of materials,
is highly uneven across the housing system. According to Li, Foliente et al. (2021), housing typologies should be
considered when analysing the life-cycle energy of residential buildings. Such analysis would typically include
housing type, construction type and year. Materials are part of the equation as they have different EE levels and
contribute differently to energy use, depending on building characteristics.

Six main materials contribute to residential EE: concrete, timber, brick, steel, plasterboard and carpet (Li, Foliente
et al. 2021). The level of EE contribution is influenced by time, as the service life of some materials in older dwellings—
such as carpet and plasterboard—is shorter than others in new housing, which results in higher recurrent energy.
Housing type also matters, as apartment EE intensities are higher than houses by nearly 20 per cent. Timber has
the lowest EE intensity of the three materials, whereas reinforced concrete has the highest (Li, Foliente et al. 2021).
Less material is required for timber housing, whereas reinforced concrete apartments require large quantities of
concrete and steel with high EE coefficients (Li, Foliente et al. 2021).

4.2 Concrete

Residential housing construction uses 30 per cent of Australian concrete (VDZ 2021: 9). However, the resulting
carbon intensity of the two main housing types (HCI and MUATCI) is different. Apartments are 18 per cent more
carbon-intensive than houses. This is because ‘apartments are mainly constructed of concrete, whereas houses
are typically built of brick veneer, timber, and double brick’ (Li, Foliente et al. 2021: 8). Although there has been
some decarbonisation of concrete in recent years—approximately 20 per cent—with further decarbonisation

a prospect, there is a problem: overall, the carbon intensity of residential housing has been increasing.

The origin of this problem is found in urban and housing policies supporting the densification of suburban
metropolitan capital cities, which result in an increase in the construction of new apartments. The successful
implementation of this policy is evident in Figure 1, which shows the changing mix of new housing construction.
The proportion of detached houses has decreased, while the proportion of apartments has increased. An
unintended consequence of densification policy has been an increase in the carbon intensity of the Australian
housing stock. This is likely to continue, perhaps mitigated by further decarbonisation of cement and concrete
manufacture, design and use of lighter-weight concrete structures or use of alternative materials that are less
carbon-intensive.
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4.2.1 Carbon in concrete

In 2018, the cement industry produced about 7 per cent of global CO, emissions, and was the third-largest
industrial energy consumer (IEA 2018). The industry has improved the energy efficiency of cement production
and reduced its carbon emissions since 2009 (IEA 2018), and there are commitments from the cement industry
at the global level to continue this improvement (GCCA 2021). However, the production and use of cement has
been increasing and global cement consumption is projected to increase by 12-23 per cent by 2050. In Australia
cement and lime industry production is one of the highest emitters of CO, (Kelly 2021a: 47).

Globally, the industry began planning for decarbonisation in 1999, when the World Business Council for
Sustainable Development (WBCSD) commissioned a report Toward a Sustainable Cement Industry (Battelle
Memorial Institute 2002). This led to the formation of the Cement Sustainability Initiative (CSI) and publication of
the Agenda for Action (WBCSD 2003). In 2018, the CSI spun off from the WBCSD to become the Global Cement
and Concrete Association (GCCA).

The GCCAis the principal association at the global level (GCCA 2021). It commits to percentage reductions in
CO, emissions to be obtained across the manufacturing and use of cement and concrete. National industry
associations are using the GCCA framework in country-specific decarbonisation roadmaps.

The NGO Beyond Zero Emissions (2017) was the first organisation in Australia to put cement GHG emissions on
the agenda. Formal industry engagement with climate change followed when Cement Concrete and Aggregates
Australia (CCAA) joined GCCA in late 2019. Industry leaders recognised that the industry was ‘being left out of
Australian conversations [about climate change], especially at a national level’ and that decarbonisation documents
were ‘appearing around the world’ (Participant C2).

Further, larger cement manufacturers were listed in the National Greenhouse and Energy Reporting (NGER)
Scheme? (Clean Energy Regulator 2022). Policy will be updated following the 2022 change of government through
a commitment to require the Clean Energy Regulator ‘to determine revised baselines for each facility in close
consultation with industry’ (Australian Labor Party 2021).

In 2020, industry leaders responded by commissioning an Australian decarbonisation pathways report that
committed to net zero emissions by 2050, prepared by VDZ (2021). In the ‘lead up to COP26’ it was conceived
of as ‘an outward-looking document [...] endorsed by the cement and concrete industry ... [as] previously you
didn’t have anything of that detail in the public domain’ (Participant C2).

Beyond the two lead industry associations, the Cement Industry Federation (CIF) and CCAA, contributions to cement
decarbonisation through the supply chain are uneven. Larger manufacturers have developed some capacity. As
Participant C2 notes, ‘it's only really Boral, Holcim, Hanson, Adbri, and maybe one or two of the next level down
[...]the big guys do that because they have the resources to be able to take part in this. Although there are signs
that ‘some larger Tier 2s are developing responses to both this [decarbonisation] and the market pull that has to
happen to get this happening’

Decarbonisation is primarily a ‘big guys’ responsibility, as they produce lime which produces CO, emissions.
Limestone (Ca03) is the main ingredient, which is ‘calcinated’ in high-temperature rotary kilns to produce calcium
oxide or lime (CaO) plus CO, emissions. This calcination process produces approximately 55 per cent of total cement
and concrete CO, emissions in five integrated cement plants that supply 60 per cent of Australian cement. The
other 40 per cent is manufactured from imported clinker and milled into cement.

7  The National Greenhouse and Energy Reporting Act 2007 (NGER Act) is the national framework legislation for reporting and disseminating
company information about greenhouse gas emissions, energy production, energy consumption and other information specified under
NGER legislation.
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Cement from both sources contributes the largest total of industry emissions. Participant C2 describes the
concentration of embodied carbon created by calcination in cement manufacturing: ‘Cement is about 12 per cent
of the mass of a cubic metre of concrete, but it's actually about 88 per cent of the carbon load of a cubic metre of
concrete’ Another three types of emissions contribute to total emissions:

» 26 per cent are fuel-based emissions created through heating the kiln
» 12 per cent are indirect emissions from electrical energy usage

» 7 percentare from transporting cement and concrete to the customer (VDZ 20217).

4.2.2 Concrete industry structure

Following significant industry restructuring, there has been a reduction of cement manufacturing plants from 13
in the late 1990s to five in 2022. These five plants are owned and operated by three industry groups. In 2018-19,
these five plants produced 5.6 million tonnes of clinker. Also, lower-cost manufactured clinker is imported from
Japan, Thailand, Indonesia, Malaysia and China. The volume of imported clinker has risen steadily, and in 2018-19
was 4.1 million tonnes. This clinker is manufactured into cement at 14 grinding plants owned by seven companies
(VDZ 2021; Kelly 2021a).

The structure of the cement and lime manufacturing industry can be understood by focussing on three dimensions:
concentration, vertical integration and capital intensity.

Industry concentration

Industry concentration in the cement and lime manufacturing industry is moderate (Kelly 2021). This is evident
in the 39.4 per cent market share (MS) of industry revenue flowing to the three main manufacturing groups:

e Adbri (MS 19.4%)
» Cement Australia Holdings (MS 11.5%)
» Boral Limited (MS 8.5%).

These manufacturing groups also make the industry highly globalised, with approximately two-thirds of productive
capacity in foreign ownership (Kelly 2020: 29). Smaller businesses largely focus on particular products, such as
small-scale lime production, specialty cements and precast products, and often relate to regional markets or raw
material quarries.

Vertical integration

Industry concentration is closely associated with vertical integration. It extends back to raw material supplies in the
Tier 2 gravel and sand quarrying industry, where subsidiary companies of the three main groups have a 70 per cent
market share medium-level concentration (see Figure 14). Similarly, manufacturers obtain materials from rock,
limestone and the clay-mining industry, which has a 26 per cent MS concentration. Vertical integration also extends
forward into the Tier 1 ready-mixed concrete manufacturing industry, which consists of approximately 1,500 geographically
distributed batching plants. These plants prepare and transport aggregates to building and construction sites. This
industry has a medium-level (66%) MS where four large vertically integrated multi-plant firms, which account for
over two-thirds of annual industry revenue (Kelly 2021b: 9).

Concentration and vertical integration can create conditions for price-fixing and market sharing (ACCC 2022). But,
at the same time, concentration and vertical integration also have the potential for developing and implementing
decarbonisation strategies. Participant C2 explains that strategies ‘can be set at a company level, or cost-linked
companies with political integration, where they can track carbon emissions more easily’ Also, they have ‘access
to sustainability personnel, they also run to lesser extent their own R&D facilities. It's easier to get capital because
of this size. They have more options [...] in terms of R&D.’ They also have better access to international networks
and can ‘keep track of what'’s happening in the US and Europe’
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Capital intensity

Increasing capital intensity (Cl) is the ratio of capital investment to wages. Cl has accompanied industry
concentration and vertical integration across the three main groups. All of the companies in the three groups
across raw material supplies, clinker and cement manufacturing and ready-mixed concrete manufacturing have
invested in more technologically advanced plant and equipment. Plants have also been closed. This restructuring
has supported considerable increases in labour productivity.

4.2.3 Concrete innovation

Innovation has been linked to reducing CO2 emissions along the supply chain, from raw material mining to completed
concrete structures, which is evident from the VDZ (2021) industry report. CO2 reduction ‘assumptions are provided
to demonstrate the important role the pathways can play across the Australian cement and concrete value chain’
for the period 2020-2050 (VDZ 2021:3). Eight pathways are nominated (VDZ 2021:8):

» zero emission electricity and transport (reduce by 14%)

» design and construction innovation (reduce by 21%)

e concrete innovation (reduce by 10%)

» increase use of supplementary cementitious materials (SCMs) in concrete (reduce by 3%)
« new CO,-efficient cements (reduce by 7%)

» alternative fuels and green hydrogen (reduce by 6%)

* measure concrete take-up of CO, (reduce by 6%)

+ capture remaining CO, (reduce by 33%).

Other initiatives indicate work on innovation, through academic research, professional association reports and
declarations, company reports and ventures focussing on practices, processes, techniques, products and services.

In Australia there is new investment in R&D through the CSIRO and universities, as well as through cooperative
research centres (CRCs), including:

» Heavy Industry Low-carbon Transition CRC
» Racefor2030 CRC

e Smart Crete CRC

- CO,CRC.

These CRCs are linked to similar extensive European and US initiatives. The VDZ report (2021: 33) identifies
10 areas for future R&D priorities and projects linked to current national and international R&D. Similarly, the
GCCA (2021:18) advocates in a global context for ‘R&D and innovation through public funding and risk sharing
investment mechanisms’.

The concrete industry also recognises that there is more to innovation than R&D (VDZ 2021). First, there is an
interest in industry policy support for decarbonising cement and concrete manufacturing and international
competitiveness. Carbon pricing policy is not referred to by VDZ (2021). In contrast, the GCCA (2021: 18) includes
carbon pricing in its policy framework by noting that ‘carbon pricing schemes exist in many regions of the world,
and several of these cover the cement industry’ and ‘supports the use of market-based carbon pricing to incentivise
decarbonisation at the lowest cost’.

Second, producing net zero CO, cement and concrete requires the cooperation of actors along the supply chain.

Similarly, the GCCA (2021: 18) recognises the importance of cooperation by proposing to establish ‘climate innovation
hubs which foster the participation of all relevant stakeholder groups..
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Establishing actor group agreement along the supply chain will require different drivers, as the interests and
capacities of the actor groups that constitute that supply chain differ. For example, clinker producers have the
potential to make savings by investing in technologically advanced plant and equipment, and they could make
savings by reducing emissions if carbon pricing applies. However other actor groups such as building contractors
and built-environment professionals, which are loosely coupled, have different access to resources and respond
to different incentives (Dorée and Holmen 2010; Dubois and Gadde 2002).

4.2.4 Concrete industry institutional challenges

It is clear from the wider information that the leadership of the cement and concrete industry recognises that
decarbonisation is required. Accordingly, there is broad agreement on the types of measures required to decarbonise
the manufacture of cement and concrete aggregates:

» more efficient use of cement and concrete

» decarbonise cement and concrete production

» reuse of waste and use of industrial wastes from other industries
» decarbonise production and transport energy use

» carbon capture and storage (CCS).
Six institutional challenges are identified and briefly discussed below.

Construction professionals

Increasing the demand for lower-carbon concrete in the construction industry depends on the professionals
involved in the design, specification and construction of buildings. They need to know how to design efficient
structures and specify lower-carbon aggregates. There is evidence that professionals act conservatively because
they have not been trained to design and specify low-carbon concretes (ICE 2022).

Similarly Lehne and Preston (2018: iv) and Giesekam, Barrett et al (2015) observe that architects, clients,
structural engineers and contractors are cautious about using novel building materials, which could suggest
that the workforce is not sufficiently prepared to shift practices. An insider observes that there is a similar
problem in the Australian industry:

[The industry] tends to import technical people to fill a gap rather than develop their own.
But there is certainly a need to attend to skill development because it's one of the planks
of a decarbonisation strategy. (Participant C2)

A strategy proposed by the International Energy Agency (IEA 2018: 52) in a response to the lack of knowledge and
expertise in the industry is to work with universities to ‘train engineers and contractors to use different types of
cement and to get a better understanding of sustainability issues related to building materials’.

Standards and regulations

In the cement and concrete industry, the primary standard is AS 3600:2018 Concrete Structures. It sets minimum
requirements for the design and construction of concrete building structures. Its provisions are supported by
references to another 46 standards.

Globally, there is considerable debate about future standards development. Key issues slowing progress in
development relate to the prescriptive nature of the standards, as they:

» require use of familiar and accepted high-carbon cement and concrete recipes for particular applications

» reduce producer product innovation and competition, and reduce price competition
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» require testing new recipes and applications using prescribed but inappropriate tests that take time

» require revision, but take a long time for the interests represented on the standards committees to research
issues, discuss and compromise (Favier, De Wolf et al. 2018; Habert, Miller et al. 2020; Lehne and Preston 2018).

In Australia, the way the standard governs industry behaviour is a problem:

We are sitting here with a national construction code and a derivative set of standards that do not
allow these [new cement and concrete] materials to be used. If you want to use these materials
that's all fine. But, sorry guys, you're carrying the risk ... Risk escalates cost in the construction
industry and precludes against using these materials. (Participant C2)

But change is on the horizon. Since 2018, the AS3600 standards committee has had a subcommittee working
on a technical specification for lower-carbon cement and concrete products and structures. However, when the
new specification does become a part of the standard it ‘won’t fully solve the risk issue, because there will be a
continuing perception of risk, but it will minimise it and perhaps will support greater use of these new materials’
(Participant C2).

Market for low-carbon concrete

A market for low-carbon concrete (LCC) has begun to develop. For example, Boral offers three low-carbon LCCs:
Envirocrete, Envirocrete Plus and ENVISIA. There is no publicly available data on the volume of LCCs in this small
but emerging market. The question then becomes: how can this market be encouraged to grow? Two institutional
features of the cement and concrete supply chain suggest there are two areas for action.

First, as already noted, the cement and concrete industry globally and in Australia is dominated by a small number
of large companies. One of these is an overseas global company. Globally, international companies account for
approximately a third of global cement production. This concentration of ownership in Australia and globally presents
an opportunity for driving a broader decarbonisation agenda. Lehne and Preston (2018: 40) argue that ‘the concentration
of the global cement market means that a handful of major producers have particular agenda-setting power’.

Evidence of this power was apparent when business leaders of 10 global cement companies signed off on the first
agenda for action in 2003 and formed the CSIl which later became the GCCA (WBCSD 2003; GCCA 2021). Beyond
agenda-setting, ‘these firms have the resources to interact with standards committees and other institutions that
set guidelines; they are therefore in a good position to help create and maintain norms and regulations’ (Lehne
and Preston 2018: 40). Of course, if these companies are to lead, there must also be institutional arrangements
supporting their engagement with other actors in the supply chain, government agencies, standard-setting
organisations and civil society organisations.

Second, public procurement can provide extensive support for the manufacture and use of LCCs. All governments
in developed countries have large procurement programs. These include large construction programs that provide
both economic and social infrastructure, which provides opportunities to support low-carbon innovation—including
the use of LCCs (Baron 2016). In Europe, the role of procurement in supporting a broad sustainability agenda has
been formalised through the adoption of a Green Public Procurement policy (European Commission 2016).

In Australia, using procurement to reduce embodied carbon in building materials—including cement and concrete—
is only beginning to be considered as part of recent sustainability commitments. However, there are some within
the industry that are making the case for using procurement to assist the cement and concrete industry develop
its capacity to deliver LCCs.
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Transparency and product disclosure

Environmental product declarations (EPDs) developed in the late 1990s. They have become the standardised

way to present information on the environmental performance of construction products and services. An EPD is
effectively a product certification system. Performance is assessed by using LCA, which requires that ‘all the main
inputs to the processes that provide the service are taken into account, as well as the processes and materials
that feed into those processes, and so on back “up” the supply chains of the various materials in the product to
the raw resource inputs’ (Horne 2009).

The EPDs are based on the international standard ISO14025. In the case of building and construction products
they also align with the European standard EN15804 (Passer, Lasvaux et al. 2015). EPDs potentially aid generating
data that supports building-level assessments. However, further development of reporting requirements and
improved data consistency is required for whole-life carbon footprint assessments and the setting of thresholds
and targets (BPIE 2021). The use of EPDs in the Australian building and construction industry is voluntary.

The first concrete EPD was registered in 2014 by a New Zealand company: Allied Concrete. The next step was the
2017 publication of data that could be used in LCA calculations for Australian concretes. This was the product of

a collaborative process, where the main industry players pooled data while maintaining commercial in-confidence
concrete recipes. Then in 2019 Holcim began publishing EPDs. The reason they did it was because their ‘international
parent decreed that everywhere in the world Holcim was going to have EPDs ... Zurich told them that they had

to do it’ (Participant C2). After this, the other major companies produced EPDs, and more recently some smaller
companies have followed. ‘It is like a game of dominos.’ Also, for major projects, having an EPD ‘is now a requirement
of supply’ (Participant C2).

The steps beyond the production of EPDs in Australia are uncertain, as there are no moves to include embodied
carbon provisions in NCC revisions. However, the NSW Building Commissioner is signalling interest in whole-life
carbon footprint assessments: ‘I believe we are looking at the opportunity of, within a year, having the technology
to accept, for every single building, an actual carbon certificate for every piece [of material] that goes towards a
building’ (Frew 2021). The technology referred to is the development of an industry capacity to establish a system
that holds a digital as-built record of buildings where embodied carbon could be included (Perera, Jin et al. 2021)

Carbon capture and storage

Globally and in Australia, the cement and concrete industry are relying on carbon capture and storage (CCS) in
their commitments to decarbonise. As a process, CCS captures the CO, gas, then compresses and transports it
to a site where it can be pumped and stored underground for geological time periods. The CCAA (2021: 10) states
that efficiency measures will not ‘reduce CO, emissions from the calcination of the limestone. Breakthrough
technologies must therefore be implemented in which carbon capture will play an important role!

This has led to CCS pilot projects being established and goals being set. The CCAA (2021) foreshadows pilot projects,
but to date no CCS pilot projects have been established in Australia by the cement industry. Although the industry
continues to advocate for CCS and commits to confirming the use of CCS in their roadmaps, both the technologies
(Voldsund, Gardarsdottir et al. 2019) and costs (Gardarsdottir, De Lena et al. 2019) continue to be assessed.

Uncertainties have led some people to propose radically changing the accepted concrete chemistry model as

a way of reducing CO, emissions. One method is to significantly reduce the proportion of manufactured clinker
cement and replace 50 per cent of it with calcined clay—which is clay that has been heated to a high temperature
—and ground limestone to make limestone calcined clay cement or ‘LC3’ (Habert, Miller et al. 2020). Another method
is to cease using cement made from manufactured clinker altogether. Instead, the concrete aggregate is made
from sand, gravel, clay, silts and organic plasticisers (Ouellet-Plamondon and Habert 2016).
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Costs of abatement

Decarbonising the cement and concrete industry will require new investment in plant and equipment, and will
increase recurrent costs. Three main measures have been identified by the industry (CCAA 2021: 31). They are:

« further substitution of clinker in cement by supplementary cementitious materials (SCMs) through increased
use of fly ash, ground granulated blast-furnace slag and clays

» replacing the use of coal and gas fuels with biomass fuels and green hydrogen

« using CCS.

The pathway for the first main measure (substituting clinker) is clearer than the second or third measures. Estimates
of investment and operational costs depend very much on plant-specific analyses, which have not been done in
Australia. The only estimates available are indicative figures developed in Europe (ECRA and CSI 2017).

How these increased costs will be met is yet to be determined, but it is likely to be through a combination of
industry and government investment. Investment by the federal government was first signalled by DISER (2020),
which recognised cement as a carbon-intensive product. Following the 2022 change of government, all that is
available at the time of writing is the ALP policy platform, which committed to a National Reconstruction Fund that
would assist with the decarbonisation of existing industries (Australian Labor Party 2021).

A cost that the industry may well have to bear is meeting a price on carbon triggered by the ‘revised baselines’
(Australian Labor Party 2021) referred to in subsection 4.2.1. A price should encourage the industry to continue
reducing carbon emissions. Participant C2 sums up the effect: ‘a carbon price will generate a revenue stream that
can be invested in measures that reduce emissions and the price’

An important factor in calculating and pricing carbon emissions will be how to recognise the emissions associated
with imported clinker. If decarbonisation measures required in Australia do not apply in the countries that are exporting
clinker, then there will be a case for border-adjustment measures—similar to those being developed by the EU and
other countries that are ramping up their climate mitigation commitments (Muller, Saddler et al. 2021). It is likely
that clinker manufactured in Australia and attracting a charge for emissions will be more expensive than clinker
imported from countries that do not put a price on CO, emissions. The CCAA (2021: 45) warns that ‘federal and
state government policies and programs will be required in order to maintain the international competitiveness

of the industry’. Maybe border-adjustment measures for clinker imported into Australia is such a policy.
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Figure 14: Concrete industry supply chain
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4.3 Steel

Steel is used in both the HCIl and MUATCI residential housing sectors. The manufacture of this steel starts with
companies in the Iron Smelting and Steel Manufacturing Industry (ISSTM), as shown in Tier 3 of Figure 15. Four
downstream industries manufacture products, which then make their way into residential housing construction
through industries providing onsite supply and construct services. Large amounts of embodied carbon in steel
stocks are already in the housing system, and additions are important for decarbonisation and the development
of a CE. The carbon intensity of steel is now well recognised by the steel industry in Australia and globally.

In the HCI market, there are two main types of construction, and both use steel:

» The first and most dominant type is timber-framed housing, where the stud wall frame and roof trusses are
timber. Steel is used in the reinforced concrete waffle slab cast on the ground, in some structural beams and
posts, and in products such as sheet-metal flashings, garage doors, gratings, balustrades, railings and roofing.

* The second type is steel-framed houses, where cold-formed steel replaces timber wall frames and roof
trusses. All other uses of steel are the same as in timber-framed houses.

Growth in steel-framed house construction began following the formation of the National Association of Steel-
framed Housing (NASH) in 1982, and incorporation of steel framing provisions in the NCC (Paton-Cole and Gad
2017). The share of houses built with cold-formed steel in 2017/18 was 14 per cent (ACI 2018: 9). However, much
of the growth tends to be in northern Australia because steel framing is termite proof (Participant S3). There are
recent indications of growth in the use of steel framing because of timber shortages.

The MUATCI dwellings are the greatest user of steel, as apartment buildings are usually constructed using
reinforced concrete. Together the EE from steel and concrete result in buildings with a high EE coefficient (Li,
Foliente et al. 2021 ), which increases the carbon intensity of Australian housing. Further, the uptake of two other
less carbon-intensive construction types is languishing:

* Lower-carbon mid-rise could be built using cold-formed steel to construct lightweight apartment buildings.
However, there has been no uptake of this system in Australia—in contrast with the UK, the US and Canada
(Franklin 2019).

e Structural timber can be used to construct low-carbon mid-rise apartment buildings (Jayalath, Navaratnam
et al. 2020). Yet uptake of structural timber for mid-rise apartment buildings in Australia has been minimal.

Australian participation in the carbon-intensive steel industry is considerable. Australia is the world’s largest
producer of iron ore, representing 39 per cent of global production—of which 95 per cent was exported. In 2021,
Australia ranked 29th out of 50 steel-producing countries, with 5.8 million tonnes of crude steel production and
0.3 per cent of world steel production (WSA 2022). Australia is therefore a major player in the global steel industry,
and is in a unique position to contribute strongly to an emerging global green steel industry (Venkataraman,
Csereklyei et al. 2022). The contemporary challenge is how to transition from a fossil-fuel-based blast-furnace
technology to ‘green steel’ technology.

4.3.1 Carbon in steel

Steel production produces between 7 per cent and 9 per cent of GHG emissions (WSA 2021). Tier 5 iron-ore mining
and coalmining businesses (see Figure 15) contribute a large share of Australian steel industry CO,emissions. Steel
is produced by reducing iron ore to iron (‘ironmaking’), removing carbon, secondary refining and alloying (‘steelmaking’)
and continuous casting. Three fossil-fuel-based production processes are available to the steel industry: blast
furnace, direct-reduced iron, and smelting reduction (Venkataraman, Csereklyei et al. 2022). These arrangements
are no longer sustainable. Meanwhile, global demand for steel continues to increase.

AHURI Final Report No. 402 Building materials in a circular economy 53



4. Material supply chains
and actors

Companies using fossil-fuel-based production processes have lowered their emissions through technological
improvement, particularly the smelting reduction technique. There has also been less reliance on emissions-
intensive primary iron-ore production, with a move towards cleaner secondary production using scrap steel
(Winning, Calzadilla et al. 2017). However, further substantial emission reduction is required. The IEA (2020: 53)
states that the industry, if it is to be ‘compatible with the goals of the Paris Agreement, its direct CO, emissions
must fall by more than 50 per cent by 2050 relative to today’. The steel industry’s response has been two-fold.

First, the global industry association, the World Steel Association (WSA 2021), has committed the industry to
reducing CO, emissions by ‘transforming steel production’. Signalled headline measures are:

» efficiencies in production

* maximising the use of scrap metal

» developing and deploying breakthrough low-carbon technologies
» material efficiency in the use of steel

» advanced steel products.

Second, reducing emissions requires a governance framework for measuring and assessing decarbonisation.
Two initiatives have contributed to the framework:

» The Responsible Steel (2021b: 65) standard sets up requirements for GHG measuring, reporting and target
setting at the site level.

e The Net-Zero Steel Pathway Methodology Project (TWG 2021) is a broader framework that extends to supply-
chain arrangements based on LCA and includes setting system boundaries and apportioning emissions from
co-produced products.

The two major Australian steel manufacturers, BlueScope and InfraBuild, have made commitments to reduce
their GHG emissions. Between 2005 and 2021, BlueScope Steel reduced their GHG-steelmaking emissions by
40 per cent. Further, BlueScope has committed to another 12 per cent reduction by 2030 and net zero by 2050
for its flat steel production (BlueScope 2021a). InfraBuild has committed to a new range of more materially
efficient high-strength reinforcing steels, resulting in a 33 per cent reduction in mass compared with standard
fitments (InfraBuild 2020).

Use of scrap steel in new steel production reduces emissions, and all steel production uses scrap. While some
projections anticipate that recycled steel could fulfil future demand in steel there are two issues.

First, the availability of scrap steel is a constraint (WSA 2021).

Second, contaminants limit the use of recycled steel for certain products, such as reinforcing bars in the construction
industry (Daehn, Cabrera Serrenho et al. 2017; Venkataraman, Csereklyei et al. 2022). Despite these limitations,
scrap recycling will be critical for carbon reduction in the future. Winning, Calzadilla et al. (2017: 405) argue that
steel has CE potential because of its ‘potential double environmental benefits of increased secondary steel
production which also uses low-carbon electricity as a significant input’. Participant S3 confirms the importance
of scrap for reaching the BlueScope target: ‘how are we going to hit that 12 per cent? It's increased renewables
[renewable energy] and scrap has a big impact.

While progress is being made, the full scope of measures needed for decarbonisation requires change in the
way that companies produce steel, along with broader system, industry and societal change. A review of the
BlueScope (2021b) strategy suggests a series of measures for change (see Table 11). However, it is important
to note that BlueScope is silent on the possibilities of a price on carbon or regulation.
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Table 11: Steel decarbonisation: BlueScope view of societal and company change

Buildings, industry, societal change Company change
< Buildings: modular design, heritage structure reuse, ¢ Transparency through EPDs
efficient material and design « Organisation development: climate groups

+ Extend building lifetimes « Collaboration: civil society collaboration

* Recycling market for scrap » Product development: lightweight long-life broad use
« Non-steel outputs as co-products: fly ash, slag, chemicals,

« Further energy and process efficiencies
dust and sludge, emulsions

« Low-carbon energy use increase
* Renewable energy growth )
e Scrap use increase
« Current operating asset optimisation
« Decarbonisation capital raising and allocation

« Breakthrough technologies: hydrogen from renewables
and electrolytic reduction

Source: BlueScope (2021a; 2021b)

4.3.2 Steel industry structure

Two companies, BlueScope Steel and Liberty InfraBuild, dominate the ISSTM industry (Baikie 2021b). BlueScope
Steel has a 41.1 per cent market share. It manufactures 3 million tonnes of flat steel per year into products such
as Colorbond and Zincalume for cladding and Truecore for steel framing in integrated steel plant in Port Kembla,
NSW, using blast-furnace technology (BlueScope Steel Limited 2021). Liberty InfraBuild has a 6 per cent share of
the market, and manufactures steel long products, including reinforcing bar, reinforcing mesh, tubular and hollow
sections, merchant bar and wire. Liberty operates an integrated steel plant in Whyalla, SA. It also recycles scrap
steel at two sites in Australia. The scrap-steel operation feeds 1.4 million tonnes of steel per year into InfraBuild
steelmaking (InfraBuild 2021). The rest of the ISSTM industry is comprised of many small to medium enterprises
(Baikie 2021b).

The structure of the ISSTM (Figure 15) can be understood by focussing on three dimensions: concentration,
vertical integration and capital intensity.

Concentration

Industry concentration in the ISSTM industry is moderate, based on the 47.1 per cent market share of industry
revenue flowing to the two main manufacturers. The industry is also highly globalised. InfraBuild was taken over
by the British GFG Alliance in 2017. BlueScope, an Australian-owned company, distributes products into North
America, ASEAN countries, New Zealand, the Pacific Islands, China and India. Baikie (2021b: 39) notes that ‘over
80 per cent of the industry’s enterprises employ fewer than 20 people and only 20.0 per cent of businesses
generate over $2.0 million in revenue, annually’.

Vertical integration

Industry concentration is associated with a degree of vertical integration. InfraBuild achieves this through its upstream
iron-ore mining operations and downstream steel-tube manufacturing capacity. The BlueScope strategy has been
to develop strong brand identities for its products. Additionally, BlueScope has internationalised the market for
these products to the countries noted above, and developed strong downstream market relationships. In the US,
this has occurred through the development of strategic alliances with related sector enterprises (Fairgray, Tamasy
et al. 2012). In Australia, the market relationships are with manufacturers in the Tier 2 and Tier 1 manufacturing
industries. BlueScope has a strong presence in one of these industries: the manufacturing of metal roof and
guttering (Martin 2022). This is the context for the Australian Competition and Consumer Commission (ACCC
2019) successfully taking action against BlueScope for alleged cartel behaviour, on the grounds that BlueScope
sought to induce Australian steel distributors and overseas manufacturers to enter agreements containing a
price-fixing provision.
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Vertical integration is being extended with growth in steel-framed houses produced by manufacturers with roll-
forming machines and erected by frame installers. This has led to a small well-established industry. However as
the industry association NASH states, ‘steel framing is not an easy industry in which to flourish ... Steel framing
looks easy, but it is a major mistake to underestimate the difficulties inherent in the industry’ (Watson 2005). One
issue is undercapitalisation, where steel availability often becomes an issue, as indicated by this stakeholder:

There are similar builders who have bought roll formers before allocation, but only just getting their
foot in the door and starting to do some of the light-gauge steel, who are on allocation and only get
one or two tonnes a month and could use 20 or 30 [tonnes]. (Participant S4)

Capital intensity

Capital intensity (Cl) varies considerably across the supply chain industry (see Figure 15). The ISSTM industry

has medium-level Cl. However, the level has been increasing and continues as the industry has restructured

and reinvested in furnaces and casting equipment. Recently, BlueScope stated that it is likely to invest a billion
dollars relining a mothballed blast furnace, which will contribute to further decarbonisation of its steelmaking
(Roberts 2022). One downstream industry, metal roof and guttering manufacturing, also has a medium Cl and has
been increasing as companies have continued to automate their production by increasing their capital intensity.
BlueScope is the company in this industry with the largest market share, at 37.6 per cent. One other downstream
industry in Tier 1, ‘Structural steel fabrication’ has a medium CI. BlueScope and Liberty have a combined 43.2 per
cent market share in this industry, where they focus on higher-volume simple products suitable for automated
production and fewer labour inputs (Kelly 2022d: 34).

4.3.3 Steel industry innovation

Globally, the steel industry recognises that innovation is central for the decarbonisation of steel production
(Responsible Steel 2021a; WSA 2021). In Australia, the two largest steel industry companies reflect the global
industry analysis and commitments by making significant civil society contributions. Four main directions for
innovation come through from the global and Australian contributions to the debate on how best to decarbonise
the steel industry. They are discussed in the following paragraphs.

Recycling and reuse

Steel manufacturing is environmentally intensive, yet it also allows for almost infinite recycling—and thus offers

a perspective to innovate (Winning, Calzadilla et al. 2017). ‘Every tonne of scrap used for steel production avoids
the emission of 1.5 tonnes of carbon dioxide, and the consumption of 1.4 tonnes of iron ore’ (WSA 2021: 4). If scrap
recycling is carried out in an electric furnace, then the energy intensity of production is 12.5 per cent (an eighth) of
what it would be from iron-ore smelting (IEA 2020: 16).

However, there are limitations to increasing the use of scrap steel. First, the availability of scrap steel is limited
by the end-of-life rate of steel products. Globally, this rate correlates with the age of the steel structures and
products in the capital stock of countries, which varies considerably. It is also shaped by other factors, in
particular the willingness of owners to avoid recycling of existing steel structures and products by smelting
and instead renew products and retrofit buildings.

Second, the effectiveness of the collection and sorting of steel for scrap is an issue. This is partly a price issue.
As the IEA (2020: 30) notes, the availability of scrap increases along with price, but also depends on the cost of
sorting scrap. Although there is the possibility of infinite recycling, there is also an issue about contaminants in
scrap steel—especially copper (Daehn, Cabrera Serrenho et al. 2017).

The issue of recycling and reuse in the housing sector is connected to the broader issue of CDW. In this context, steel
is just one material among many that are transported from a building or demolition site. Much of this transportation
will be done using skips, where sorting is not required. The contents of these skips will likely end up in landfill unless
the landfill charge or the price for recycled materials is high enough to create a market for separated materials and
their recycling or reuse (Shooshtarian, Magsood et al. 2020).
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Recycling of scrap metal has only recently been receiving policy attention. Further, the policy attention and system
development varies considerably across Australian state and territory jurisdictions, resulting in a complex field. A
recent review reveals that there are at least eight areas of strategy development in scrap metal reuse:

« waste recycling

» illegal dumping and stockpiling

» extended producer responsibility

« definition of waste versus resource

» use of construction and demolition recycled waste

» energy from waste extraction

» education and engagement

* market development (Shoostarian, Magsood et al. 2020).

Onsite, it is up to the builders to decide how they deal with their waste. One manufacturer supplying light metal
frames for houses described his approach: ‘Most of our waste, we use it as packing to go to site, so we don'’t have

a lot of waste. We probably get rid of two or three tonnes a month’ (Participant S4). The broader arrangement for
‘getting rid’ of small offcuts was described:

Over the next five to 10 years, it will probably get better, and it needs to. From our perspective,
all our stuff goes into a couple of bins from our punchings and small offcuts, it all goes back to
recycling to the factory and [will] come back to us at some point. (Participant S4)

There is also the prospect of using ‘evolving technology’, which will further reduce waste by printing ‘the top plates
for location of trusses with truss numbers and everything on it, so that’s pre-done, pre-controlled’ (Participant S4).

Green steel technologies

There is broad agreement that current blast-furnace technology innovation has reached its limit, and that
full decarbonisation of steel only be accomplished by using what the World Steel Association (WSA 2021)
calls ‘breakthrough technologies’. The main elements being considered to contribute to early and later stage
decarbonisation are:

« green hydrogen replacing coke as a reductant, generating H,0 instead of CO,
e bio-resources to provide carbon to replace coke
« CCS with utilisation of the CO,

» electrolysis using renewable electrical energy.

Similar to changes in concrete manufacturing, breakthrough technologies in steel manufacture ‘will require major
changes in manufacturing processes, use of alternative materials that do not emit CO, during manufacture, or
CCS technologies to minimise the release of process-related CO, to the atmosphere’ (Davis, Lewis et al. 2018: 4).

Although there is broad agreement about the elements required, debate continues about the change process and
its timing. This is partly because the geography of existing steelmaking is linked to supply-chain arrangements and
access to resources. According to Venkataraman, Csereklyei at al. (2022: 7), the two most prospective zero-carbon
steelmaking technologies are hydrogen-based direct-reduced iron (DRI)—otherwise known as hydrogen-based
steelmaking—and electrowinning, which involves extracting metals electrolytically from ore, ‘both of which would
ultimately require massive electricity infrastructure to supply the required primary energy input.
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For this reason, Australia has a competitive advantage, as the cost of energy will be ‘critical to the competitiveness
of green steel production’ (Venkataraman, Csereklyei et al. 2022: 7) and the Pilbara region where most Australian
iron-ore mining is concentrated benefits from extremely favourable solar irradiation. This, added to onshore wind
resources, creates ideal conditions for reliable large-scale electrification—while at the same time lowering the costs
of green steel production. However, scientists note that while most of ‘these processes offer lower-carbon pathways
for steelmaking’, they ‘cannot completely eliminate the associated emissions’ (Venkataraman, Csereklyei et al. 2021: 3).

The challenge accompanying this program is the scale of investment required for the transformation.

First, there is the investment in the steel sector. One projection is that an investment of $30 billion per year is
required for the next 30 years, just to meet growing steel demand and maintain existing sites. Further investment
of $6 billion per year is then required to transition the steel asset base to net zero. Calculated in terms of avoided
emissions, this is a cost of $6 per tonne of CO, avoided.

Second, steel plants will require electricity to generate green hydrogen and electricity for their electrified assets.
This will require an 11-13 times increase of current electricity use (Net-Zero Steel Initiative 2021: 8).

Industry collaboration

A transition to low-carbon steel production requires an industry transition involving levels of collaboration between
firms and with governments, research institutions, industry associations and unions. Examples of current collaborations
in the steel industry aimed at lower-carbon emissions are the:

» Australian Industry Energy Transitions Initiative (Climate Works Australia 2020)

» Global CO, Breakthrough Program.

Such initiatives run alongside continuing competition between firms producing similar products and seeking to
maintain or increase their market advantage. In this context, the Australian Competition and Consumer Commission
(ACCC) is keen to ensure that collaboration does not undermine competition.

Collaboration can also be global. An example is the work of Responsible Steel (2021b), a global multi-stakeholder
standard and certification organisation, that defines agendas and procedures for projects such as the Responsible
Steel Standard. Structured around 12 principles, it sets out requirements and criteria that are auditable at the
company and site level. At the local level, these processes are regularly organised by industry associations. In

the case of Australian Steel Institute, there is continuing work on an industry approach to decarbonisation. The
basis of collaboration in the industry aimed at defining and setting common parameters for decarbonisation was
outlined by Participant S3:

There is a lot more collaborating on [the question]: ‘What does good look like for the steel industry
rather than decarbonisation specifically [for one company]?’ ... At the moment, we are trying to
set what the thresholds look like for a piece of steel to be called responsible. How many tonnes of
CO, per tonne of steel is good? ... Our focus is more on value, trade value-chain collaboration than
competitor collaboration. (Participant S3)

Skills and practices: growth in light-gauge steel prefabrication

Entry into light-gauge steel house construction has few barriers to entry and tends to attract people with some
building experience who are seeking to be self-employed small business owners. Initially, it involves procuring

a roll former, a licence to use software programs to design and manufacture steel trusses and frames, and some
experience as a builder. Computer-aided design (CAD), which was described by Participant S4 as a ‘video game
for chippies onsite’, requires varying levels of knowledge and expertise, and requires the assistance of an engineer
for the design of wall frames. One limitation slowing the use of steel prefabrication is regulation, with participants
identifying more regulations around wall frames than trusses:
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The trusses are self-certifying, so you can put a truss there and it'll draw it in long as you've got a
couple of loadbearing points, it'll tell you whether it will work or not. You can change it, manipulate

it as you see fit to try and get it to pass with the loads, and so on. Wall frames are a little bit different.
We've got a design manual to work to. You need to sign off on it. The companies that buy those can
send it off to get checked and certified and then come back, or they can employ an engineer to
understand and do it. (Participant S4)

There are also opportunities for prefabrication and efficiency gains through transport and weight reduction. In this
pathway, steel presents a competitive advantage in terms of weight compared to timber:

Ninety-nine per cent of the stuff that we do is prefabricated. And that's where the steel frames
are probably better at. For the houses that we build for our two main builders, that are probably
between 300- and 400-square-metre homes, we fill two semis with frames and trusses. Most
timber-frame builders do probably 50-50 with their builds; their trusses are a little bit thinner than
ours because we do back-to-back so we are twice as thick with the truss profile. So rather than
being 35 mm, 45 mm, we are 80 mm. Their frames are similar, but our frames are probably about
half the weight of timber ones. (Participant S4)

Beyond such accounts, there remains insufficient capabilities, training or experience in the assembly and manipulation
of light steel on construction sites, where carpenters tend to rely on the extended experience with timber installation
gained during their apprenticeship. The lack of training—and therefore ability to understand plans and instructions
—becomes an issue when carpenters shift to light steel. Also, design and assembly differs between light-gauge
steel and timber regarding the average level of qualification required.

4.3.4 Steel industry institutional challenges
The Technical Working Group (TWG 2021) describes the steel sector as ‘hard to abate’ for several reasons:

» Steel production relies on fossil fuels, long-life capital-intensive assets and a long investment cycle—between
25 and 40 years.

» Steelis a global commodity with high competition, low selling prices and low profitability—which reduces
investment potential (TWG 2021).

» Despite technological innovation and new investment, continuing high rates of urbanisation mean there
will be continued demand for virgin steel.

» Less carbon-intensive technologies are not yet developed sufficiently for large-scale asset renewal
(Venkataraman, Csereklyei et al. 2022).

The steel industry is a carbon-intensive industry, so the extent and nature of the discussion with the finance

and insurance sector also matters in terms of how it plans to:

« mitigate climate change risks

» finance the reconfiguration of steel production.

The industry modes of production also present some challenges in understanding the material flows that go into

steel production. There are some issues from a data perspective (see Section 2), which mean it is more difficult to
design for deconstruction:

At the producer level, there is the ability to see aggregate production, but then quickly there are

channels where other players get involved in transforming it, and then distributing or installing it.
If the producers don't need to know the distinction, they have not invested time to interrogate it.
(Participant S2)
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Finally, the Australian steel industry is acutely aware of the competition from alternative materials and substitutes
and their related industries for a transition to low-carbon housing in Australia. In particular, residential steel products
are competitively positioned against sawn timber and engineered wood products (EWPs) and timber framing in
the residential sector.

While there is growth in the volume of steel products, it is difficult to estimate the supply of steel products for residential
construction. Participant S3 estimates that in 2018-2019, about 12-13 per cent of steel production was going into
the residential housing industry, and there was an increase of about 2 or 3 per cent in the five years prior to that.
Thus the steel industry is slowly positioning itself to venture into the mid-rise residential space, a sector that
continues to increase in Australian residential housing construction despite the competition from concrete

and the need for additional training or adaptation of steel-installation techniques:

[A steel roofing product] is probably not something that we would probably work towards for mid-rise,
typically because it's generally concrete anyway, and probably not fit for purpose in that space. So
it's not something that we have entertained too much. There are aspects of cladding for mid-rise in
[name of product] that we are looking into, a lot of our channel members being installers. They do
have a bit of that coming through. (Participant S3)
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Figure 15: Steel industry supply chain
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4.4 Timber

Timber is a low-emission biomaterial that is used in both HCI and MUATCI residential housing. Timber
manufacturing starts with forestry primary production in Tier 4 businesses (see Figure 16). The product then
goes downstream to Tier 3 manufacturing industries, including log sawmilling and timber wholesaling. In Tier

2 businesses, the timber resawing and dressing industry are engaged in importing timber, which represents
approximately 20 per cent of annual timber supply (Woods and Houghton 2022). Businesses in Tier 1industries
manufacture a wide range of products and provide services to the housing industry.

The wood product industry supplying the housing industry is structured around two supply chains:

» Lightweight timber sawn from lumber—‘a lightweight chain that is very commodity-driven’ (Participant T9).
Lightweight timber is used for residential ‘stick building’, which uses small-dimension timber for trusses, wall
frames and floors. The more air there is in the structure, the cheaper and less solid it is.

« Engineered wood products (EWP)—including ‘mass timber’ in forms such as cross-laminated timber (CLT),
glue-laminated timber (Glulam) and laminated veneer lumber (LVL). EWPs are manufactured, and are more
expensive than lightweight timber and ‘a totally bespoke value chain’ (Participant T9). These products are made
from the same hardwoods and softwoods as sawn timber, but mixed with adhesives that bind the strands,
particles, fibres, veneers or boards. This product often incorporates treated sawmill waste to produce wood
that meets precise size requirements.

Starting with the low-emission biomaterial property of timber, some groups in the timber and housing industry
argue that timber used in residential housing construction can make a significant contribution to decarbonising
the housing industry. This argument underpins a long-running project advocating for greater use of timber. The
first step was to successfully advocate for reform of the NCC to support the inclusion of deemed-to-satisfy
provisions for building timber structures up to 25 metres in height, or eight to nine storeys. A second step was
establishing the Wood Solutions Mid-rise Advisory Program, which supported design professionals and the
housing industry to expand timber use in residential housing construction (Lavisci 2020; Wood Solutions 2023).
Perinotto (2022) suggests that ‘there’s an information war going on between advocates for timber, concrete and
steel, and everyone is claiming their material is the best from an environmental perspective’,

4.4.1 Carbon in timber

The focus on embodied carbon in buildings has led to research advocating for greater use of timber rather than
concrete or steel (see Campbell 2019; Carvalho, Jorge et al. 2020; Churkina, Organschi et al. 2020; Gu, Liang et
al. 2020; Hafner and Schafer 2017; Jayalath, Navaratnam et al. 2020; Lu, Hanandehet al. 2017; Perry, Pechey et
al. 2021; Robati and Oldfield 2022; Thomas and Ding 2018).

For example, Robati and Oldfield (2022) compare timber and concrete buildings and find that mass timber buildings
generally have lower-embodied carbon than concrete buildings. Similarly, Jayalath, Navaratnam et al. (2020: 1)
state that the ‘use of 17 per cent of timber in construction as an alternative to brick, aluminium, steel and concrete,
an reduce GHG emissions by about 20 per cent.

Some actor groups are using this research to argue for timber being used more often as a structural material and,
at least in part, replacing concrete and steel. They argue that by growing trees, which sequester atmospheric CO,,
using structural timber in building construction can act as carbon sinks (Churkina, Organschi et al. 2020). One of
the benefits of trees and timber harvesting, just like other biomaterials, is their capacity to ‘use photosynthesis to
convert atmospheric CO, into oxygen and sugars, the latter of which is stored as carbon in the material biomass’
(Robati and Oldfield 2022: 2). Robati and Oldfield (2022: 2) argue that timber housing strategy in Australia could
‘reduce built environment life cycle GHG emissions by 94 per cent at a national scale, compared to business as usual.
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Despite this emerging research, there is as yet no developed and agreed strategy endorsed by timber industry actors
in the extended supply change. Participant T9 suggests that the timber industry is ‘highly conflicted’. For example:

When it comes to a carbon tax, if you're a large processor, you have electricity bills. You only see
a carbon tax as a cost. Rather than seeing it inflicting costs on your competitors, they only see it
through the lens of adding costs to their business. (Participant T9)

There is also no agreement about the accounting system used to measure and record carbon in timber in any
carbon accounting system. That lack of agreement is evident in the divide between the primary and secondary
producers in the supply chain:

The plantations get a credit, but the builder gets nothing. The government looks at this at a national
level and ... from an accounting point of view divides the economy into eight to 10 sectors [as] ...
they don’t have the policy rules that are cross-sectoral. And they can’t do that through carbon price.
(Participant T9)

At present the system is limited because ‘you can only achieve net zero through forestry, not by using wood
products’ It only supports ‘planting more trees or avoiding emissions from other materials’ (Participant T9).
Similarly, if imported timber is used, the only benefit is in those avoided emissions from the other materials.
There is no equivalent protocol for system-wide carbon accounting in the timber industry as in the steel industry
(Responsible Steel 2021b).

The response proposed by Robati and Olfield (2022: 14) is to ‘stop framing embodied carbon as a static upfront
carbon impact’ Instead, embodied carbon should be understood as ‘dynamic and temporal’, which requires
accounting across the building life cycle, including end-of-life.

4.4.2 Timber industry structure

Industries in the timber supply chain, with two exceptions, are characterised by low-level industry concentration.
The exceptions are two Tier T manufacturing industries—Fabricated wood and Prefabricated building—and

Tier 3 and Timber wholesaling with medium concentration. The most significant is Fabricated wood, where the
three largest companies have 60 per cent of the market share (Kelly 2022a). Similarly, capital intensity through
the supply chain is generally low. Only Forestry and logging, Timber wholesaling and Prefabricated building have
medium capital intensity.

In other words, there are no large dominant players as there are in the steel and concrete industries. It is a less
capital-intense industry dominated by SMEs. Participant T9 summed up the implications of this structure for the
timber industry in relation to R&D and innovation:

No one has R&D capacity, unlike the property-sector firms like Stockland, Mirvac and Lendlease.
They are not developers—they are machines. And because you're a machine, you have to constantly
be ahead of the game. [...] The big boys have a very different operating model than the small guys.
(Participant T9)

This fragmented low and medium industry concentration is also reflected in the number and diversity of industry
and professional associations.

Industry and professional associations

The timber industry has many industry associations formed by companies making particular wood products, such as
the Australian Glass and Windows Association, Frame and Truss Manufacturers Association, Engineered Wood
Products Association of Australasia, Kitchen Cabinet Manufacturers Association, Australasian Timber Flooring
Association, and Australian Timber Importers Federation. In Tier 4, the Forestry and logging industry, the associations
are geographically aligned, such as the Victorian Forest Products Association and Timber Queensland. This pattern
relates to the history of forestry, where access to hardwood forest timber was governed by state government
statutory authorities:
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Each state was run like an old feudal system where the department provided licences and they
used to have a statutory role for someone to represent the licensees in their negotiations on the
price of logs to the sawmills. (Participant T1)

What is missing from the timber industry, compared to industry associations in the steel and concrete industries,
is a large pan-industry association able to establish a shared industry identity and resource the development of
industry strategy from the forest through to manufacturing. Further, the current configuration of associations
does not support international linkages. Rather, broader industry leadership is provided by two organisations:

» Australian Forest Products Association (AFPA) is the national industry body representing the resources,
processing, and pulp, paper and bioproduct industries covering the forest-products value chain. It starts with
the forestry end of the supply chain and focuses on the bulk commodity products. It does not extend to the
Tier T manufacturing industries.

» Forest and Wood Products Australia (FWPA) is not an industry association, but is one of 15 rural research
and development corporations (RDCs) supported by the Australian Government and by levies paid by wood
processors, forest growers, and forest-products importers. FWPA research expenditure receives matching
government funds.

The outcome is summed up by one participant, who argued that the problem is that strategic thinking is ‘threadbare’
(Participant T1). The relatively small industry associations focus on servicing their members and do not have the
resources to develop broader industry strategy: ‘In the old days, they might have been strategic in a parochial
sense, but these days there’s no strategic thinking’ (Participant T1).

Wood supply and plantations

Australia has few comparative advantages for forestry and plantations because it has relatively poor soils and a
history of policy failures governing the use of hardwood forests and the development of plantations. Instead, there
is a need for a strategic, long-term roadmap that increases tree-growing to compete with countries equipped

with better soils, more rainfall and climates that produce ‘those nice straight fur type trees, like spruce and Baltic
trees, that get used a lot in construction’ (Participant T1). At present, Australian tree production is more expensive,
as Participant T1 explained:

At the very economic base of the Australian timber industry, there is the stumpage cost. The cost
of the Australian log at the tree stump is higher. It's great to have significant plantations, butin a
pure global perspective, if our economy is up, and their economy is really going, we're building a
lot. If other economies are down, timber tends to be a bit cheaper even with all transport costs.
(Participant T1)

Government interventions supporting tree-planting began in the 1870s in regions with little local supply (DAFF 2008).
After that, state governments established the first softwood plantations. It was not until 1997 that Australia developed
its first plantation policy and supported large-scale native eucalyptus plantations. Plantations for Australia: The
2020 Vision, developed by federal, state and territory governments, supported expanding the plantation estate
to 3 million hectares by 2020, and included a processing industry. However, for Participant T1 this policy design
was flawed:

Under the Howard government, there were primary-industry tax concessions. Unfortunately, it
brought about fairly one-sided businesses that were investment-based businesses that planted
trees, instead of establishing plantation-based businesses, like Timber Corps, FEA, the Great
Southern Plantations. They were using a tax benefit, but it didn't really create enough productive
plantation because they were getting an eight-year return from the blue gums—Eucalyptus globulus.
You can harvest that in eight years, but they were looking for fast turnaround. (Participant T1)

Subsequent growth in plantations has slowed over recent decades.
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The forestry portfolio currently sits within the Department of Agriculture, Water and the Environment (DAWE),
an ambivalent position in government according to Participant T1:

Growing trees, obviously that’s primary production. But turning the trees into finished products
is primary processing. And that's quite sophisticated. [...] So it's a bit like, ‘Well, you take a tree,
we don't see that as high-tech manufacturing. But in fact everything to do with turning a tree into
finished products is high-tech manufacturing. But, yes, we sit within agriculture. (Participant T1)

Subsequent efforts to have forestry recognised for the development of Industry 4.0-driven manufacturing
has not been successful, and this has limited advanced manufacturing in the timber industry:

They've created these centres of excellence around manufacturing, and we've turned up to those
structures and said, ‘We're forestry, we'd really like to do some stuff around big data and sawmilling’
And they go, ‘You're not food manufacturing, so we're not interested.” (Participant T1)

Supply chain lock-ins

The residential-housing-industry supply chain is structured in a way that enables some actors to control how
wood is used. In effect, it disconnects timber producers from end users and prevents change and innovation
along the supply chain. As Participant T1 put it, ‘[the growers] are divorced from the market’ Two struggles over
supply-chain arrangements illustrate the way power can be exercised in supply-chain arrangements that preserve
the status quo. The first struggle relates to softwood; the second to nail plate.

Structural softwood is produced in Australia by approximately six to eight companies, and there are eight to
10 softwood importers of significance (Participant T9). These are all reasonably sized business turning over
between $100 and $120 million. However:

With $100 and $120 million turnover in business, these are reasonably sized sophisticated
businesses. One of the reasons that [an Australian timber manufacturer] was originally trying to go
into the prefabrication area was to have more degrees of freedom. They were threatened by their
customers, who said that if they continued to do this, they wouldn’t buy as much timber. The supply
chain [downstream] is locked in on you by one of the actor groups. (Participant T9)

Another value chain lock-in relates to the role played by nail-plate companies such as Pryda, Multinail and MiTek.
Setting up a frame and truss company is a low capital business, requiring truss and wall panel machinery, software,
training and finance. The arrangement set up between the nail plate company and the frame and truss company
can be financially ‘on good terms’. However, the arrangement also means that a frame and truss company cannot
shift to another nail-plate company. Participant T9 explained that the manufacturer ‘effectively becomes trapped
in that ecosystem’:

Frame and truss companies are basically jobbing shops. Every frame and truss is effectively
different. You can only make them one at a time, or if you've got two lines, two at a time. There is no
manufacturing efficiency, no economies of scale. There's no standard truss produced in Australia

... In some ways it's a form of sharecropping; they are a captured value chain. One of the few things
that these small companies can change about their business is their timber supply. Their role might
have 100 per cent loyalty to a nail-plate company, but they do not have any significant loyalty, or
less loyalty, to a timber company, and will shop around. (Participant T9)

Overall, relationships in the timber supply chain are structured around a set of interests that militate against
industry development and innovation in the use of timber in the HCI industry:

If you are a timber company, and to some extent through the wholesale chain as well, the timber

industry is basically trapped by its customers. Even though they are much bigger in size and
sophistication, they are not controllers of their destiny. (Participant T9)
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4.4.3 Timber industry innovation

Two areas of timber industry innovation show how industry supply chains are resistant to change. First is the
difficulty in getting timber to be used in mid-rise, multi-unit apartment housing structures. Mid-rise, multi-unit
housing in the MUACTI industry has traditionally been built by constructing buildings with reinforced concrete
columns and floors. They can be built with timber, but this innovation has largely not been adopted. Second, there
is considerable scope for reducing waste and increasing the flow of materials through the timber supply chain by
greater use of Industry 4.0 digital technologies.

Timber and multi-unit apartments

In 2016, the use of timber to build MUACTI mid-rise residential apartment buildings was allowed following the
incorporation of a ‘deemed-to-satisfy provision’ in the NCC, allowing for residential apartment buildings up to
25 metres in height (8-9 storeys). Two existing timber buildings informed the development of the NCC deemed-
to-satisfy provisions: Forte, built by Lendlease; and The Green, built by Fraser’s. The factor that enabled their
acceptance was responding to fire risks ‘by encasing [timber] in fire-resistant plasterboard’ (Participant T9).

Two types of timber construction can be used to construct multi-unit apartments: stick building and EWPs. The
stick-built technology extends the technology used in the residential house construction industry, which uses
timber-framed walls, timber floors and roof trusses. In multi-unit construction, the frames and floors are stacked
on top of each other. The EWPs are bespoke products that meet specified design requirements and structural
standards. However, the adoption of these two timber technologies in the MUACTI industry has largely stalled.

In the case of the stick-built industry, supporters have largely failed to generate interest from within the HCI to
extend their operations into a new type of construction using well-established stick-built technology and skills:

Despite all the effort ... there's still no frame and truss company in Australia that wants to supply
the non-detached market. And particularly to go through the market cycles that we've had,

even though they would have had the capacity to do it anyway. So, effectively after six years and
since the introduction of the deem-to-satisfy provisions, we've failed to deliver lightweight multi-
residential construction. (Participant T9)

The take-up of EWPs in the MUACTI industry has also failed, despite it being used in university, corporate and state
government buildings, as well as in institutional residential buildings such as student accommodation. Developers
in the MUACTI industry, with a few exceptions, have not switched from designing and building reinforced concrete-
framed buildings to the unfamiliar EWP technology manufactured and prefabricated offsite factories.

The FWPA Wood Solutions training project and the production of Technical Design Guides has not convinced the
MUACTI developers, their finance sources, design consultants and builders to initiate and procure timber multi-
unit apartment buildings. In this context, there is scope for reviewing the way these actor groups identify and
assess risks that could arise in a transition from reinforced concrete to timber as the main structural material

in multi-unit apartment buildings.

Industry 4.0 digital technologies

Digital technologies can support information-sharing and improve coordination along the supply chain, which is
dominated by SMEs with no R&D capacity and limited access to capital. Digital technologies have the potential to
increase efficiency and reduce waste. This has led to a FWPA project that has made progress in introducing digital
technologies to some parts of the industry. An example is the use of digital technology to scan logs going through
sawmills: FWPA funded the research that enabled all the sawmills to benefit from upgrading their scanners. This
upgrade, coupled with the right software, supported better analysis of log volumes and enabled optimal cutting

of timber to different sizes and lengths. This type of innovation is in everyone’s interest because they are all paying
for the material.
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However, a problem still remains, as the downstream sawn timber users are not digitally connected to the sawmillers.
This means that downstream user data about the lengths they cut when making up wall frames and trusses is not
transmitted back to the sawmillers. The sawmillers have no data to make decisions about the lengths that could
significantly reduce waste created by downstream users. Participant T1 describes the problem:

Because he'’s busy buying a 6-metre length, he cuts it down to a 1.8 metre, and he ends up with
30 per cent waste. Whereas if his cutting patterns were fed back to the sawmiller, the sawmiller
could go, ‘Great, | can punch bloody ten 1.8 metre lengths out of these logs, and get more
productivity. (Participant T1)

Because of this failure to digitally join up firms along the supply chain, the levels of waste increase. As Participant
T1says: ‘They can’t get enough material, and they’re wasting 10 or 15 per cent of it because the sizes don'’t fit what
they have to cut!

Digital technologies can also support information-sharing along the supply chain, improve coordination and
reduce waste. The idea of supply-chain integration could even be extended by pooling data so that it can be used
up and down the supply chain by growers, sawmillers, distributors, wholesalers and manufacturers. Participant T1
sums up the situation: ‘We need to grow more trees, but that’s going to take 20-30 years ... but something we can
do in the short term is improve productivity.’

4.4.4 Timber industry institutional challenges

There are two stand-out institutional challenges facing the Australian timber industry and supplying timber for
future use in residential housing. They are:

» the continuing reliance on imported timber, and a forecast increase in this reliance

» the failure to systematically consider how the enormous stocks of timber already layered into the existing
residential housing stock will be reused as this stock is progressively renewed.

Reliance on imported timber

Australia relies on timber imports. The long-term annual average of timber imports has been 20 per cent of total
supply by volume, and the gap is forecast to reach 40 per cent by 2050 (Woods and Houghton 2022: 6). There are
two reasons for this reliance on imports. First, the increased protection of native forests has resulted in a decline
in hardwood timber. Second, plantation timber policy has led to growth, but it is insufficient. Jenkin (2018: 10) sums
up the history of plantation timber production:

Farm forestry has been a grand experiment promoting commercially un-proven species to be
planted and managed in a commercially un-proven manner in areas lacking a market for the target
log outcomes.

In this context, Participant T9 argues for ‘providing an incentive to increase the amount of commercial wood
production in Australia through planting more trees ... a properly planned plantation policy’ Participant T9 sees
the need for urgency because timber is competing with steel:

We've only got probably got 10 to 15 years left as a competitive advantage. As soon as you have
recycled steel that is being produced with renewable energy, the embodied energy of steel will
probably be as good or better than wood products. (Participant T9)

There is broad recognition for the need to reformulate plantation policy. The history, management, policy settings
and prospects of plantations have been well researched (Jenkin 2018; Jenkin, Keenan et al. 2019; Standing
Committee on Agriculture and Water Resources 2021; Whittle, Lock et al. 2019) and provide the basis for
stakeholder engagement and a process for reformulation.
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Waste and reuse

Existing buildings, particularly housing built over a very long period of time, contain very large quantities of
timber. As these buildings reach the end of life, they are typically demolished. The question in this era where the
conservation of building materials is becoming a priority is: how should recycled timber be treated? Data from
the states and territories indicates that in 2016-17 nearly 2.4 million tonnes (2,369,680 t) of timber waste was
generated. It is estimated that the construction and demolition sector was responsible for 26 per cent, and the
commerce and industry sector 64 per cent (Shooshtarian, Magsood et al. 2019: 24).

Currently there is no regulation of used timber. It is simply assumed to be waste and it is one form of waste among

many that is covered by the same legislation as general waste. Nor is there a commonly accepted practice that
leads to the systematic conservation and reuse of timber. Nevertheless, there is a market for recycled timber.
However, it is a small market that tends to focus on highly valued larger pieces of timber that are retrieved and
reused for furniture and featured in new constructions. A common practice is demolition and disposal of the
timber as waste. Participant T1 graphically describes what usually happens:

That’s the reuse challenge, because any reuse that sort of appeals to people looking at circular
economy is really boutique [...] But that would be 1 per cent of what happens, because these
houses that are getting demolished, | looked at some data the other day, that 16,000 houses

were knocked over last year in Australia, most of them would just be bowled over, put in the back
of a truck and probably 90 per cent of it ends up in landfill because no one bothers to even try and
strip the timber out of it. (Participant T1)

For most actors in the demolition and the housing industry, recycled timber is regarded as ‘waste’ as opposed
to ‘resource’, as it is perceived as having little to no value:

It's like everything in our industry. Everyone’s a tightwad so they don't pay for that, they say, ‘Oh,
we're doing you a favour by getting rid of your waste,’ so they aren’t paying the frame and truss guy
for his waste, which is sort of crazy because it's obviously got value. This is always the great dispute
in our industry: who makes the money? Where does the value sit? And everyone always figures it's
the other bloke who's getting the money rather than them. (Participant T1)

Another challenge with reuse is the potential toxicity of treated timber products. As Participant T1 put it: ‘How do
we deal with treated products within that mix? Because you can't put treated products through the same process,

because the chemicals can be toxic’ (Participant T1).
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Figure 16: Timber industry supply chain
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4.5 Policy development implications for building materials supply chains

This section has presented case-study analyses of the institutional arrangements that produce concrete, steel
and timber building materials that flow into and out of the residential housing system. Builders in both building
construction industries orchestrate these material flows onto building sites and into dwellings. However, they
do this within a context where many other actor groups—such as built-environment professionals, finance
institutions, regulators, developers, distributors, manufacturers and purchasers—all contribute to establishing
the ‘rules of the game’.

Until now, the carbon embodied in the materials flowing into and out of the housing system has not been a concern
of any of these actor groups. This is the context for the development of a CE policy framework that can guide some
actors to insist that recognising and reducing embodied carbon be incorporated into the ‘rules of the game’.

Three areas of policy development are proposed that could assist in reforming the ‘rules of the game’ for the use
and reuse of building materials in the residential housing sector:

» learning about carbon in building materials
» regulation

e supply chains and industry policy.

4.5.1 Learning about carbon in building materials

The idea that carbon can be embodied in building materials is a new concept for most people involved in the
residential housing system—employees, contractors and subcontractors, consultants, professionals and
regulators. Education and training systems could potentially provide the means for increasing the knowledge
and understanding of carbon in building materials by those working in the residential housing system. The higher
education, TAFE and professional development systems could all make a contribution. Initial steps that could be
taken in developing a policy and program development initiative are outlined below.

» Find a suitable high-profile government agency or civil society organisation to prepare a discussion and
consultation paper on learning about carbon in building materials through higher education, TAFE and
professional development.

« Conduct a national consultation with industry intermediary organisations—such as industry associations,
professional associations and civil society organisations—universities with built-environment programs,
TAFE colleges with built-environment trade programs.

* Present the report with recommendations for a national program to support learning about carbon in building
materials to federal, state and territory governments, seeking their resourcing and support to include this form
of learning into their climate change mitigation strategies.

4.5.2 Regulating for low carbon

The NCC is a performance-based code that sets minimum levels for the safety, health, amenity, accessibility

and sustainability of buildings. The Australian Building Control Board (ABCB) acts on behalf of the federal, state
and territory governments to produce and revise the NCC. The ABCB could be required to expand the scope

of its sustainability regulation to support the decarbonisation of the housing system by regulating to lower the
embodied carbon in material flows into housing, along with the reuse of CDW materials from the housing system.

The extended regulatory regime should be supported by a simple-to-use digital recording system that records
the flow of materials into the housing system. This should be based on a system that reads bills of quantity and
requires manufacturers to generate EPDs for all materials. This system should be designed so that there is national
monitoring of the stocks and flows of materials in the housing system, while also supporting regulators at the local,
regional and state or territory levels.
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4.5.3 Supply chains and industry policy

Building-material supply chains are complex. The involve different actors that are often uncoordinated and
have conflicting interests, including manufacturers, distributors, retailers, regulators, professional consultants,
contractors and subcontractors. Many of these actors, in addition to participating in complex supply chains,
are also members of or are affiliated with an intermediary organisation such as an industry or professional
association. For example, a sheet-metal product manufacturer might belong to the Metal Roofing and Cladding
Association. Further, the CEO might be a member of Engineers Australia.

These multiple forms of affiliation, including firm, industry and profession, provide the basis for formalising
consultative arrangements for supply chains that could support collaborative supply-chain decarbonisation
planning and implementation. For example, it would be possible to identify the actors that are involved in the
manufacturing, specifying, delivery and installation of concrete to residential housing projects. On this basis
those involved in the relevant intermediary organisations such as the CCAA, Concrete Institute of Australia,
Steel Reinforcement Institute of Australia, HIA, MBA, Engineers Australia, Australian Institute of Quantity
Surveyors and AlIB could be brought together. These temporary network organisations could be established
as housing-industry supply-chain councils.

The industry supply-chain councils would be resourced by two federal ministerial agencies in the areas of climate
change mitigation and industry development. In line with suitable terms of reference, they would be supported to
identify the constraints and opportunities for CE, decarbonisation and industry development. The processes they
could use include research and consultation papers, proposals for industry/supply chain support programs, regulatory
reform, research projects and areas for de-risking investment through the Clean Energy Finance Corporation.
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Section 5.1 summarises the key findings against the guiding project research questions. Section 5.2 connects the
findings with the strategy elaborated as part of the Inquiry overarching project.

5.1 Summary of research findings

Who are the key institutional actors in the supply chain supplying materials for use in the
Australian residential housing system?

The institutional perspective reveals how industry fragmentation continues to shape the flow of building materials in
housing construction. Builders in the housing industry draw materials for house and multi-unit apartment construction
from many supply chains, and draw products and services from at least 27 industries. Some building materials
supply chains are dominated by oligopolistic building materials manufacturers, while others are more fragmented,
with a larger presence of SMEs. There are also innovators and risk takers seeking to change materials design,
production, distribution, disposal and reuse. There are various opportunities and constraints for CE innovation
both within oligopolistic supply-chain arrangements and smaller innovative risk-taking companies. All key institutional
actors in the supply chain will need to change if there is to be systematic and deep reduction, reuse, recycling and
recovery of resources.

What supply-side/demand-side drivers can increase the contribution that materials
production and distribution can make to a CE?

The research established that the CE concept is not an embedded or well-understood concept in the material
supply chain and housing industries. However, a number of drivers were identified that have the potential to
help shift the framing and conduct of supply chain industries so that they could become more familiar with CE
concepts and practices. These drivers include:

« financially incentivising improved design, including design for deconstruction

« construction and end-of-life practices, including end-of-life stewardship responsibilities

» ensuring that large-scale stockpiling of used materials is practical and affordable

» ensuring that NCC regulations and local planning approvals are developed and implemented so that

regulation supports CE.

The efficacy and continued development of drivers can be supported by the improved recording of the flow and
composition of materials through the use of material passports into and out of the residential housing system.
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What are the needs and opportunities for training and Australian jobs in the creation of
the materials supply chain within a developing CE?

The research finds that there is little understanding or interest in how to introduce and make CE changes, and
that there will be a need for significant (re)training of key industry stakeholders. An example was seen in The
Cape case study in Section 3.2, where stakeholder training on new measures was provided in how to prevent
thermal bridging, and how to seal buildings. The two case studies highlighted the benefits of contractors and
subcontractors collaborating so that everyone improves. This approach is different to much of the industry,
where businesses compete and protect their IP. Within the industry more broadly, there are few opportunities
to learn about CE practices such as disassembly and materials reuse. For those who do have knowledge and
experience in CE, there will be opportunities to work in this area as demand for expertise grows.

What are the key innovation challenges and opportunities from Industry 4.0 and the use
of materials in the Australian residential housing system?

Material stocks use by housing industry, dominated by heavyweight materials such as brick and concrete,
continues to increase. Development of databases and the capacity to use the data will require significant
innovation. A starting point is to ensure that the data is captured through the required submission of ABDs and
digital passports. These measures provide a framework for tracking materials and product use over time and will
extend the practices of deconstruction, reuse and recycling. They can also assist in understanding the cost of CE
practices, and how they can be factored into the economics of new buildings and their maintenance. Also, these
measures can assist in costing the constraints flowing from the lack of factory-based offsite manufacturing where
CE systems and practices are more easily established.

What are the challenges and opportunities—financial, fiscal, regulatory and policy—for
material use resulting in more sustainable design and build outcomes?

The challenge for the housing sector is to develop strategies to decarbonise the flow of materials into the housing
stock, increase material reuse and reduce the use of new materials. CE principles are best put in place at the
design phase, which can be difficult given the lack of expertise. The recovery and reuse of building materials is
also difficult in the absence of regulation, underpricing of landfill, the absence of markets, poor waste-stream
data collection, and designs that do not support material end-of-life recovery. There is some reuse of materials,
principally concrete and steel, where there is stewardship and markets. However, timber reuse is limited to niche
or boutique initiatives, or is downcycled into mulch or fencing. The costs of cleaning up timber by removing nails
and its compliance with standards are issues that make reuse problematic. Similarly, kitchen and plumbing
supplies are rarely reused or recycled as high-quality recovery is compromised when deconstruction is not
designed for at the outset. Brick recycling is labour intensive, as bricks require cleaning prior to reuse, and
transport is expensive.

5.2 Project recommendations towards CE housing

Important policy issues and policy responses were identified during the course of the research presented in the
Sections 1-4, which focussed on:

» the structure of the housing industry, which is split between HCI detached housing and MUATCI multi-unit
apartment housing

» the availability of data that can be used to map and analyse the flow of materials into and out of the housing system

« design and onsite decisions about material choice and material reuse for low-rise and multi-unit apartment
housing construction

« theinstitutional arrangements of manufactured material supply chains that supply materials to housing
industry builders.

AHURI Final Report No. 402 Building materials in a circular economy 73



5. Policy recommendations

The following areas for policy development were identified, and preliminary ideas for their further development
are outlined.

Materials data collection and analysis: The research identified significant gaps in data necessary for
understanding the flow of materials used in the construction of housing, materials already in the housing
system, construction and disassembly waste, and reuse. The Australian Housing Data Portal established by
the CSIRO has made considerable progress in the development of a data system, but better builder reporting
is required. Future initiatives should include the digital recording of material flows through ABDs and material
passports, supporting stock in-use and materials tracking over the lifespan of dwellings. Data should also
support analysis of materials used at regional and local scales.

Incentivising disassembly and reuse: It is difficult for building-industry stakeholders to economically justify
disassembly and reuse. Policy development should focus on incentivising disassembly for material reuse,
as well as encouraging other ways to reduce embodied energy through material selection and the use of
local products that require less transportation. Creating reuse markets within Australia is important, but
given global supply chains it is likely that these markets will connect with international markets. Ensuring
that local building-industry stakeholders are not penalised by markets that do not value waste may require
consideration of border-adjustment regulation.

Regulation for low carbon: The NCC is a performance-based code that sets minimum levels for the safety,
health, amenity, accessibility and sustainability of buildings. Future NCC regulation could expand the scope of
sustainability regulation to support housing-system decarbonisation. The focus to date has been on reducing
operational carbon emissions rather than whole-of-life carbon emissions. NCC regulations could lower the
embodied carbon in material flows and support the reuse of CDW materials. This extended regulatory regime
would be supported by simple-to-use digital recording systems for recording material flows. Most recycling
and reuse regulations focus on end-of-pipe solutions. Regulations should support reuse, rethink, repurpose
or remanufacture.

Tilting investment flows: Policy makers can shape investment flows in ways that support decarbonisation of
material industries. This form of investment, accompanied by regulation, can support the decarbonisation of
materials manufacturing and stimulate demand for recycled materials. Strategic use of public procurement
is a complementary form of support. The use of taxation policy can also guide optimisation of resource use in
material life cycles, including raw materials resource taxes, tax relief on reuse and repair, and carbon credits
to incentivise reduced emissions.

Building capacity: Expanding the pool of people with a knowledge of CE education, training and skill development
is a high priority. This can be done through curriculum development for use in universities and TAFEs, and in
professional development in-service training that presents CE and embodied carbon concepts in the built
environment. This education and training program would focus on topics such as materials manufacturing,
digital recording of material flows, material supply chains, materials innovation, construction, maintenance
and deconstruction processes, building-industry institutional arrangements and emissions reduction policy.

Supply-chain decarbonisation planning: Building-materials supply chains are complex. They involve different
actors that are often uncoordinated and have conflicting interests, including manufacturers, distributors, retailers,
regulators, professional consultants, contractors, subcontractors and social movement organisations. There
is a case for establishing housing-industry supply-chain councils. Council members would be drawn from
industry and professional associations and civil society social movement organisations, including relevant
unions. Each council, supported by a federal government industry agency, would support a deliberative
process that aims at developing a supply-chain decarbonisation plan.

5.3 Final remarks

Itis clear from the research that support from the residential housing industry for the integration of CE into the
residential housing material supply chains is limited. A significant government policy effort and willingness by the
industry to support a transition towards CE ways of working will be required.
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5. Policy recommendations

The public policy focus to date has been largely about regulating the industry to improve the energy efficiency
of new houses and apartments. Implementing a higher standard has been a long, drawn-out process, where the
housing industry has sought to slow down the implementation of higher standards.

A move to a CE-driven housing industry will require substantial whole of industry change, including the housing
industry and its supply chains. However, there is a new imperative that will flow from the new commitment by the
Australian Government to legislate higher emission-reduction targets.

The Intergovernmental Panel on Climate Change (IPCC) has signalled that developed industrialised countries
will have to extend their emission abatements beyond switching to renewable electrical energy generation and
electrifying motor vehicle transport. The IPCC (2022: 11-6) has observed that until recently ‘industry has so far
largely been sheltered from the impacts of climate policy and carbon pricing due to concerns for competitiveness
and carbon leakage’.

The IPCC has now made it clear that industry faces a challenge, and it is worth quoting in conclusion:
Net-zero CO, emissions from the industrial sector are challenging but possible. Reducing industry
emissions will entail coordinated action throughout value chains to promote all mitigation options,
including demand management, energy and materials efficiency, circular material flows, as well as

abatement technologies and transformational changes in production processes. (IPCC 2022: SPM-38)

It is important to remember that the housing industry is included in the IPCC definition of industry.
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Appendix 1. Workshop material

Building materials in a circular economy: Workshop briefing paper
for Section 4

Centre for

Urban Research I.i

increase CE and reduce embodied carbon in the
R ; production, distribution, and use of materials. An
This briefing paper informs the workshop for the online virtual board will be used to help visualise
research project Building Materials in a Circular input in the discussion.

Economy (2021-2022) on housing industry

building materials supply chains. The project is The workshop will be recorded, and the recording
funded by the Australian Housing and Urban will be used for the research in accordance
Research Institute (AHURI). Led by RMIT, it is one with RMIT Research Ethics provisions. All
of four linked projects underpinning the Inquiry contributions will be subsequently anonymised,

into Housing in a Circular Economy led by and participants will be expected to observe the
Prof Ralph Home and involving five Australian Chatham House Rule. This rule states:

universities.

; When a meeting, or part thereof, is held under
The workshop focus will be on the prospects for the Chatham House Rule, participants are free
shifting to a circular economy inhousing building to use the information received, but neither the
materials. We know that a range of capabilities, identity nor the affiliation of the speaker(s), nor
models, practices, policies and incentives are that of any other participant, may be revealed.
required as we transition to a building materials

circular Eeerernyy [ 2050- Multiple aspects of The workshop will be chaired and facilitated by
reuse and waste in material supply chains need Prof Ralph Horne.

to be considered. Two questions will guide the

workshop: 2. The circular economy: decarbonising the
housing system

1. Who are the key influencers in housing
construction supply chains and how do
they shape the choice and use of materials?
What supply-side drivers and dynamics
could accelerate the contribution of
building materials to decarbonising the
housing system?

There are various definitions of the CE concept;
this research adopts the following one:

We define the Circular Economy as a
regenerative system in which resource input
and waste, emission, and energy leakage

are minimised by slowing, closing, and
narrowing material and energy loops. This
can be achieved through long-lasting design,
maintenance, repair, reuse, remanufacturing,
refurbishing, and recycling (Geissdoerfer et al
2017)

The workshop will be an online, invite-only
event of selected experts and will not exceed 2
hours. It will consist of three parts. First, an open
discussion of key priorities responding to the
above two questions; second, a presentation
of the industry analysis already undertaken
by the research team, and, third, a facilitated
conversation that critically assesses and reflects
on the supply/demand side drivers that could

In 2013, 90.3 Mt CO2e of emissions embodied
in new materials flowed into the construction
sector. This formed 18.1% of Australia’s total
emissions in that year. Residential building was
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responsible for 21.5 Mt CO2e emissions, or 24 %
of the total (Yu et al. 2017, 217) of which:

cement, concrete, plasterboard, limestone, brick
and other ceramics accounted for the largest
embodied emissions (39.2%), other minerals
accounted for 24.2%, iron & steel and timber
contributed similar amount at around 9.8% and
9.3% respectively, other metals 9.2% and plastic,
polymer and rubber 6.0%

Construction and demolition waste totalled 27
Mt, some 447% of the total waste managed by the
waste and resource recovery sector (Pickin et al.
2020, xi).

The challenge that Australia faces in
decarbonising the construction sector is shared
globally. The Global Alliance for Buildings and
Construction (GABC), a program supported

by the International Energy Agency (IEA) and
the United Nations (UN) Environment Program
describes the challenge:

The buildings and construction sector is a highly
“local” and “fragmented” industry, with no single
group of large businesses having significant
control of the stock and value chain. Innovation
is slow, largely due to this fragmentation, and
there is a lack of a common and international
vision from the disparate actors in the sector.
(GABC 2020, 13)

The challenge for the housing sector is to
develop strategies for 'long-lasting design,
maintenance, repair, reuse, remanufacturing,
refurbishing, and recycling’ to reduce the
consumption of carbon intensive materials
going into the housing stock. Embodied carbon
emissions flow from the manufacture, transport,
construction and end of life disposal of building
materials. The World Green Building Council
(WGBC) demonstrates the urgency, noting the
current pattern of growth
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will consume vast amounts of natural resources,
contributing to an expected doubling of the total
global consumption of raw materials by around
the middle of the century, significantly increasing
the sector’s emissions and climate impact
(WGBC 2019, 7)

In some European and Scandinavian countries
and the USA, requirements are now in place

to measure and report on embodied carbon

in new buildings and infrastructure. The NSW
government has also announced its intention to
use the planning system to require the carbon
intensity of new major developments to be
reported.

3. The housing industry as an institution

An institutional approach is important to

inform new ways to reduce embodied carbon

in the housing system. It shows how industry
fragmentation continues to shape the flow of
building materials in housing construction. It
focusses on industry actors and their patterned
relationships that constitute supply chains and
enable and constrain exchange processes. It

also focuses on industry bodies that service and
represent the industry. The institutional nature of
housing production in Australia can be described
by referring to three key features:

¢ Housing industry structure and operations

* Housing industry intermediaries representing
the industry

¢ Housing industry supply chain industries

3.1 Housing industry structure and operations

Table 1 divides the housing industry into two
main elements: detached housing and multi-unit
apartments. It presents summary information

on industry structure; industry composition;
purchasers; fluctuating industry activity;
globalisation — exports and imports; and industry
regulation. Three features stand out with regard
to the structure of the industry and the nature of
the businesses that comprise them:

1. There is a limited presence of large
companies by output in both house building
and multi-unit and townhouse construction;

2. There is a heavy reliance on highly mobile
sub-contractor labour forces with skill sets
required to work with specific materials;

3. The dominant business model of builders
involves them setting and securing a limited
margin on cash flows for material purchases
and work completed by sub-contractors.
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A consequence of these features is that

there are few companies with the necessary
resources for internal R&D, innovation and
strategy development which could be used
for development of circular economy building
construction methodologies and material use.

In addition, the regulation of energy efficiency
and circular economy practices has been
fraught and largely piecemeal when compared
to more systemic approaches in other sectors.
From the 1970s, state and territory governments
promoted voluntary initiatives on energy
efficiency, and it was not until 2003 that energy
efficiency standards were mandated (2005 for
multi-residential developments). Subsequently,
requirements have been increased and in 2010
the 6-star standard was adopted.

Although limited, the research shows that the
energy efficiency standards required by the
Australian Building Codes Board (ABCB) have
provided energy savings for new homes (Berry
and Marker 2015). Underpinning this has been
the Nationwide House Energy Rating Scheme
(NatHERS) software tool used to assess plans
and building specifications resulting in better
insulation, double glazed windows, shading, sun
smart dwelling orientation and solar panels.

Currently governments are considering whether
to increase the star rating from 6 to 7.5 which
would bring Australian standards closer to
standard practice in the USA and Europe. There
is no current regulation regarding circular
economy, extended producer responsibility, or
embodied energy/carbon relation to the sector
in Australia.
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In this context Australia has much to do in the
development and implementation of energy
efficiency regulation and circular economy
building materials compared to most other
Organisation for Economic Co-operation and
Development (OECD) countries. Minimum
standards and enabling measures lag
comparable countries, which has resulted in
Australia being well behind international best
practice (Moore et al 2019).

3.2 Housing industry intermediaries

Intermediaries include membership
organisations or agencies that provide advocacy
and services for their members. They can drive
change or resist change by seeking to maintain
status quo arrangements. In the housing industry
there are three main forms of intermediaries and
Table 2 lists key intermediary organisations for
each of these types.

3.3 Housing industry supply chains

Builders in the housing industry draw materials
for house and multi-unit apartment construction
from many supply chains. Housing industry
builders draw products and services from at least
seventeen industries listed in Table 3. All will
need to change if there is to be a systematic and
deep reduction, reuse, recycling and recovery of
resources.

In the workshop we will present some of our
analysis on these supply chains.

e /
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Industry
What is produced

Table 1. The housing construction industry

House construction

Housing construction for households pur-
chasing a house on land they own (58%);
alterations, additions, renovations and
improvements (22%): housing repairs and
maintenance (13%); other services (6%).

Multi-unit apartment and townhouse construction

Project management and construction generally for
developers who own the land: multistorey apart-
ment complexes (50%); townhouses and semi-de-
tached terrace houses (30%); suburban and rural
flats or units (5%); alterations and additions to ex-
isting buildings (15%). Apartments and townhouses
are typically strata-titled.

Industry structure

Low capital intensity — contractors provide
project management and trade skills and
typically lease capital equipment, such as
scaffolding, lifting and earthmoving equip-
ment. Contractors in this labour-intensive
industry rely on subcontractors who pro-
vide their own tools.

Low concentration — house construction
broadly divides into two categories (a)
many small-scale businesses with approx-
imately half generating less than $200,000
pa and 58% of businesses with no paid
employees (b) 30 medium- to-large-scale
firms (volume builders) each construct-
ing more than 400 dwellings pa. using
sub-contract labour with annual revenue
exceeding $50 million.

Low/moderate innovation — development
of materials and tools has reduced skilled
labour requirements and project managers
are increasing their use of digital tools

Low capital intensity — the main industry contri-
bution to value comes from skilled labour and
construction management services which do not
require significant capital. Project capital is typically
the responsibility of the developer.

Low concentration — The industry’s four largest
firms were expected to account for less than 20%
of industry revenue in 2020-21 although the share
has increased

Barriers to entry — builder registration, license to
practice, member of industry associations with
access to a pool of sub-contractors and arrange-
ments with material suppliers

Low/moderate innovation — increasing use of digital
technology in project management and innovative
building materials

Industry The small business builders produce Small-scale businesses dominate the industry. Over

composition small numbers of houses each year. The 3/4 of industry enterprises are small businesses
larger companies known as the ‘volume with no paid employees. Approximately 56% of
builders’, such as Metricon, G.J. Gardner | businesses generate less than $200,000 in annual
Homes, ABN Corporate Services, BGC revenue. The industry includes some large-scale
Housing Group, MJH Group, Simonds multi-unit builders such as Multiplex, Dyldam, Pro-
Group, Burbank, Henley Homes, Hoton- build, Hickcory Group, Lendlease, Meriton, Geo-
do Building, have market shares ranging con, L U Simon, Parkview Construction, J Hutchin-
between 1 and 3% of new house con- son. They have market shares ranging between 2
struction. These companies have been and 5% of annual apartment production totalling
extending the geographic spread of their 28%. All builders rely on extensive sub-contracting
operations. Both the small builders and the | and little direct employment.
volume builders rely on extensive sub-con-
tracting and little direct employment

Purchasers Purchasers are overwhelmingly owner Developers recruit purchasers through ‘pre-sales’
occupier households purchasing houses contracting, which indicates demand, and a basis
from the builder in new outer-suburban for obtaining development finance and contract-
growth areas. Purchasers can also be ing a builder. Purchasers are both owner occupier
rental investors households and landlord investors

Fluctuating Industry fluctuations are shaped by: interest rates; population growth and household formation;

industry activity pricing of land and dwellings; income growth and distribution; and change in first home-owner

assistance programs. House builders respond quickly to changes in demand. However, devel-
oper responses to changes in demand for apartments and town houses is lagged due to longer
planning, financing and construction time frames.

Globalisation — ex-
ports and imports

House and apartment builders are minimally involved in exports with the exception of Lendlease
which operates in Australia, Asia, Europe, the Middle East and the Americas. Builders use some

imported building materials and fixtures.

Regulation

Regulations include local and state government building standards; builder registration; insur-
ance; warranties; building permit approvals; planning regulation; noise and effluent pollution
controls; disruption to existing businesses or residents; and occupational health and safety.
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Sources: IBISWorld reports and Dalton et al (2011), Dalton et al (2013), Ong et al (2017)
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Table 2. Housing industry intermediaries

Professional associations

Industry associations

Housing construction °

e Housing Industry o
Association .

e Master Builders .
Association

Land development
e Urban Development °
e |Institute of Australia

Construction

e Australian Construction .
Industry Forum

e Australian Constructors .
Association

e Civil Contractors Federa-
tion

e Construction & Mining
Equipment Industry

Group

Property

e Property Council of
Australia

e Real Estate Institute of
Australia

Australian Institute of Architects
Planning Institute of Australia
Engineers Australia

Australian Institute of Project
Management

Australian Institute of Building
Surveyors

Australian Institute of Quantity
Surveyors

Australian Institute of Building
Building Services Contractors
Association of Australia

Building Designers Association of
Australia

Facility Management Association
of Australia

Civil society

e Green Building Council of Australia
e Australian Sustainable Built

e Environment Council

e Alternative Technology Associa-
tion

Beyond Zero Emissions

Renew

Energy Efficiency Council
Infrastructure Sustainability
Council of Australia

Materials & Embodied Carbon
Leaders’ Alliance (MECLA)

e e o o o o

Table 3. Tier 1 industries supplying materials
and services to residential builders

4. The building materials industry: towards a
circular economy

Wooden Structural Component Manufacturing
Fabricated wood manufacturing

Carpentry and joinery timber manufacturing
Carpentry Services

Plastering and Ceiling Services
Ready-mixed Concrete Services

Painting and Decorating Services

Clay Brick Manufacturing

Landscaping services

Tiling and Carpeting Services

Advertising Agencies

Surveying and Mapping Services
Architectural Services

Engineering Consulting

Construction Machinery and Operator Hire
Machinery and Scaffolding Rental

Solid Waste Collection Services
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Multiple interventions drawn from a spectrum

of possibilities will be required. We start consid-
ering these possibilities by using the four policy
instrument categories, proposed by Urge-Vorsatz
et al. (2007), in Table 4 which presents summary
accounts of recent initiatives aimed at increasing
built environment energy efficiency and reduc-
tions in embodied carbon.
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Table 4. Contemporary built environment energy efficiency and carbon reduction initiatives

Control and regulatory measures

Control and regulatory measures refer to rules that apply to activities, processes or outcomes and are typi-
cally the responsibility of government.

Contemporary examples are:

e NCC regulation commencing in 2010 requiring all new dwellings to be designed to meet a six-star energy
efficiency level

e The Australian Prudential Regulation Authority (APRA) is ‘seeking to ensure that APRA-regulated institu-
tions are managing the risks and opportunities that may arise from a changing climate’.

e The NSW Government (2020) has committed to drive the uptake of sustainable building materials.

Economic and market-based instruments
Economic and market-based instruments aim to modify the relations of existing markets and establish new
markets by creating and reshaping market forces and price changes so as to modify the behaviour of public
and private polluters so that they reduce GHG emissions.

Contemporary examples are:

e The Clean Energy Regulator has created a voluntary market for carbon trading.
e Both NSW and Victoria have established markets for tradeable certificates.

Fiscal instruments and incentives

Fiscal instruments and incentives seek to modify market exchanges by supplementing the capacity of some
categories of actors which gives them enhanced market power.

Contemporary examples are:

e The Clean Energy Finance Corporation (CEFC) co-invests in new assets with companies which lowers
the investment risk in innovative clean energy technologies and assets.

e Government domestic solar energy household grant programs have supported the formation and growth
of a domestic solar energy industry.

Support, information and voluntary action

Support, information and voluntary action programs developed and run by government agencies, NGOs and
companies aim to change the behaviours of target groups.

Contemporary examples are:

e The GBCA Green Star Home program certifies designs and built outcomes that meet set criteria.

e States and territories provide households with information about the energy efficiency of dwellings such
as mandatory energy efficiency rating (ACT), and the Victorian Residential Efficiency Scorecard Initiative
now being rolled out nationally.

e Environmental Product Disclosures (EPDs) are standardised and verified documents presenting the re-
sults of product life cycle analyses.

e Programs, such as the US based Al Gore led Climate Reality Project, Women’s Environmental Leader-
ship Australia (WELA), Climate Action Network Australia (CANA) and the Climate Leaders Coalition (CLC),
are training and supporting business and community leaders to be educators and take action to develop
climate solutions.
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5. Workshop tasks and questions

Sources

A workshop agenda will be circulated prior to the
workshop. This agenda will include:

¢ Introductions: participants background &
engagement with housing materials supply
chains:

* Insights from Project data analysis, and:

e Discussion and prioritisation of future initia-
tives.

The main focus will be on who the key influenc-
ers are in housing material supply chains and
what measures could accelerate the transition to
circular economy housing materials and practices.

Key questions that the workshop will discuss in-
clude the following:

1. What challenges are you aware of with cur-
rent regulatory requirements?

2. How can we learn from our experiences with
energy efficiency regulations for buildings, as
we set minimum standards for circular econo-
my building materials?

3. What inspection and verification regimes are
required that will support independent veri-
fication of circular economy performance in
future building materials supply chains?

4. What market incentives are required to en-
courage circular economy building materials?

5. What institutional models/organisations and
structures are required to support knowledge,
leadership, responsibility and stewardship in
circular economy housing construction?

For example, under question 1 above, current
standard building contracts specify the use of
new materials which prevents the reuse of build-
ing materials even where this would be legitimate
and would enhance circular economy outcomes.
A facilitated discussion of each question will pro-
vide opportunities for participants to contribute
expertise, experience and insights.
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Workshop agenda for Section 4

Meeting  Workshop ‘Building materials and a future Circular Economy

Date

6th of May 2022

Time 12.00 pm -2 pm

Location Online (Microsoft Teams link)

11

1.2

2.

Introductions

Participants background & engagement with building materials and/or circular economy

Presentation of research project in context of AHURI Industry Inquiry Program

Discussion of key priorities

2.1 Who are the key influencers in housing supply chains and how do they shape the choice and use of materials?

2.2 What supply-side drivers and dynamics could accelerate the contribution of building materials to

4.1

4.2

4.3

44

4.5

AHURI Final Report No. 402 Building materials in a circular economy

decarbonising the housing system?

Research insights from project data analysis

Discussion and prioritisation of future initiatives towards circular economy housing
materials and practices

What challenges are you aware of with current regulatory requirements?

How can we learn from our experiences with energy efficiency regulations for buildings, as we set minimum
standards for circular economy building materials?

What inspection and verification regimes are required that will support independent verification of circular
economy performance in future building materials supply chains?

What market incentives are required to encourage circular economy building materials?

What institutional models/organisations and structures are required to support knowledge, leadership,
responsibility and stewardship in circular economy housing construction?

Concluding remarks
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Apartment documentation and site audit: Generic interview questions
for Section 3

1. Position in the organisation/project: Can you please tell us what position you hold in your company and a
little about your career and how you came to be working in the residential/building construction industry and
this project in particular?

2. Current project: Can you please provide us with an overview of this residential construction project and your
role in its design, financing, procurement and construction management? We are particularly interested to
learn more about:

a.

d.

The conceiving and development of the proposal for this project and the main stages that precede its
current construction.

The companies/actor groups that have been involved in the project’s design, financing, procurement and
construction management.

The way the market for this housing project was analysed and understood and informed the decision to
proceed to construction.

The planning and regulatory requirements that have been used to assess the project proposal.

3. Sustainability and circular economy framing: Can you please provide us with an overview of the
sustainability (including circular economy) objectives that were set for this project and the way in which they
have been embedded in the project’s design, procurement and construction management processes? We are
particularly interested to learn more about:

a.

Project sustainability objectives including the main impetus and timing of objective setting in project
conception, development and operations.

The embedding of project sustainability objectives within the design, financing, procurement and
construction management processes.

Regulatory requirements and project sustainability objectives within the design, financing, procurement
and construction management processes.

Collaboration between professionals on sustainability in the project’s design, financing, procurement and
construction management processes.

Change in project sustainability objectives during the course of project conception, development and
execution.

Sustainability innovation in the project, such as materials selection, supply chains, procurement, indoor air
quality, etc.

Focus on attaining the requirements for a GreenStar rating or other accreditation schemes.
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h. Extension of sustainability thinking to explicit adoption of circular economy thinking in project design and
execution.

Opportunities for extension of sustainability and/or circular economy measures in project design and
execution.

j.  Difficulties in implementing sustainability and/or circular economy measures in project design and

execution.

4. Learning from experience about sustainability and CE: Can you please tell us about your approach to

learning from past project experience in setting ambitious objectives and stretch targets and the way change
can be introduced into project design, procurement and construction management processes? We are
particularly interested to learn more about:

a. Revisiting projects, examining key features and identifying and documenting learnings for future projects.

b. Engaging with future occupants during the design process, occupants and/or building managers after
completion and occupation.

c. Considering and assessing what should happen at the building’s ‘end of life’ and frameworks like
GreenStar for this assessment.

d. Role of technologies, like BIM and Track and Trace in circular economy innovation in design, financing,
procurement and construction management.

Institutions, actors and levers for change: Generic interview questions
for Section 4

1.

Position in the organisation: Can you please tell us what position you hold in this company and a little about
your career and how you came to be working in the building materials industry?

Building materials industry: Can you please provide us with an overview of the structure of the building materials
industry and the place of your company in this industry? We are particularly interested to learn more about:

a. Nature and level of competition of your company in the building materials industry.
b. Main characteristics of supply chains for raw materials (inputs) and manufactured materials (outputs).

c. Your company’s adoption/support for industry research and innovation in building materials production
and distribution.

d. Re-engineering of existing production processes aimed at reducing the carbon intensity of finished
materials.

e. Nature and terms of finance for investment in the building materials industry and your company in
particular.

f. Estimates of the destination of building materials across the residential, commercial and infrastructure
sectors.

g. Global trade in raw materials and manufactured outputs in the building materials industry and the drivers
of this trade.

Climate change and built-environment decarbonisation: Can you please provide us with an overview of how
your company, in the context of the broader building materials industry, is responding to challenges seeking
to reduce carbon emissions in the manufacture, distribution and use of building materials? We are particularly
interested to learn more about:

a. Strategic planning processes being used by your company and other companies to decarbonise building
materials production and distribution.
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b. New workforce requirements including new types of jobs, skill development and retraining of workers at
different levels.

c. Measurement systems that have been developed and applied to tracking and quantifying carbon budgets
in building materials production and distribution.

d. Uptake and use of certification systems that purchasers/consumers use to assess products and guide
their choice of products.

e. The leakage of a proportion of new building materials into waste streams including into landfill.

f.  Constraints experienced by building materials companies seeking to increase their efforts to decarbonise
building materials production and distribution.

g. Consideration given to the concept of ‘producer responsibility’ for recovery and reuse of materials
produced generated by renovation and deconstruction.

4. Industry change: Can you please provide us with an overview of the main sources of guidance and pressure
on the building materials industry, in Australia and globally, to decarbonise materials production and
distribution, especially in the housing sector? We are particularly interested to learn more about:

h. Role of industry peak organisations or associations that your company belongs to as a member.

Recent developments in regulatory requirements in Australia and other jurisdictions, especially Europe,
North America and the UK.

j. Forms of industry assistance in Australia and globally, such as tax concessions and grants, that encourage
building materials companies to decarbonise.

k. Demand-side preferences of consumers, including government procurement, requiring less carbon-
intensive production and distribution of materials.

[.  New investor and insurer requirements requiring decarbonisation embedded in lending and equity terms
and conditions.

5. Future built-environment decarbonisation: Can you please provide us with an assessment of the path that
will be followed by your company and others in the building materials industry as they seek to decarbonise
their production and distribution systems? We are particularly interested to learn more about:

m. Views about how some products are more amenable to decarbonisation and how this will shape built-
environment materials choices and preferences.

n. Anticipating pressures for accelerating built-environment decarbonisation including from regulators,
investors and consumers.

o. Future development and extension of the ‘producer responsibility’ concept and practices for building
materials conservation and reuse.

p. Future job design, skill development and retraining required for designing, specifying and constructing less
carbon-intensive buildings.
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technologies that could help
transform the built environment

Digital technology

What is it?

Example in the built environment

Additive and robotic
manufacturing

Additive manufacturing is 3D printing, and
robotic manufacturing is robots doing the
jobs of humans

(Cetin, De Wolf et al. 2021)

3D printing of buildings to reduce cost, time, accidents
and pollution
(Sakin & Kiroglu 2017)

Artificial intelligence

Computers or machines mimicking
capabilities of the human mind (Maddox,
Rumsfeld et al. 2019)

Using Al to provide evidence for people-centred
architectural design
(Bhatt, Suchan et al. 2016)

Big Data, and Large datasets that can only be handled by  Using phone signals on the streets to understand walking
analytics certain software tools patterns for design of sustainable built environments

(Al Nuaimi, Al Neyadi et al. 2015) (Kim and Chanchlani 2018)
Blockchain Adistributed peer-to-peer system that is Can provide full material and energy traceability to make
technology cryptographically secured (Cetin, De Wolf predictions for the recycling and reuse of materials

et al. 2021)

(Shojaei, Ketabi et al. 2021)

Building information
modelling

The digital representation of built asset
(Charef and Emmitt 2021)

Can facilitate the selection of sustainable materials,
reduce wastage and enhance project efficiency and
productivity

(Olawumi and Chan 2019)

Digital platforms

A software-based system providing core
functionalities and a multi-sided network
(Asadullah 2018)

A platform that connect physical building components
with virtual components through radio frequency
identification, allowing designers to explore material reuse
(Xing, Pyung Kim et al. 2020)

Digital twins Provide a virtual replica of the physical Allow for participatory and collaborative processes to
world (Cetin, De Wolf et al. 2021) empower citizens in the design of their cities (Dembski,
Wodssner et al. 2020)
Geographical Store and process geographic information  Identify locations for new cycling infrastructure (Larsen,

information system

about locations (Chang 2016)

Patterson et al. 2013)

Material passports
and databanks

Digitally registered datasets of an object
describing its characteristics, location,
history and ownership status

(Cetin, De Wolf et al. 2021)

Material passports act as an inventory of all materials
within the building, showing the recycling potential (Honic,
Kovacic et al. 2019)

The Internet of
Things

Enables information gathering, storing, and
transmitting (Li, Foliente et al. 2014)

Can help with building tracking, monitoring, control and
optimisation (Ingemarsdotter, Jamsin et al. 2019)
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Appendix 4: Tier-T industries

supplying materials and services
to residential builders

Wooden structural component manufacturing

Structural metal product manufacturing

Fabricated wood manufacturing

Sheet metal product manufacturing

Carpentry and joinery timber manufacturing

Structural steel fabricating

Carpentry services

Machinery and scaffolding rental

Plastering and ceiling services

Plumbing services

Ready-mixed concrete services

Plumbing goods wholesaling

Painting and decorating services

Roofing services

Clay brick manufacturing

Electrical services

Structural steel erection services

Hardware wholesaling

Landscaping services

Surveying and mapping services

Tiling and carpeting services

Architectural services

Advertising agencies

Engineering consulting

Construction machinery and operator hire

Machinery and scaffolding rental

Solid waste collection services

Source: (Kelly 2022a; 2022b)

AHURI Final Report No. 402 Building materials in a circular economy

99



PR
AHURI

Australian Housing and Urban Research Institute
Level 12, 460 Bourke Street

Melbourne VIC 3000

Australia

+613 9660 2300

information@ahuri.edu.au

ahuri.edu.au

O twitter.com/AHURI_Research

© facebook.com/AHURI.AUS

@ Australian Housing and Urban Research Institute


https://www.ahuri.edu.au
https://twitter.com/AHURI_Research
https://www.facebook.com/AHURI.AUS
https://www.linkedin.com/company/australian-housing-and-urban-research-institute/

	List of tables
	List of figures
	Acronyms and abbreviations used in this report
	Glossary
	Executive summary 
	1. Introduction
	1.1 The research
	1.2 The housing industry as an institution
	1.2.1 The housing industry core
	1.2.2 Intermediaries in the broader field
	1.3 Policy context and challenges
	1.3.1 Policy context and challenges
	1.3.2 GHG emission reductions 
	1.3.3 Urbanisation and resource use
	1.3.4 Reducing urban carbon emissions and institutional capacities 
	1.3.5 Regulating for a circular economy 
	1.4 Research methods
	1.4.1 Stocks and flows modelling
	1.4.2 Industry-leading case-study analysis
	1.4.3 Supply-chain materials analysis

	2. Housing materials stocks and flows
	2.1 Introduction
	2.1.1 Material flow analysis
	2.1.2 Housing data
	2.1.3 Housing construction and material data
	2.1.4 Construction and demolition waste data
	2.2 Modelling results
	2.2.1 Materials and embodied carbon flows
	2.2.2 Stock and flow analysis
	2.2.3 Material investigations
	2.3 Data gaps and modelling limitations
	2.4 Policy development implications for materials stocks and flows

	3. Sustainable housing and material circularity
	3.1 Introduction
	3.2 The Cape: Cape Paterson, Victoria
	3.3 Nightingale Village: Brunswick, Victoria
	3.4 Assessment of findings against Rs framework
	3.5 Policy development implications for circularity approaches

	4. Material supply chains and actors
	4.1 Introduction
	4.2 Concrete
	4.2.1 Carbon in concrete
	4.2.2 Concrete industry structure
	4.2.3 Concrete innovation
	4.2.4 Concrete industry institutional challenges
	4.3 Steel
	4.3.1 Carbon in steel
	4.3.2 Steel industry structure
	4.3.3 Steel industry innovation
	4.3.4 Steel industry institutional challenges
	4.4 Timber
	4.4.1 Carbon in timber
	4.4.2 Timber industry structure
	4.4.3 Timber industry innovation
	4.4.4 Timber industry institutional challenges
	4.5 Policy development implications for building materials supply chains
	4.5.1 Learning about carbon in building materials
	4.5.2 Regulating for low carbon 
	4.5.3 Supply chains and industry policy 

	5. Policy recommendations 
	5.1 Summary of research findings
	5.2 Project recommendations towards CE housing
	5.3 Final remarks

	References 
	Appendix 1: Workshop material 
	Appendix 2: Interview questions
	Appendix 3: Industry 4.0 digital technologies that could help transform the built environment
	Appendix 4: Tier-1 industries supplying materials and services to residential builders
	Table 1: The housing construction industry: houses and apartments
	Table 2: Housing industry intermediaries
	Table 3: Main simulation modelling methods used in stock and flow analyses 
	Table 4: Common construction materials
	Table 5: Data/assumptions and sources used in the MFA model
	Table 6: Interviews conducted for the material flow analysis
	Table 7: Interviews conducted for supply-chain materials analysis
	Table 8: Historical changes in house construction: 1950s–2020s
	Table 9: Identified data gaps
	Table 10: Synthesis of case-study findings using the Rs framework
	Table 11: Steel decarbonisation: BlueScope view of societal and company change
	Figure 1: ‘Other residential’ dwelling completions as a proportion of total dwelling completions: actual and linear trend: 1955–2020
	Figure 2: Summary map of mixed-methods data collection for modelling residential houses material flows
	Figure 3: Detached house completions and dwelling average floor area: all states
	Figure 4: Construction systems for houses based on CSIRO Housing Data Portal: 2016–2021
	Figure 5: CDW generated annually by states and territories. Composition of CDW materials: 2019
	Figure 6: Annual estimate of material flow into residential detached construction: 1970–2020
	Figure 7: Estimated embodied carbon in the material stock: 1970–2020
	Figure 8: Overall stocks and flows for residential construction: 2007–2019
	Figure 9: State-based stocks and flows for residential construction for NSW, Vic, QLD and WA: 2007–2019
	Figure 10: Material flow into and out of detached residential housing in Australia: 2019
	Figure 11: Brick manufacture, use and waste for detached residential housing in Australia using MFA analysis: 2019
	Figure 12: Concrete manufacture, use and waste for detached residential housing in Australia using MFA analysis: 2019
	Figure 13: Nightingale Village (left) and The Cape (right) construction sites: January 2022
	Figure 14: Concrete industry supply chain
	Figure 15: Steel industry supply chain
	Figure 16: Timber industry supply chain

